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20 increases to severe levels.
Use of opioid analgesics, even for treatment of severe pain, is controversial in the

medical community, due to the possibility of addiction. See, e.g. S.E. Weitz et al., New

Jersey Medicine, Vol. 97: 63-67 (2000).
Tetrodotoxin is a monprotein neurotoxin that is found in multiple diverse animal

25  species, including puffer fish, goby fish, newt, frogs and the blue-ringed octopus.
Tetrodotoxin can be obtained from the ovaries and eggs of several species of
pufferfish of the suborder Gymnodontes.  Tetrodotoxin is the agent for poisoning
occurring from the consumption of ill-prepared fugu fish in sushi bars. Tetrodotoxin can
also be obtained from California newts of the genus faricha.

30 One biological activity of tetrodotoxin is binding of the alpha subunit of neuronal
sodium channels. Tetrodotoxin has a chemical formula of C;H7N30s, and has a
molecular weight of 319.28.  The Merck Index, 10" Ed. (1983), states tetrodotoxin is the
generic name for the compound
octahydro-1 2-(hydroxymethyl)-2-imino-5,9:7, 10a-dimethano-10aH-(1,3)dioxocino(6,5-d)-
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18 March 2005 -2 pyrimdine-4,7,10,11, 12-pentol, which has the foll ow ng
structure: o' H20H The Merck Index, 10 Ed. (1983), states)§ earexlQooxin is
also referred to as nacul ot oxin, spheroidine, tarichatoxin, tetrodontoxin,
fugu poison and TTX. According to U S. Patent No. 6,030,974, "tetrodotoxin”
or "TTX" refers to the 5 am no perhydroqui nazol i ne conpounds having the
nol ecul ar formula Cl11 H17 N3 G and tp_ derivatives thereof, including but
not limted to anhydrotetrodotoxin, tetrodam notoxin, methoxytetrodotoxin,

et hoxyt et r odot oxi n, _deox tet t n tetrodonic acid (Kao). Exanples
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as well as those that are partially or totally chemcally synthesized. See
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lidocaine, an aminoalkylbenzoate such as procaine, cocaine, an amino carbamate such as
diperodon, a N-phenylamidine such as phenacine, a N-aminoalkyl amide such as
dibucaine, an aminoketone such as falicain, or an aminoether such as pramoxine.

20 According to U.S. Patent No. 6,030,974, "saxitoxin" or "STX" refers to a
compound comprising a tetrahydropurine moiety composed of two guanidine units fused
together in a stable azaketal linkage, having a molecular formula CyoH;7N;04 (mol. wt.
299.30) and to derivatives thereof, including but not limited to hydroxysaxitoxins and
neosaxitoxin, See Bower et al., Nonprotein Neurotoxins, Clin. Toxicol. 18(7): 813-863

25  (1981).

Tetrodotoxin and its significance in the study of excitation phenomena has been
reviewed by C.Y. Kao, Pharmacological Reviews, Vol. 18, No. 2, 997-1049 (1966). Kao
notes that one of the most prominent actions of tetrodotoxin in the whole animal is a
rapidly progressive and marked weakening of all voluntary muscles, including the




cocai ne, anphetam ne, dol andin, dihydroetorphine and net hadone. Anounts
effective for relieving withdrawal synptons are descri bedigmdridhS2qoat ent .
Tetrodot oxi n can be used as a |l ocal anesthetic and is ten thousand tinmes
nore powerful than commonly used |ocal non-narcotics, as is discussed by
C. Y. Kao and F. A. 10 Ful man, J. Pharmacol ., 140, 31-40 (1965).

Tetrodot oxi n preparations in conbinatipn with other w dely used anesthetics
have been noted in U S. Patent No. 4,022,899 and U S. Patent No.
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Although there has been extensive research into the effectiveness of TTX and its
derivatives as a sodium channel blocker and local anesthetic, systemic administration of
pure TTX as an analgesic has never been disclosed. The potential for TTX to alleviate

30 pain arising from the activity in the central nervous system, rather from the stimulation of
peripheral nerves does not seem to have been described.

The alleviation of chronic severe pain, such as that arising from cancer and “phantom
limb pain” is an important topic in modern medicine. Cancer is highly pervasive in the
human population.

35 A person suffering from cancer frequently experiences severe pain. This pain can
also be known as central pain or chronic pain. However, a patient need not be suffering



facilitated pain arising frompersistent afferent input (as after tissue
injury) and neuropathic pain that arises fromaltered proadsgireh 2addser
nerve injury. 10 Sorme sodi um channel bl ocki ng conpounds, e.g. |idocaine and
mexiletine, typically wused as |ocal anesthetics, have al so been
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other sodium channel blocking drugs.

30 In 1998, Rabert ef al demonstrated that the existence of more than one type of sodium
channels in rat dorsal root ganglion (DRG) sensory neurons. These sodium channels have
been distinguished on the basis of a differential sensitivity to TTX: a TTX-sensitive
sodium channel (TTX-S) is blocked by TTX with ICsp of 1-20nM. A TTX-resistant
sodium channel (TTX-R) is blocked by TTX with an ICso of ~100uM. The rBIIA, 1BIIl,

35 rSKMI, rPN1 and rPN4 sodium channels are all TTX-S, whereas rPN3/SNS sodium
channels are TTX-R. There are also two types of sodium channels in human DRG sensory
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30 cyclooxygenase product which does not produce hyperalgesia, does not affect TTX-RIna.
These results suggest that an increase in TTX-Rln, underlies the increase in nociceptor
neuronal sensitization induced by hyperalgesic agents. Intratheacal administration of
antisense and sense oligodeoxynucleotides (ODNs), which were directed against a unique
sequence of the TPN3 or SNS were used to examine the role of these channels in
35 PGE,-induced hyperalgesia. Only antisense ODNs led to a decrease in PGE,-induced
hyperalgesia. PGE,-induced hyperalgesia was partially recovered 4 days after the last




alterations in axonal transport ultimately result in channel accunul ation
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TTX blocking of TTX-R channels may contribute to antinociceptive action of TTX in
animals. In animal models of pain, neuromas, neuropathic pain or persistent dysesthesis
initiated by artificial damage to peripheral sensory nerves produces ectopic discharges

30 originating at both injury site and related dorsal root ganglia, and consequently
hyperexcitability in associated dorsal horn (DH) neurons of spinal cord. TTX inhibits
neuropathic ectopic activity in neuromas, DRG, and DH neurons in a dose-dependent
pattern. However, at present the relative contribution of TTX-S and TTX-R channels to
the generation of ectopic discharges in neuromas, DRG, and DH neurons is not clear.

TTX produces antinociceptive action at dose levels that do not significantly change



cancer and other major cancer types. TTX is also effective on central pain,
chronic pain and phantomlinb pain. Tetrodotoxin is effectivel®Maati 2005
severe chronic pains. Tetrodotoxin is capable of generating analgesia in a
mammal experiencing acute or chronic pain. The nethod of the 15 present
invention includes systemcally (generally, to the whol e body)

adm nistering, in a suitable pharnmaceugical vehicle, an effective dose of a
| ong-acting sodi um channel bl ocki ng conpound, i.e. tetrodotoxin. TTX is
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days or | ongfkduld'8Y upeUl tdokésOpdr day over a time period of 3 days. Frequently the
20 effectiveness of the dose lasts for up to 20 days.
The purity of TTX is usually 96% or greater.
Saxitoxin (STX) is a highly selective and highly active sodium channel blocking
compound. According to U.S. Patent 6,030,974, both TTX and STX specifically bind to
a site on an extracellular region of a sodium channel alpha subunit. The site is in either an
25 SS1 region or an SS2 region (Evans, Tetrodotoxin, Saxitoxin, and Related Substances:
Their Applications in Neurobiology, International Review of Neurobiology, Vol. 15, pp.
83-166, 1972, Academic Press).
The LDs, of saxitoxin for mice by intraperitoneal injection is 10 pg/kg (Schantz, E. J,,
McFarren, E. F., Schaeffer, M. L. and Lewis, K. H.: Purified shellfish poison for bioassay
30 standardization. J. Assoc. Official Agricul. Chemist. 41: 160-168, 1958.); in rats, the
intraperioneal LDsg is 10.5 microgram’kg (Watts, J. S., DaCosta, F. and Reilly, J.: Some




- The tunor causing pressure on organs, nerves, or bone. 20 - Poor bl ood
circul ati on because the cancer has bl ocked bl ood vessels. - Bligckfds sdosan
organ or tube in the body. - Metastasis- cancer cells that have spread to
other sites in the body. - Infection or inflamation. - Side effects from
chenot herapy, radiation therapy, or surgery. 25 - Stiffness from
inactivity. - Psychol ogical responses_go illness such as tension,
depression, or anxiety. The difference between acute and chronic pain is
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anticipated to |as Bperative pain. Chronic
pai n i $Ousual | y Poarblepdiciradationsbepatiss the sansprchas h Ckﬁﬂrtéoqu&WeE nonth, e.g.,
cancer pain and pblackagéerof dndigairiube Thee badyi onal Institute of Neurol ogi cal

Di sorders and S
Chttp:// heal thr Mt b8 BB e Siner S il B G88%9, 2000) descri bes
central pain syhFdie oxiafl émﬁ’éﬂ?‘bl ogi cal condl tion caused by damage

speci fical |l y t oSideeffeaefiomahemethatapys raliatibretietafI\o) surgerfar ai n, brai nstem or

spi nal gord. Th%uﬁﬂésﬁ‘frbﬁﬁ&cﬂ%@y@a”d is 20 usually descri bed as a burning,

aching, or cutting sensation casionally there may. be
- Psychological responses to illness such as tension, depression, or anxiety.

The difference between acute and chronic pain is discussed by Joseph T. Dipiro,
“Pharmacotherapy: A Pathophysiologic Approach”, Third Edition, Appleton & Lange
(1997) p. 1263. Dipiro explains that acute pain may be a useful physiologic process

30 warning individuals of disease states and potentially harmful situations. Unfortunately,
severe, unremitting, undertreated pain, when it outlives its biologic usefulness, can
produce many deleterious effects such as psychological problems. When pain is not
effectively treated, the stress and concurrent reflex reactions often cause hypoxia,
hypercapnia, hypertension, excessive cardiac activity, and permanent emotional

35 difficulties. The problems associated with these reactions range from prolonged recovery
time to death.
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somewhat numb in the areas affected by this burning pain. The burning and loss of touch

appreciation are usually most severe on the distant parts of the body, such as the feet or
hands. Pain may be moderate to severe in intensity and is often exacerbated by movement
and temperature changes, usually cold temperatures.

30 Central pain syndrome may develop months or even years after injury or damage to
the CNS. The disorder occurs in patients who have, or have had, strokes, multiple sclerosis,
limb amputations, or brain or spinal cord injuries.

Generally pain medications provide little or no relief for those affected by central
pain syndrome. Patients should be sedated and the nervous system should be kept quiet

35 and as free from stress as possible. Central pain syndrome is not a fatal disorder. But for
the majority of patients, the syndrome causes intractable pain.
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a very strongy,isR0hed1sksi LA tBrefitaRd atsgenaﬁlf&u fé _Iél_xe{splrﬂ@a%ﬁﬁxfbgg%S -11

The i nvent ors have di scovered that t et r odot oxi n Ifs a gs “and
deri vat i ved cgiteal a3tng {eRiQids) gralgei s ‘BP%H&HE&“W“%&HQ@F%“‘%%‘# P TFligfer
cancer, r eailadnalgesicseit,is doai mn;eome;nahm distbrpeish datveen neh-epivih awhogieid,
Iyrrphatic @@85‘? esophageal cancer and other nmjor cancer types.

Tet r odot oxi n _an anal 0gs ang deriyvatives are effective in 5 relieving
pain in hurra%onaw@tan?éseswamp ey GfEetiYS Yoy mildot Mederyin aaip a9d dp (ading
(cancers) paix adisingrfrémnbesmatdide sghritianc dlypicalanomogioid amalgekies gedniab@tin,or gans
(i ncl udi ng,qpp, gﬂa& and ah&%hgtxﬁlémtlﬁﬁq$masw§w@§m £ g, GOl RORn, Dreast,
respiratory syst i ncluding lung and bronchus urinary system Iyrrphorra
and skin cRIFE¥A™, ﬁ'dd\é?@ﬁ?f‘ who has had an armor |eg renmoved by surgery nmay
still feel pddpioidrionopiate) islOganampl eandint naenakat synthstiasubsfantdsahatvidndetoc om ng

fromthg absght prﬂ) reéeefarsomrﬁr@en&at ndHis s Yo% b&d&&ﬁgl afrag Biikt RigeRt om | i b
pain is rﬁ@ Hi| S .not ﬁ%xgyag% so can occur, Ratl ent had a
br east pigigl anp §%‘Fstai‘?1§"tf ﬁ%al 1“6‘??38‘5 SHEHAGUE PR H?F‘QB‘?‘ ePBast . No
si ngl e pai androdatqnmfpanﬂhbiodingomcemam p Agpicdroploiddmajgasics are c@deﬁncpmbtphmb,s al |

the tinme. M gvé n}t]ave been used to treat this type of pain,
i ncluding paip nedicine,” physical herl?l er ve stinul atjon.

Tet rodot oxi n AFHHeNY ‘é‘ﬁ“&ﬁ P “afE'é"(fr‘B%fﬁ Hgt“ﬁ% 0 TheeeHGent i on
provi dex rhydmﬁorbha)m (Ddaudai)n lesgdanat debveiDrbmplaa)yt mmhladm iiRolophiBi)nce

tetrodot oxjjy BJ\?@ad&{})’éh PRGBS arRf bk hdrphons ! (AR 1), CITthx g & | ow
safety thr It i s necessar to accu eC| sel

control t hé’%’bgl‘rﬁ‘l“’é‘fﬁl E‘Hal%d” I§9s lj]énJeC@QgéPlngH{EP h}gg yeh A ‘fe

| i terat ur e(ifittavendwslydet BY yrionhy irestal efippositary dhteoxam aB@ Qﬂmlm@dwxﬁlgugng:al
measur em%‘ngpm lrﬁéd&ﬂm%@ Tf(er'lli?(nQTc&m&Vs’ patd AREOTRE £1Ynar9&§:s R ARG ARBY of | 1 qui d

chromat 0 the techni ques have their advantages and
lim tati2 B“S b| ol ogi cal neasurenent nethod is very sensitive and
consi dered a NSadDbksimilae thibuproen (ithbygevdases, itupmifgoreqeisesshpresatiptiomgee | i ke

poor repr 0%&' ka |t1'e£%enﬁ@f‘¥axh rﬁdmmcbﬁl IfcRfde@"i thib %Eélx% oV Bhih %afe@exlasrrween
test ani nal ﬂg &/ g teeﬁ.'\”t%/ u;ﬁ rtetl ativel r@’ﬁe 25
sanpling a E{?Sﬁ) miapd TR ey fre psgh OTT’F\O “PIUS BT ?‘%}/“ ¥
requi res amay be especially helpful in treating the pain of bone metastasis.
30 It is believed that tetrodotoxin is not an opioid agonist since it does not bind specific
opioid receptors in the CNS (central nervous system) producing an agonist action.
Tetrodotoxin is a specific sodium channel blocker. Sodium channel blockers are used as
local anesthetics, e.g., lidocaine. It is evident that tetrodotoxin is not an opioid agonist
and therefore it could be assigned to the class of the non-opioid analgesics. As a result,

35 tetrodotoxin has the potential to be a very strong non-opioid without a risk for addiction.




fl uorescence spectrophotoneter. UV spectrophotonetry cannot separate
tetrodotoxin from related inpurities, and its accuracy isS poor.;gfdid 2bbe
el ectrophoresis nethod al so have their limtations, respectively. Since it
provi des high specificity, high sensitivity, and is capabl e of providing

30 identification and content determ nations sinultaneously, HPLC is used
as the major detection nethod for content determ nation. By routine
experinmentation known to the skilled“%féctitioner, the stationary phase,
nobi | e phases _and the detection conditions are_ optimzed tqQ establish a
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. p g
| npl ant s25 assmpling gmgpnts@gp@iap@, ,ltg)w detgetion limit. The fluorometry method requires a

fluorescence spectrophotometer. UV spectrophotometry cannot separate tetrodotoxin from
related impurities, and its accuracy is poor. GC and the electrophoresis method also have
their limitations, respectively.
Since it provides high specificity, high sensitivity, and is capable of providing
30 identification and content determinations simultaneously, HPLC is used as the major
detection method for content determination. By routine experimentation known to the
skilled practitioner, the stationary phase, mobile phases and the detection conditions are
optimized to establish a reliable separation and detection method. As a result, tetrodotoxin
and the major related substances can be well separated. HPLC methods provide high
35 detection sensitivity, convenience of operation, and sound reproducibility.
Tetrodotoxin useful in the method of the present invention can be obtained from



routes of adm nistration, the dosage and the adm nistration schedule are
shown in Table 1. 30 18 March 2005 -13 Table 1. Adm nistration of8 March 2005
Tetrodot oxi n. Route of Adm nistrationDose (g/50kg Schedul e subject)

I ntranmuscul ar i njection5-504. 2/day |Intravenous injection5-303 - 2/day
Subcut aneous i njection5-504 - 2/day Sublingual 5-303 -- 2/day Patch through
skins5-604 - 2/day Oral ingestions-303,-_2/day Inplantable Gsnotic

punp30- 601 Col | agen i npl ant s30- 601 Aer0sol 5-504 - 2/ day Supposi t ory5- 303 -
2/ day Typi cal | the activ redi ent tetrodotoxin or saxitoxin is

f or nul at ean}mﬁéssagﬁ,ppﬁgaputﬁgtfn O%fSan acetic acid-sodi um acetate buffer as
a vehicle. Hawiwiled desveipfior wiilaatptbed demprodustiomiof tefradetoximorpsofsiyaiives

i ncl udi ng, g Oelr Bwaé‘cﬁmh%e%iaﬁpﬁcaulaymEtroumm@anéd bepténben §i200@r 5 adj ust
pH, such as acet ate E eré)z trate buf /‘gpf) @t}ﬁt ,@g{?f er% and bor at e
buffers: vi &% @B%Pﬁss" u R f? T

cel lul os eanoaswyhn a:acehydt basylen pldervedubathe :malolgsl puslecegyoint @aarlwmc,tlon,

preservati M8 o nSHUE ra@tsadtgg‘ggl | koni um chl ori de, chl orobut anol ,
phenyl mercuric ace henyl msrcur|§ I’IIFI‘ t t oni C|ty adj ustsers,

such as sodi i é‘h‘i%?‘?‘dé’eﬂﬁ‘ﬂﬁntpt il sodiyny) oc é{‘ﬁdc‘ﬁ)‘@i’l Qi
enhancer s, tegsdoboxas afid ysaxitokin. 1 IClatiquioxmc (CIX)akdy be amsehesAlndefieativel Bice. The

addi tion Ognagg ?&?‘H&&&H sQlEle: A{Qplttg{f‘oduaf(ﬂuirﬁtaWro-Ha% pRleBUdRGES] bl €.

Conbi nat i on 1rons_1.ncl udi ngl 1% actlng.sodi um cg nnel th bl ocki ng
conpoun® and EWOQﬂ‘PF'Bl%tné(, refers {q 8|aH‘éﬂ° Arqagiragqlinp Gpgppund having the
anti - i nf | afléw4ryformirlal @ aH@/ Ny Ogandawalednsives tieeof, ancudigsiot pos Biniedsto

Eg;‘g}‘”dg"; iegﬁﬂx%&rote%%goﬂgm Qéet%g?@do%ghe:{ Ouhgthbfytgtﬁﬁbﬁxﬁa ' Setﬁﬁ@%ézgh&tyxm and
Practice ofleopligfrefdotqyin andfqirodepic aﬂdRExarﬁéﬁﬁﬁf E%Qe?f% mﬂ’é‘g’S F%ﬁg

Phi | adel phmﬁlo@@hkcﬂged (ﬁonPh&refrmgananﬂ sc well ca, thoses fhet awl pgrtlall?apt tatylly As
shown iq ?ca%?, %H&i%é’eﬁ' @l S?otéﬁgse& frr 9\%5 BR1.66hdin PSB(33:808-895 A nor e

typi cal dose I 1ts anal.ogs and

L
deri vat i ve6l989k Sush é‘@iqg\?é’“}dn“’r F%"\)‘? ﬁ‘& %Fhﬁ HL#‘ E‘Hﬁm‘!a]\dr‘?ﬂ‘umz@ha{}?ﬂ% > mamal s

resul ting tsmmxal i gnant neopl asm (cancers) or other tunors. These cancers

can occur in hg.g T)@ra@@stou% b0 AR §)totrdHy BB !

(1 ncl uding stonac

rea |rato syste |ncI in Iung and
bronchus) , cerpased of W‘ég@ﬁ‘ ing %‘Eh@‘ﬁ"’é‘ té’ﬁﬁ‘g K E%‘ﬂ é?atk §L H%t
foll ow pg enctdeplaeformula CyoH;7N704 (mol. wit. 299.30) and to derivatives thereof, mcludmg but

not limited to hydroxysaxitoxins and neosaxitoxin. Bower et al., Nonprotein Neurotoxins,
Clin. Toxicol. 18(7): 813-863 (1981).

Preferred compounds for use in the invention are tetrodotoxin, 4-epi-tetrodotoxin, and
anhydro-4-epi- tetrodotoxin.

25 Routes of administration of tetrodotoxin can include intramuscular injection,
intravenous injection, subcutaneous injection, sublingual, patch through the skin, oral
ingestion, implantable osmotic pump, collagen implants, aerosols or suppository. The
routes of administration, the dosage and the administration schedule are shown in Table 1.
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Sodi um channel bl ockers are surprisingly shown to be effective as long-term
system ¢ 25 analgesics for alleviation of severe pain. It is al sa8 March 2005
surprising that mnimal side effects, the principal one being nunbness in
the lips and extremties, are observed upon system c adm nistration.
Patients debilitated by pain are able to resune al nost normal |ives for

peri ods of nore than 20 days foll ow ngya single course of treatment with
TTX. That TTX and ot her sodi um channel bl ockers can be used as systenic
anal gesi cs that are mor erghfe Narmm%%%t.o&ﬂff&tm+m than norphi ne and

ot her opi sics-in treating acute centra nd _chronic pain is
entirel y|unexpBeveaf Administsatian of a comBesne’Okg ect | ve fSshedwld i evilng pai n"
is an a nt that results in_a_ decrlease ismbjactpati enf's perception|of pain
by 2 unifs_or notremuseulahmjasioreri cal |Pain S-Shtensity Scal-e2/dfn ampunt that
is "very|effectilneavbousirgédtieni ng paijn” i s ah3@nmount fhat yesdafs ih a
decrease|in a phibeemtcons mpcde@pti on gf pain D30 4 unit§ or 4FQaPN The
Nureri call  Pai n | nt@ubsibhgual Scal e. An |[anount fp a conppund 3 ERRETTVE for

el i m nating pal NPaich tladughdrMunt Thaf| resultsggn a def reasges Sayf Patl ent's
per cepti gn of pal TnfaPing&fibn ON [ Ne NYMETT cals 3dJa| M ITENST3 Y, gyt € 10

Ref erencgs 1. Ilﬁ%&niﬂb’le(ﬁ%‘éﬂ@p&ﬂp Dray A& |\|0§¢L%5puve peripheyal—neur ones:

cel lul ar propert T T PD—iyetze edi-tofs—Fextbook T;f pai n,
Edi nbur glr—chr uu(.j.%?l.A g;gl‘ﬁé‘& ane——14994: 5?6_‘5}); 1521 o) .;/m Dolibel | TP,
The pat hgphryst urug&u Pianc e—pat-fjrhereasei-sensi--w fc‘3 2@ ow-g hreshol d
A O-fi bre—nputs: _CHPRBRY Y o pi-ri-en—i-A—Neur-obL C?OQ' 1994 A~ W‘:’M 3. Dray
A. Tasting the inflamatory soup: the role of peripheral neurones. Pain

Fe;/i e‘éVSt 1994; éali}53helgoﬁve a%rﬂien%%a&o%or Kﬁﬁhxﬁ% fdrlnmgfe'ﬁQnM J}llﬂhgc?lsal Ar ot
et r odot oxJ

gangli a, hlg&lfilb £ %e Rtac%%&la’%ga‘g%%%ggels%% % ?e gpwéa?rt élr arp?ﬁm OPERY | ul ar
and ol ec§PHH™ ST & O&F" dPt Ut R4 TSHified P diHRg meanspp paingin gy 1992:
72:515-518¢ J“*§5’H6 Susztl@'ipw&ﬁt%wffesﬁ, vitrats: buffers, phrgspbiatg kpffexs and borate buffers;

t et r odot oxispesite Sncs¢aaimg agets aupb-ag pbbetinybalicohvl, cetialoses) suek ps dgdogtypiypybens o ry
neurons, hethiyl ecellh®RO; adl Hadotnes6 resérvalivtsd N6 kel Kéﬂkdllﬂ‘ﬁlui?ﬁ ﬁ@t‘l’&t er M,

curr ont ‘]Pﬁh“n“‘é’ﬂ.ﬁ%ﬁ‘é‘ e it SRl SRR s S %‘i; 30

8. Khasar e If YR PP 88’%%5? Fof prbapeets, SEchss YAMSe ur r ent
medi at 8% Ol W'"ﬁ%ﬁ“ﬁ‘ '1*‘?1 like, d'he additionef kaspeanstEictopia e formubgan
256: 17- 20.s @lso |possitev{emBnationz fommelktons, infMbding ¢ha lah@ractitg abdiubi gianniebut i on  of
t he blocking compound and an antibiotic, a steroidal or a non-steroidal anti-inflammatory
drug and/or a vasoconstrictor are also possible.
Formulation for each administration route in Table 1 is generally considered known
15 inthe art. See, e.g., “Remington, the Science and Practice of Pharmacy”, 19" ed., A.R.
Gennaro, ed., ¢. 1995 by The Philadelphia College of Pharmacy and Science, (especially
Part 7). As shown in Table 1, the typical dose ranges from 5 to 60 pg per adult. A more
typical dose is from 20 to 40 pg per adult.
Tetrodotoxin, its analogs and derivatives are effective in relieving pain in humans and
20 other mammals resulting from malignant neoplasm (cancers) or other tumors. These
cancers can occur in the genital organs (including prostate), digestive system (including
stomach, colon), breast, respiratory system (including lung and bronchus), urinary system,
lymphoma and skin cancer, as shown in the following examples.
Sodium channel blockers are surprisingly shown to be effective as long-term systemic
25 analgesics for alleviation of severe pain. It is also surprising that minimal side effects,
the principal one being numbness in the lips and extremities, are observed upon systemic
administration. Patients debilitated by pain are able to resume almost normal lives for
periods of more than 20 days following a single course of treatment with TTX. That
TTX and other sodium channel blockers can be used as systemic analgesics that are more




t et rodot oxi n-resi stant sodi um channel PN3 in rat sensory neurons in nornal
and neuropathic conditions, J. Neuroscience, 1998: 18:2174-2387Marsh ddbs
Ormana- zapata |, Khabbaz MA, Hunter JC, et al. Tetrodotoxin inhibits
neuropathil ectopic activity in neuromas, dorsal root ganglia and dorsal
horn neurons, Pain, 1997; 72:41-49. 18 March 2005 -15 EXAMPLES EXAMPLE 1:
FORMULATI ON The fornul ated pharmaceutigal used in the clinical study of
Exanple 2 is tetrodotoxin for injection. The fornmulation is shown in Table

2. 5 Tabl . X| . Tet rodot oxi n15 . 5% di l.ute
acetic aci ﬁc%@?&fnﬁrﬁ%ﬂéé? g&éﬁlg@%{j gggﬁ?fcé?n giioe iaﬁ‘#"@g‘%ﬁq a?(gs}&%‘i“ct he
total vol FAEBHFEHE LR °%) pr epar ed phar maceutical sol ution) Water for

i nj ection, add amerobef agomprend Effeciivatfoomlieing peénfipamurhatnt Gt dedadgeaof TTX
for inj ectdecmase sin bapaitntppercéhiien ofgmin b 20finiRr &- mbreNdnC ik MkASFRACPARYY and
8har miCQdﬂgﬁﬂitQ%cﬁltsUdAﬁ%moﬂiﬁhﬁﬂé ewrﬁkff&?evefforlr&iévmrg ;ﬁkdl”% Qﬁ‘hm%ﬂlrtﬁg?P eut’ cal
osage is i e i [ s. In general, it is
cal cul at eﬁ, aggil/ ?%E%i{:@ agéﬁ? %gt%ipgicgéﬁoﬁlnaélpaagggﬂ%n%%fn,ofﬁ)?n, @ﬁgﬁ"ﬂﬁ“ffé are
used as HAMERBER SH: gHisamouns BgetCPWB?‘y!d ‘PHectpelonslimigaiierairise aphal f

i nhi bi ti orfmesaidhatyesulis ipHedegreaseiin a patiant’s pergention pfipait kawgro ¢retht Numeritde i s

2. 80 g/ kg RainrlneasiysScalear |y, | M. Accordingly, the recommended clinical 15
dosage1bor humans is: 2.80 p.g/kg x (1/5) x 50 (60, 70) kg = 28.0 (33.6,
39.2) 9 Therddncesf fective dosage in the formalin-induced inflammation test
inrats is 2.5 g/ng (IM (P<0.01). Accordingly, the recommended clinical
dosage for hlmRas HPsBevan 50, rak 4. No¢iddphiye periphetabturon0y: chltnlar pedpeRies.3R: O,
35.0) g 20 It Wealas,oMpleskiR) alifof. Telibdekaf PainhBdihirkt, RhruehiliNivifkuAoSage
based upon LD5Qgy@kyeg Considering the results of pharmacodynam cs
studies, the clinical dosage can be calculated as 1/50 of the LD50. 50,

60, and570 k% dflfiGhkdaabelnTPerhe pathyphysiotialy of chioakpRd-inviehsed sBagRityupon t he

results of phatrase! euheil UAl pFibANthpu! Tkt SpRIGNGENeuldboiblgs 3060 25
TTX for injectiyapsuged in the clinical study of Exanple 2 is 30 p.g in 2

m . EXAMPLE 2: CLIN CAL STUDY A clinical study was carried out from
Sept enber 213.t ®rgec thoRastinkOthe 1iflBnhaoyxupnehe fohkeofpaipheni aeabiecPaiaf
t et rodot oxi n i Rie@iews.A0o4; TI$3p8i ty 89% brand name TETRCDI N,

20 4. Rabert DK, Koch BD, Ilnicka M, ef al. A tetrodotoxin-resistant voltage-gated

sodium channel from human dorsal root ganglia, hPH3/SCN 10A. Pain 1998;
78:107-114.

5. Catterall WA, Cellular and molecular biology of voltage-gated sodium channels,
Physiol Rev. 1992; 72:515-518,

25 6. Akopian AN, Sivilotti L, Wood JN. A tetrodotoxin-resistant voltage-gated sodium
channel expressed by sensory neurons, Nature, 1996; 379:257-262.

7. Gold MS, Reichling DB, Shuster MJ, Levine JD. Hyperalgesic agents increase a
tetrodotoxin-resistant Na+ current in nociceptors. Prod. Natl Acad Sci. USA, 1996;
93:1108-1112.

30 8. Khasar SG, Gold MS, Levine JD, A tetrodotoxin-resistant sodium current mediates
inflammatory pain in the rat, Neuroscience letters, 1998; 256:17-20.

9. Novakovic SD, Tzoumaka E, McGivern JG, et al. Distribution of the
tetrodotoxin-resistant sodium channel PN3 in rat sensory neurons in normal and
neuropathic conditions, J. Neuroscience, 1998: 18:2174-2187.

35 10. Omana-zapata I, Khabbaz MA, Hunter JC, ef al. Tetrodotoxin inhibits neuropathil

ectopic activity in neuromas, dorsal root ganglia and dorsal horn neurons, Pain,
1997, 72:41-49,



18 March 2005 -16 batch no. 990122, Nanni ng Mapl e Leaf Pharmaceutical Co.
Ltd., Quangxi, China) on 11 people who had chronic pain from aglwagerdoos
cancer. 1.1 Objects of study: Eleven late term cancer patients vol unteered
to participate in this study. Conputerized tonography (CT)-scans and

pat hol ogi cal exam nation 5 confirmed that all the patients had cancer. They
all had noderate or severe pain accgrlgi_ng to the WHO endorsed criteria on
"pain grading”. Among the 11 patients were male, 5 were female. The

ol dest was 76, and the youngest 26. Five had liver cancer in |ate stage.
One patient had |eionyosarcoma (smpoth nuscle sarcoma) acconpani ed by

post operative liver 10 cancer. TV\DEMP@IFFO%toperati ve rel apse of stonach
cancer. OFXAMEBLEdJst dRMULAIION| apse of carci noma of the esophagus. One
was post oper at The fomtdgise phirmfaeaitiedl uedninethe Cirdcabastudyobd Examplei DaFw
acconmpani egrol¥tokin Y& infetktmer - el folnfiBatRAtd §6%HA in TAIEd this clinical trial
voluntarily. 1.2 Drug and dosage: Tetrodotoxin injectioni.m, 30g /2 nm.
Al thespatients 15 were intranuscularly injected with 30g tetrodotoxin
each time, twice a day (on eyery 12 hours). This was applied for 3 days
(a total of 180 gg of tetr%&ﬁfgxiﬁ‘)‘@%ﬂt%‘ rmyfatign.G e eyal uati on: Fol | owi ng
the clini cafetedébkiat i on met hod as desgsiniped bel ow, the anal gg¢sic effect of
t et r odot oxj-p—gnr—11—people—was—det-ermned—Fh-s—study—di-d—net{ have a design
control gr oQJf)%aFlPte\ﬁgg‘céﬁ‘Hopen trial WHde bot h patients 20 amd doctors
know what [A¢tic WEia - Beitagbuffee tblutidnas S| fS0aat(EBbfaie ol volumé enNGely and

recordi ng rr&)h%gg The protocol requi rggpakkdiphittmacdubiod seloddnyesiic drugs be
taken for P Ps before participatling in the study. Nor were any ot her
anal gesi ¢ [wdgsfor alj@fionlur aditot he 3- dgyo0@mii od of the use of fetrodotoxin.
Pai n was -evaluated-using—theNureri-cRPatntntensity—25-Seale—which is
descri bed below. Pain was initially evaluated prior to the initial

tetrodotoxin i Rixechic@Rion SEE fRAGRHANIIRESSE PEX 98t ifffectichl it B5QH Apbi tHeat
8: 00AM and i: gﬂ;’ and recorded

h h ff .
Che oot o el %ﬂ-ciﬁ%aﬁga%ﬁ%ﬁ? SR PR FETREs. O ARE G aitort °° 0!

5mion, 10nithe cinglphapmcepticabdpgage 1y ased yipon dhe dagyee sfectiyR injpnimgis. Iang 12h,
30 2.1 Recgsnelphiis ¢adculptedasd/0of thaéffective amimgaltdpsagkol0, 6hiagd 7@ kg anefysed 5O

r ecommendesintmbbépweibht rddpetivelyr i c Pain Intensity Scale was used to

cal cul ate and _record the pain int,en_;i ty of the eo%l,e i_g .this test.

Briefly, npat et EXvioeeericHis (halfinbiatien dasage) Hdhsatshs @tiddporieh™osig 10
nunmeri c sclastan mecesin ¥ HsAedintramngpulanzdMe p deeordinglygheracemmanded chigisilst ant .
18 March 2@f3kge-fadrhuahs®:3 4 5 6 7 8 9 10 O= no pain; 1-4 = mld pain; 5-6=

noderate pain; 7-10= severe pain
P 2.80 ugkgx  (1/5) L2 (60, 70) kg = 28.0 (33.6, 39.2) ug

The TTX effective dosage in the formalin-induced inflammation test in rats is 2.5
pg/mg (IM) (P<0.01). Accordingly, the recommended clinical dosage for humans is:

2.50 pg/kg  x (1/5) x 50 (60, 70) kg = 25.0 (30.0, 35.0) pg

20 It is also possible to calculate the initial clinical dosage based upon LDsp value.
Considering the rtesults of pharmacodynamics studies, the clinical dosage can be
calculated as 1/50 of the LDsg, 50, 60, and 70 kg are used as human body weights,
respectively.

Based upon the results of pharmacology studies and related references, the dosage of
25 TTX for injection used in the clinical study of Example 2 is 30 pg in 2 ml.

EXAMPLE 2: CLINICAL STUDY
A clinical study was carried out from September 21 to October 10, 1999 to examine
the analgesic effect of tetrodotoxin injection (TTX purity 89%, brand name TETRODIN,



Det erm nation of Analgesic Effect 3.1 Pain Intensity Difference (PID: PID
Is calculated by taking the pain intensity nunber before adm figSisrahi Gos
and subtracting the pain intensity nunber at every 5 time point after

adm nistration. 3.2 Pain Relief: After calculating the patient's pain
intensity at each tinme interval, the researcher assesses the pain relief
and assigns a value fromone of the fe@llowng five choices. 0: no relief
10 I: mld relief (the pain abates about 25% I1: noderate relief (the pain

abat es ab%ufcpggy%%%gi II\(JJlanmn é)'lec ﬁ@aﬁ' Prhgllrﬁa%%utlﬁclilk@(j p@h GEQI%X PASLLL 5% IV

conplete r qual ity of
life": Palﬂ?o%lFf”@eﬂléd@V‘é‘?"?l’%alﬁi"@rﬁd”@q‘fﬁ? - 1ife and ability 15 to continue

with their everyday routine. This is generally referred to as their quality
of life. Dependbjectonf sthdy:seRleventlyte aérmi daacd Patienthedluriteeréiblongriekperinenced by
each i ndi vi dualg;l tsn@@NCeA ﬂéattbﬂﬂérﬁpﬂ)ﬂ(@ml%@z[ds%ﬁ%aﬂfo’ldg‘i@b|ekdn§1¥(at10n

depr essison and ﬁgt?m}edqg Sl gpane!at% Hag%ﬁf?ée?%f THshd éfai’ee& Ode pRAANGES 1N

t he patlent s q e.ev on of the anal gesic effect
of any new dr u@cc §‘&dé’FS§dFﬂtef“h%“ ﬁ"ﬁrﬁ‘ﬁ Del ow expr esses t he hi gh

and | ow reference nMEéhe 1y patipme b averremple: L ere Hemale.(Thie oldegt pasiT0yands | £ e
eval uation i s ahsulhegsi 26. | SHue laddlivdnatantére ir date astage. dong gratient elhades on

the patient's q&§ﬁ9b§3¥d09ﬁ5(sﬂnt)otﬁ%u&iba%&$na§ heéahanRd hyapéstspeadid Mived rati on

A RS A R o L s ;g;;jﬁnp“t
ty

qual ity of IifdeRpE ‘tfo‘@““‘%“? F‘Fr?éqﬁ‘é?‘fsy §8tVY*\§|pP§/t°peé%bvte %ﬁgs

(wal ki ng abi | i tophcer. N PREEVas RORIR C@TCH@FEd’é%OmR?B{eﬁ bydiver cangesi ol s@atigte and
housewor k), sl gejpedithisstliaical taal yohintagibyn, rel ati ons with other per sons,
enjoynent of life. Quality of |life was eval uated by subjects thensel ves

bef or e andygveryfy ol dhhed! ! BucdbiRki aﬁe% o, 3@ V@enlqumu ¥ pafiertd f €
![ Egl lﬁge gﬁgdho\ﬂ%r uscuéar{h/ 1Xjefteéjm 30\%% e o t %%1 %i}afw (o%lat si de

enj oyment of | i§vsry W@uﬁm@w&asge@}rfér}?f 2(q tPﬁEdb@ﬁ g)‘?&f’@%% B¢ he

interfere extent of quality of life. 0: Does not interfere 35 1-3: MIldly
i nterferes1h8 Mariedria2®0bvalillioh: 7Foliuwdey dieallipichévalvatiore metldd s desovibed| y

interfere 10: GoiRl ehélayaliddicesifedt 6f Rirddcdoxdn dnIA16pebpi8 Wasldbtermined. This
study did not have a design control group; it was an open trial where both patients
20 and doctors know what drug was being used.

Classification of pain intensity and recording method:

The protocol required that no other analgesic drugs be taken for 24 hours before
participating in the study. Nor were any other analgesic drugs taken during the 3-day
period of the use of tetrodotoxin. Pain was evaluated using the Numeric Pain Intensity

25 Scale, which is described below. Pain was initially evaluated prior to the initial
tetrodotoxin injection. After each administration of tetrodotoxin (at 8:00AM and
8:00PM each day), a research staff member observed and recorded the pain intensity of
every patient at the following 14 time intervals: 5min, 10min, 15min, 20min, 30min, 1h,
2h, 3h, 4h, 5h, 6h 7h, 8h, and 12h.

30 2.1 Recording the method of pain intensity:

For this test the WHO recommended method of 0~10 Numeric Pain Intensnty Scale
was used to calculate and record the pain intensity of the people in this test. Briefly,
patients would self-evaluate their pain based upon a 0 to 10 numeric scale as shown below
and then report it to a research assistant.



Does Pain 5 not conpletely interfere interferes 4. Results 4.1 Anal gesic
effect: Al subjects experienced various degrees of pain reliefigwdrihmnoos0
mn. after the first adm nistration of tetrodotoxin. Sone of themreported
10 noticeable pain relief in5 mn. After 3 days of the twice daily

adm nistration of tetrodotoxin, the pain intensity of all subjects was
reduced to O in all but one patient who recorded a 1. The results
denonstrate that all of the patients, were totally relieved of their pain
for betweermr20=30dags af tFr thg fTNa adrg ni st ati Ofg 01 iget r og@t OXi N on
the 15 3?(’1 day?j Nong of tﬁe paiEi ent '%s shg@wed t’{le sl ?ght etsgt Si gl(r?s of havi ng

any synptons of addiction following the three days of tetrodotoxin
adm nistration. .4 .2 Eff

i 1.2 E ct. on dai | ual i of Life:. The patients reported
that thei r R A 6?"@??’8"96_ s°d§ﬁa&é’3{nez)(%e%eé'fée\yg?]y, ei ther noderately or
severely by the pain caused by their cancer and/or their cancer treatnent
and nedi cation. Duri nlg the three day 20 tetrodotoxin treatnment and for the
fol | owi ng Petepoingtignsof Amplggsiciffgctty” of |ife showed distinct and dramatic
i mprovenenss$ t hedin letessityeBifferdyed (PYR):  Elispdateulated byeteking therpagy Mtangifice t hat
was reduced to fbeF BfBreCidniinibtehtion) Aidf sabededng thAfpaiy inBnsidaiysntet at every

adm ni sty ation tﬂﬁeﬁo%traﬁtgxoatd%ﬁigtrams'[ of the patients could return to a
normal |'1fe. Sone of themreturned to playing the popul ar gane mahjong (a

type 25 of Chinese playing cards) wth healthy people. They.were ahle to go
to the pubPik Pain ek e Al Al tingy fhe patiyny s "‘_t‘HtSFS“Pfaad eB‘@{B‘H%‘P‘%P’%i fficult
to do due to t hie pesearchemassesseputhehpaimusiad 4w aspignt anvalye fiope 0By of Hbén t ook a

| ong j our ney frflfowiiglive chdieesBei jing by train. 4.3 Side effects: 10-20 min
after adm nistr@ti qR.ei@sl the patients felt nunbness or 30 tingling in

their lips, tip,of tlJ . . jsagers and toes. These synptons
lasted &% nost Iabou'{.‘l ﬁh«%}qﬂﬂl‘é‘?}amﬁaggés&foutf e 8@@ W t hout any treatnent. Two
I

a.athen disa
patients who hHd &9 Ff’éeﬁﬂg_q(g‘rcfa’&fagﬁtgﬁ Y ntin experienced nild to
noder at e nausealll:acigmifirant reliefi§ihe prin@bafesrAbeyt{g”Af t er only the first
i njection of telv:ododompilete refef (telpeinglsapprdrsicaingletelydn, t hese synptons did not
appear. Sone of the patients' blood 35 pressure decreased 10-15 mm Hg,

L 0% O Al 00 6 bt oo
tachycar'di a wit ff (’/‘g'rtr‘i“l"? t‘ivdt?’ R se,v?ﬂ'é%y H’lué?f' é[lh 'sleig i g?g}p?éf%%?d:g ‘)#;gtelrr ,
wi t hout needi nguality ot lifeat Rensnding on é’irf'&YﬁE’%F%‘ﬁ e ppiffhat i bEing rRFeRE g%ser ved
when conparing eshriodividoaliincancausetpatiendintel eperieacedirnifgbilitys depresgien and pRplient
adni ni stration @fpetied I QU teaddrchel Mustegnsides any chasges ait the patientis quatipeafdifone

in the evaluation of the analgesic effect of any new drug. The numeric scale in the

20 line below expresses the high and low reference numbers. It should be noted that
this “quality of life” evaluation is a subjective issue and that the research doctor
relies on the patient’s descriptions of any changes (before and after administration
of tetrodotoxin) in their quality of life as the primary means of input for making
this evaluation. Issues that are questioned in regard to the quality of life include,

25 routine daily activity, emotions, mobility (walking ability), normal work (includes
both work outside the home and housework), sleeping state or pattern, relations
with other persons, enjoyment of life.

Quality of life was evaluated by subjects themselves before and every 8
hours after administration.

30 The quality of life includes mood, walking ability, normal work (includes
both work outside the home and housework), and relations with other people, sleep,
and enjoyment of life. The numeric scale in the line below expressed the interfere
extent of quality of life.

0: Does not interfere

35 1~3: Mildly interferes




injection of 30g every 12 hours for up to 3 days. Wth these patients, the
three-day adm nistration of tetrodotoxin was imedi ately effectigvBaidh 2005
reducing or elimnating their pain. 10 5.2 The short course of treatnent
of tetrodotoxin of only 3 days, as conpared to any other strong anal gesic
that nmust be adm ni stered consistently and continuously to be effective,
denonstrates that tetrodotoxin has cang_.derabl e advantages over any ot her
of the currently used anal gesics. 5.3 Rapid effect. Tetrodotoxin takes
effect at 5-30 m7nmﬁ&@{elyq9{g}fgge§tratl on. 15 5.4 Anal gesic effect |lasts

| onger. After aggve fnﬂ:?e W ce daily adm nistration of tetrodotoxin,

t he anal gesic e fﬁ' 0-30 days. No patient reported the

r eappear ance of p PWP Xﬁéﬁr‘gﬁlod fromthe fourth to the twentieth day. In
nost instances the pain relief was effective for the entire 30 day

moni t ori nd perilbd. 525 No 3si gnsA of afidi ctibon or7 wi t hglrawab occypred during
or after treatnent with 20 tetrodotoxin. Al of the other currently used
narcoti c °§Fge5| cs are highly addictive and have untoward si dePaffects.
5.6 Slighthokide effects. The subjects had only slight side eédmgtdtely such as
| ow bl ood intpef@ssur e, nausea and vomiting. Al of the side eff,elgr@res

di sappeared without any treatment within 15 to 60 mnutes. 25 5.

Tet rodot ox4 I‘S‘ﬁ& produced evident detoxification in the patients vvho wer e
dependent aﬁtl n. gﬁtrodot oxi n inmproves the condition of cancer
patients mé‘ S ?céat rribjecty gxnergrsed ¥prpus degresroet nedry Eelighyitkinr ect
effect on any &9 miheafeirthe fisstt sdarinistration of thiondetosin, Someasf thérmeepewdt hat t he
over al [10heal t hnetivdabiepdialrelaf i 5 ude oAfidri3edapabf Matwice ARy FaMiaKRSlion of

substantial |y &sroddieyin e Grali lritéhgiegl opfalltshﬁje&@'vdas fEmd RED inCANGR', 03 18| Mar Ch
nmal e.

2005 -20 I ndi vbg{gﬁiw@%gorﬁ’@eyits Case | 0, is a 44 year oI

devel oped abdom nal al th snoot cle in the
back wall of his Fpa H'T“S TR ?ﬁgﬁggﬁﬁagﬂ%‘m‘amﬁ g%fFé‘?'@éﬂmﬁ g‘é’dure One
year |ater, hi BBA%0 °h30r dayssdlerithg dimalad Qﬁ%pélfﬁtt@@detvxagm the The

pat hol dgi cal ei@rdaMatN@w Offrﬂmnattlbm sshoweidhoglizh@stisigns bEkaddgethytshaptome had

devel oped a sobaldivtion fotlo®irmgAh€ e dayUfWNHASBKIE AMnisth@sLr finding that his
sarconma had spread to his [liver and that he now required and received

anti-cancey, tr t in ct Dol anti.n, because
he coul d ?\‘o bggt% t%e dz‘n@“iu”?%ﬁfﬁf% n TR Bat%tag ﬁte‘?ﬂ@t I GEpjigy o %Bel nj ect
Dol antin at | e¥at atiected rﬂ?gat &b giipr “1°H?fﬂe]é'l ryetreclndy theapdimgauseebiDbbiant i n by
i ntranuscul ar Faiceic apdier, t@ﬁdca‘npﬁatwgﬁnhé mdentedicationus ®uring rthy eleelslay nj ect i on

in ordéf to hatetroddtinn Dodatdnit rand afise thef following aBE-80 .dagd) StheiPlquelity td¥ ben he
recei ved the tﬁid%dQﬁ@%bﬁhrﬁr&%Wﬁnpr(W%meﬁ@%att %@d&&%edle& xFnfie tak ONS of
Dol antin in th?evgfeei\ﬂ{e% ngg)ﬁltaﬂwa ﬁdh%}% c%&'ten m\i’YQ thﬁé sto CTQUSI ng
Dol antin, he e)(igyesre zp(f:mmlsg'm tlo% otn tctroéotoxm, most oq"wﬁe pafvlents could rgtlljxm to a

normal life. Some of them returned to playing the popular game mahjong (a type
25 of Chinese playing cards) with healthy people. They were able to go to the public
bathhouse to bathe, an activity that had become to difficult to do due to the pain

and anguish caused by the cancer. One of them took a long journey from Harbin
to Beijing by train.

43  Side effects: 10-20 min after administration, all the patients felt numbness or

30 tingling in their lips, tip of the tongue, ends of fingers and toes. These symptoms
lasted at most about 30 min., then disappeared without any treatment. Two patients

who had a long history of using dolantin experienced mild to moderate nausea
accompanied by mild vomiting after only the first injection of tetrodotoxin. On

the second injection, these symptoms did not appear. Some of the patients’ blood

35 pressure decreased 10-15 mm Hg, which recovered to normal 40-50 min later




15 whol e body weakness and pain, trenbling when standing up and difficulty
wal king. He voluntarily received tetrodotoxin treatnment. H S pgs March 2005
intensity scale was 8 before using tetrodotoxin. 5 mnutes after the first
injection of tetrodotoxin, his pain intensity on the O to 10 scale
decreased to 0. After 3 days of treatnent, he was able to go to the public
bat hhouse to bathe by hinself. He wentjgto a friend' s hone to play nmahjong.
To the date 20 of this report, he is living nornmally and continues to feel
confortable w g YirdAf [ . 26.vear, ol.d male. He
felt painin hitaséhzlti;:}/f}? té?gga%nﬁ%gg&i%%ﬁggg%%%;ﬁﬁ%gﬁg%gnncg%ly] FQP@’ER cancer.
H's illness progredtliy it vorpine,, fis. alsp Jisappeatgd Jh0-15, sinwies: faker, WHBMi nal

pai n and abdonfFRIMER¥{EHIEYn. He began to use Dol antin and other 25
painkillers to relieve his pain. He volunteered to receive tetrodotoxin

t r eat nent .5. B&foatlasiohdre first adm nistration of tetrodotoxin, his pain

| ntensi gy on thge Ribirks 96:2hEs With Smpitnd BodAEPAL I lesl ABET | N0

tetrodotoxin, his painintensity was quagls'ty was
al so inprao significgntly. After conpleting 3-day's treatnment, he
Fravel oo oyt Lk S SARimistion oEenatiains Farind, (epetivs atlyewedsonehi s
cancer. 30 Cas&igtipg of)Xd0ugieyery ¥3 hpwarfoohp th Snddys. Bhith thas plitiegothied with

rectal cancer d#mek-daynaievinigtrdtion f giodotoxin 4A8 fmmbdiath O fectiey in'rBdicily grancer
spread to her lkiiv@hting#8sir pahn 1 ncreased to where she was having difficulty
dealing with the pain. She voluntarily 35 received tetrodotoxin treatnent.

Her pailg iﬁ]enﬁ]té scal e s reduced to, O from6, within 20 mnutes after
the firdt Thj edtf ShPrbeourss:H Srsamset of teipdotaxingef qnly 3days, pa cempared to| any
decreased to 6°thebsffong aaplgesic thaemfistibsadinrjisered cmsisfentle and dottionously tdt t he
end of the 3 dhysffeative!deamhsteands thititbirddetokindat oxisiierableadvamanes o 419 What
she consi deredonﬁrmh&@fnen@yﬁ@handlégs@s_styI e. 18 March 2005 -21 Case 4 M.
Jinis a 63 year old nale. He suffered fromliver cancer for 8 years. In

the |ast nmont hs, i s [ ad escal.ate o where he could not be
relieved of hi af)@ieﬁt}e]%y ?%50%0 §g‘t§?‘538{ff?fg?&ﬁ T A CRIQUMSEAlOR) nt eered to
receive the tetrodotoxin treatnent. His pain 5 intensity scal e decreased to
0 froml? oWt hénglgeue dffetdyastsf longee. t Afteratl daysxafnhe tveied daiiyt adoinBtratipaadfi ty of
life was al so itewpdossid, stiegamaldesiandtieyt 126188 2030Miays DURGIpati@ntd Rpy¥ & el d

femal e, was di 39B&SMHHof Paih m%%griocﬁfr&ﬁrﬂ&eﬁg gﬁ‘t& e twél%gﬁt P 1oml at ed

w th the | unbagg adual |. se o Pal r re e for
managi ng t he pglllshag%erson? aérreﬁél}r%agﬁgfgc%fa or%n‘?‘ 3@#%?“‘1“50%%@"? st, she
started to_experience pain in her left leg that becane nore and nore
severe. SheS wadNopigns ef adsiiation phwithdrangl eswimed yringtor eficrareatmasnhith | er s,
Tramadd®0, Pent detodotoginandllbbthentiencudtenilygsed harsotii axalgegidataishighyr i ng this

sanme si x nont haddikeewas hilicagRartsidd dffacigancer that was initially of

5.6  Slight side effects. The subjects had only slight side effects, such as low blood
pressure, nausea and vomiting.  All of the side effects disappeared without any
treatment within 15 to 60 minutes.

25 5.7  Tetrodotoxin also produced evident detoxification in the patients who were
dependent on dolantin.

5.8  Tetrodotoxin improves the condition of cancer patients during their treatment.
Tetrodotoxin does not have any direct effect on any of the cancers themselves.
However, it was observed that the overall health and mental attitude of the patients

30 improved substantially as they were relieved of the pain from their cancer.



the liver, and had netastasized to bone cancer. The bone cancer was | ocated
in the L3, L4 15 and T11 vertebrae and was evi denced by the predéntacbf2005
osteolytic lesions. Ms Duang volunteered to receive tetrodotoxin
treatment. Immediately prior to starting the tetrodotoxin treatnent, her
pain intensity on the O to 10 scale was 9. Ten mnutes after her first
injection of tetrodotoxin, her pain injensity decreased to 7, and 20

m nutes after her first |nJ ection, her pain intensity decreased to 2. At

t he concl u 20 treatnment with tetrodotoxin her pain was
entirely e d(r?n‘n?\lg cg?&‘%gsuﬂ@ Li is a 72 year old femal e who was

experi enci ﬁ@s a?bdom nal di st enS| on and poor appetite. Wien an initial
treat ment di dvndtac iskaeddyeasold male. uBerdgydoned abdeminalapainmandivas fiagnoatskonen
was done awith sheothastuscle pginds eteb Baok hvall of hisreeliac fof whidk hé undsiwertiarsugiacer 25

appear ed; t grob&iufee! (ﬁ¥%aﬁfa§e’?rh1§ rae@&nfe.n,sanbyel SRETHUDRE JRY oFé}yﬁed R@ragafRdom nal
di st ensi on-rgh athq? 1ca'ine)Pa 1n:tj§e ogeratloI%%e\;each %ha?F‘x z?J (%evgle t eSt use

of tetrodotoXx |eve her

pai n. She ¥BPQihIYE e “‘t°8‘a XPéarf’%‘P?)oEB‘f Sw‘i?ﬁg H‘E‘F ‘é‘gt“’r‘@%’fa haq sprgaditohisipt o
reduce her lipatiand thuthsrrovw pauizedriend sqceiyed enti-edncerctreagient dghamothesapy). ddd n
I ntensi ty bepah lb@infect Dolhbitiig dhatamsevhs cotld detrbesn thelteysregfairein lhabdomeri iédd her

first 3@ - nédabeftihjest ladtmtak edgtsqnhés,peh@ery P &itiallyHe GhS wdngs‘ﬁebelam&by educed

to 0. Afteg g ?c)(ﬁsar %?c&&g Ql‘i H@ﬁe@dédﬁ& 'i:gedﬂfg%hghs 1§JQ& P@l@%car ry

on with her recover

2 36 yoar dIPIENE kg HHRORER T e o og ﬁ%”?%tf’x‘eaﬁaw

pain in théad ebqwebwonmecmef H‘éﬂm? indheprewgus monthre rAt the begmnings hery | | eved
of hi s pai he btpppadnisimgridalaniinahe expesiended mprpiinetlikeawithdrawaliesymplomst sieh esl t o
recei ve14 etwhoRMody iweakreShn®pdin, trefitdiviy When kAndihg up dfd @ifftulet walkingfHe
L?LL?S@‘ gij ‘le’untth r@lé’équbtfl' t?&&db%dxw u@dhnkmeﬂ% patn %Qerﬁﬁ?ls@dlé’\@ﬁs §- befotTéNﬁma y vas
reduced o’ °d‘i‘§x‘N/a 5&1%%“53%%{39%&%?9&?&5 Bk eihdkin, Msmelithlpbi O RIRLA Y T80
his pain i i A% srals decreapqd ok g Affer 3. daxs P&F‘C@“G‘&yge 8)1“5 a‘?‘Pé%ngﬂé?\fherﬁ WQual ity
of |ife hadathhgnseiadehthe byrhimsedintHowent dha &iendg home e play arabiosg. Todhsdatg v .
Cheng i 30 a of thigreport, Gt i livitligmoridlywnd colitingesas Gl vdnifbrtahke withats anybpain.

adr eno- car ci noma of the stomach and received surgery to renove the cancer.
Three nont fter the operatlon hi s abdonmen becane di stended and he

started to experje rea n can showed that the
cancer had f uPt M&‘r & éﬁ% e? 0@;3?‘5‘%%? %ﬂW? p E}}%@“ ’}r%@% Wa:itﬁlsj’(gﬁ?sﬁé
cavity and Wihradnansediber cmcex/oﬁum lneysquogressedsloathees he qouldorns beatithe sev@at ment .
Prior to ttbddmingt paidnandi sbdoamtinandistentioat r dfkotbegdnn to hisg Pelamtin mbdrmdhery 10 on
the 0 t@s51Gahkidks tvadicBe hibVRL. Y HE volaitdefd tb R¢ceivk itdifhdb®kinOekatment. /Bdiors pai n
| ntensi ty ﬁ&ﬂsﬁamﬁ BPtedeﬁMlﬁrmépaf;lamenslb%ttﬁ@bttoﬂoescmeway@r&dm&o what
he consi der ecdong day PofR mjecting tegodo%m his pain intensity was reduced to 0. His life quality
was also improved significantly. After completing 3-day’s treatment, he traveled by train
from Harbin to Beijing for further treatment of his cancer.
30
Case3
Ms. Xie is a 76 year old female. She was diagnosed with rectal cancer and
underwent surgery in 1996. In 1998, her rectal cancer spread to her liver. Her pain
increased to where she was having difficulty dealing with the pain. She voluntarily
35 received tetrodotoxin treatment. Her pain intensity scale was reduced to 0 from 6, within
20 minutes after the first injection of tetrodotoxin. Her quality of life score also
decreased to 6 from 10 after the first injection of tetrodotoxin. At the end of the 3 days
of treatment with tetrodotoxin, she recovered to what she considered to be her normal

life-style.
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20 treatment with tetrodotoxin her pain was entirely eliminated.

Case 6
Ms. Li is a 72 year old female who was experiencing abdominal distension and
poor appetite. When an initial treatment did not take effect, an ultrasonic examination of
her abdomen was done and she was diagnosed to have cancer of the liver. Her cancer
25 appeared to be relieved after treatment by chemotherapy, but her abdominal distension and
abdominal pain became worse. By the start of the test use of tetrodotoxin the painkillers
that she was using could not relieve her pain. She volunteered to receive tetrodotoxin
treatment in an attempt to reduce her pain. Before the administration of tetrodotoxin, her
pain intensity on the 0 to 10 scale was 7. Ten minutes after she received her first
30 - injection of tetrodotoxin, her pain intensity scale was reduced to 0. After 3 days of
treatment with tetrodotoxin, she was able to carry on with her life as if she had recovered
back to normal.

Case7
Mr. Li is a 36 year old male, who was diagnosed with advanced liver cancer. The
35 pain in the region of his liver had increased to where he was not relieved of his pain by
intramuscular injections of Dolantin. He volunteered to receive tetrodotoxin treatment.
Previous to the administration of tetrodotoxin, his pain intensity on the 0 to 10 scale was 7.
Twenty minutes after the first injection of tetrodotoxin, his pain intensity was reduced to 3.
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After the third injection of tetrodotoxin his pain intensity stabilized at 0. After 3 days of
treatment his quality of life had improved significantly, achieving 0 interference.

Case 8

Mr. Cheng is a 60 year old male. He was diagnosed with mucinous

5 adreno-carcinoma of the stomach and received surgery to remove the cancer. Three
months after the operation, his abdomen became distended and he started to experience
severe abdominal pain. A CTscan showed that the cancer had further extensively spread

to his lungs, liver, abdominal cavity and lymph nodes. He volunteered to receive
tetrodotoxin treatment.  Prior to the first administration of tetrodotoxin, his pain intensity

10 on the 0 to 10 scale was 8. Twenty min after injecting tetrodotoxin his pain intensity

scale reduced to 0. After 3 days treatment he recovered to what he considered a normal
life.

Case 9
Mr. Shi is a 59 year old male. He was diagnosed with carcinoma of the esophagus
15 after one year of consistent retro-sterna pain that eventually became dysphagia. This was
so severe in the last month that it was causing him to vomit after eating. After having
surgery to remove the cancer, his pain was severe and was not relieved from the regular
injections of Dolantin that he was prescribed. He volunteered to receive tetrodotoxin
treatment. Prior to his first administration of tetrodotoxin, his pain intensity on the 0 to
20 10 scale was 8. After the second injection of tetrodotoxin, his pain intensity was reduced

to 0. Following the 3 days of tetrodotoxin treatment he had recovered to what he
considered a normal life.

Case 10
Ms. Liu is a 69 year old female who, three years after her operation to remove
25 stomach. cancer, found that the lymph node of her left cervical was swelling. A
pathological examination showed that her stomach cancer had spread to the lymph node.
For some time before she volunteered to receive tetrodotoxin treatment, her pain had
increased to where she had difficulty dealing with it. Before the first administration of
tetrodotoxin, her pain intensity on the 0 to 10 scale was 9. Three hours after the first
30 injection of tetrodotoxin, her pain intensity scale reduced to 2, and after 3 days of
treatment with tetrodotoxin, her pain intensity scale stabilized at 0.

Case 11
Ms. Tan is a 52 year old female whose rectal cancer relapsed one year after she had
undergone surgery. The lump in her perineum was abscessed. The regional pain was
35 extreme and was accompanied by headaches and dizziness at times so severe that she
could not speak. She volunteered to receive tetrodotoxin treatment. Before the first
administration of tetrodotoxin her pain intensity on the 0 to 10 scale was 7. One hour
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after the first injection of tetrodotoxin, her pain intensity was reduced to 0. At the

completion of 3 days of treatment with tetrodotoxin she recovered to what she considered
a normal life.

The results for the typical cases are summarized in Table 3.
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ON NOCI CEPTI ON I N RATS AND M CE Test Materials: TTX, pure powde, MgahcRO0S
no. 960510, supplied by Dalian Ao Sen Pharnmaceutical Plant, Liaoning,
China. It was diluted with distilled water to required concentrations, and
5 the pH was adjusted with acetic acid to 4-5. d acial acetic acid,

anal ytically pure, |Bei |1 hg 52953 an{, Batch |o. [910613.
Formal in 40% | superii o puritly, B Chemgal pl ant, | Batich No.
950712. Aspifin pduwdé&r, {purligy PhapnBlceuti ¢gl Factlory, Batch
No. 9205292. | 1@Hydf dch Erioﬁm i | Eharéraceysi cad Hactory,
Batch No. 9608043 Ar §al 5 Kehmi 2 §§ ppl i 3@ tlhe Ani nal
Centre of the :EZI;ne 2AC Eengof n¢ess alig certlificate No.:
Jing Dong Guaff?Zf (19&4) |929“ W 04248 hallf ofZedch sex,
supplied by the Ex‘_[:eri ment al | Ani artment| Beij|ing Nedi cal
Uni versity. Qiﬁlitg certificjate ng|GQuan Zi {(1994) {092. 3.1
Acetic acid-i m@@gvrit L,Ng| 4 es ce|yerg, randgm y_divided into
TTX-tested gr )Qp"é,g positive cont (Aspirjn and Meperifine) and
negati ve cont Al oup (mornpl 9 m ¢e were 20 fasted for 12
hours before {he tgst. and all ov watler _gd-lihitum TTX was gi ven
sc or im, angd,40 41i nutes | ater, ijc a¢id (0.1m|/10¢g) was gi ven
i.p. as a cheﬁécgls stimyl usf Th i ncifdenge injthelmce were
observed ang Eo@@e@l wi fi n|\¢ hg ~15 {®i nwbes. |Fhelwice i n nornal
sal i ne (NS) sgp'8up,flaspirin gfoup idime gfoup wereltrejated the
same way. Thy Rir i i ng imcidencs X goupp 25 Were|conpared to the
control gro@p|g,and [fhe T¢I To ng S used [0 calfjcurate the
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i nci dence i By f mtrol |grolp -|—that of—t her TR g%oup)?gth-e w it hing
i nci dence i 1 trol {grolp 100% The nedi um i phi bitli on|dosge, |D50, was
cal cul at ed @i ng the Logilt npthdd. |30 See |Tablles # and |5 for the results.
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18 March 2005 -26 Table 4. The 1D50 values of TTX aspirin and neperidine
in mce withing test (sc) Nunber of Withing Percentage of 1D5Q8andtcfi526005
Groupsani nmal s incidents inhibition Confidence tested (n)(%Ilnterval (n)
NS2016.7 TTX 4t g) 1.02012.525.2 2.5208.946.72. 68 5.0206. 958. 72. 323. 53

10. 0202. 882. 2 Aspirin (ng/kg) 1002015. 018. 9

200209. 9646. 2198. 8 300205. 6669. 4(181.-25217.5) 400202. 785. 4ngt kg Meperi di ne
m 1.02014.223.21.8 1.62.1 2.0208. 255. 6ng/ kg 3.0206. 167.0 4.0203. 183. 2

5. 0200. 31$XAMPREI3e EFFPETSHOTYX ONNOCIGHIDTION BN RATS ANDIMECEY i t hi ng t est

(im NunbefesPMefed@fs: | Nhi bition 1 D50 (95% G oupof Withing Rate

0 : . .
(% Confi dence lff'k?f;l}/realpgw er},l brg?cslhstllongéog?&tsﬁpplied by Dalian Ao Sen Pharmaceutical

Plant, Liaoning, China. It was diluted with distilled water to required concentrations, and
5 the pH was adjusted with acetic acid to 4-5.

Glacial acetic acid, analytically pure, Beijing 52952 Chemical plant, Batch No.
910613,
Formalin 40%, superior purity, Beijing No.3 Chemical plant, Batch No. 950712.
Aspirin powder, purity 99%, Xinhua Pharmaceutical Factory, Batch No. 9205292.
10 Hydrochloric morphine, Qinhai Pharmaceutical Factory, Batch No. 960804.

Animals _

Kunming mice, 18-22 g, supplied by the Animal Centre of the Chinese Academy
of Medical Sciences. Quality certificate No.: Jing Dong Guan Zi (1994) 029.

Wistar rats, 180-240g, half of each sex, supplied by the Experimental Animal

15 Department, Beijing Medical University. Quality certificate No.: Jing Dong Guan Zi
(1994) 092.

3.1 Acetic acid-induced writhing test in mice
Mice were randomly divided into TTX-tested groups, positive control groups
(Aspirin and Meperidine) and negative control group (normal saline). The mice were
20 fasted for 12 hours before the test, and allowed to drink water ad-libitum. TTX was given
sc or im., and 40 minutes later, 0.6% acetic acid (0.1ml/10g) was given i.p. as a chemical
stimulus. The writhing incidence in the mice were observed and recorded within the
following 15 minutes. The mice in normal saline (NS) group, aspirin group and
Meperidine group were treated the same way. The writhing incidences in the TTX groups
25 were compared to the control group, and the following formula was used to calculate the
inhibition rate of TTX on writhing:
Inhibition rate (%) = (the writhing incidence in the control group — that of the TTX
group)/ the writhing incidence in the control group x 100%
The medium inhibition dose, IDso, was calculated using the Logit method.
30 See Tables 4 and 5 for the results.
As shown in Tables 4 and 5, the analgesic potency of TTX is similar in different
routes of administration. The analgesic effect of TTX was much stronger than that of
aspirin, and was 670 times stronger than meperidine.
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400202. 790. 6 18 March 2005 -27 3.2 Formalin induced inflammation test in
rats Wstar rats were randomy divided into a TTX-tested group, positive
control group (Morphine) and a negat-kge control group (normal saline). The
rats were fasted for 12 hours before the test, neanwhile allowed to drink
wat er ad- ITabiet4y MThe IDoviahresaf T'lTXy\mnﬁl ambnielwlduknan ;nacmwslthlngthGS(SC)TTX was

I nj ected j—m—or—s—e—+n-the M@E\ﬂt' g-erent uua atrg LTﬂﬁlgss/lle wer e
cl

held in 20 cm x 20 anR“_‘?Br gas e 0 g?ﬁ e Forty
mi nut es ||d¥%BPS 0. 06 i ABIMRY Foy n'ﬁ 8"5 c i oflﬁ eaF?ant ar
I'he

surface df the right| Hested pajv of response§ he rlats,
such as || _cki ng/ gna nﬂ (n)\l\ﬂ tchin L ffl nn the{¢i ghlt KA paw, wer e
observed |and _Mordef i nZQ he faoll (’\ﬁﬂnr‘ 5im nut gg_parn 10 +response| scores
wer e cal cul ated usi ng the f ol | owi @IK )a. Pain response score =

| i cki ng/ gnawi g ti ne| (se2) x B + ti@iS chi hg oc@blrencds x 2/3 + Lif}ing
time (sec). Thesrats|in 2he nprnal89aling (NSH64roup |and nok-@hi ne gfoup
were treaf€d spmlafly.20he {nhibgpion fate 68.7TTX dn p#2.B2+XEPonses was

cal cul at ef oy Todo Tnhibigpon rate §%) = (the awearage |of thegkgi n regponse
scor es of -the——contT0l group - Thalpigh (hpRg) TX group) 7 the average)of the
pai n resppnse 60T TS bne FOTIT Tl grogp X 1ge% e medi an 1 nhibltion
dose, | Dopr—smat-cutat ciouy the t thod -46.2oC€ @bl €s 1ggand 7.120
Tabl e 6. [Fhe—* ,0 valhtesopsc)of '5'55 armd-{ivor prbgqe T FOrMRL et |n rats
Nurber Sce+es 0 Hahitbi-t 525.. & uup\z-l.l antTetsPEsTy mg/kg
Meperidine (mg/kg)

1.0 20 14.2 23.2 1.8 (1.6~2.1)

2.0 20 8.2 55.6 mg/kg

3.0 20 6.1 67.0

4.0 20 3.1 83.2

5.0 20 0.31 98.3

Table 5 The IDsg values of TTX, aspirin in mice writhing test (im)

Number Average

cy Inhibition IDsy (95%
Group An;)nflals }Zlc.;:ll::x?t% Rate (%) Confidence Interval)
NS control 20 28.2 --
TTX(ng/kg)
1.25 20 20.9 25.9
2.50 20 15.7 439
5.00 20 9.4 66.7 2.80(2.37~3.26) pg/kg
10.00 20 32 88.7
Aspirin (mg/kg)
100 20 22.1 21.7
200 20 14.3 493
300 20 7.2 74.4 (16 4'9~;g;:§) me/ke
400 20 2.7 90.6




rate /ol D50 (95% Cl) responses NS control 8237.5 TTX (gfkg) 0.38186.421.5
0.68132. 944 1.25872.169. 60. 82(0.661. 00) 2.5867.371.7.tg/ kg 5. 0848.182h62005
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5. 0846. 180. 6ng/ kg 10.0813.194.2 18 March 2005 -28 Table 7. The |1D50 val ues
(im of TTX and Morphine in Formalin test in rats G oupsNunber of Scores of
pain Inhibition rate 1 D50 (95% Cl) anifal sresponses(% NS20203.6 TTX (gl kg)
0. 2510152. 725. 00. 93 0. 5010116. 043. 0( 0. 561.56) 2.501057.271. 99/ kg
5.01048.576.2 10.01045.977.5 Morphine (ngl kg) 2.510131.235.6

3. 51051 634 G214, 5,84030 ‘gngét'iﬁ'r %_)ﬂg 51022. 788. 9ngl kg 8. 0105. 291. 0
a an

As shown in es Lgnifi i
oo e A ot R - 2B DR S S a2l 0
times st r diMgarhine} apd amegasive tronwolgrowuetnal falings alle matst werenfastad) far 12
i nj ecti on,honsdpferd theabsy, m&andhilaiallewdd tokdrinkstateriad-libithm. 2.5% Formalin was
5 used as the pain stimulus. TTX was injected i.m. or s.c. in the rats at different doses and
then they were held in 20 cm x 20 cm x 20 cm clear plastic boxes for observation. Forty
minutes later, 0.06 ml 2.5% Formalin was injected s.c. in the plantar surface of the right
hind paw of rats. The pain responses of the rats, such as licking/gnawing, twitching, and
lifting the right hind paw, were observed and recorded in the following 5 minutes. Pain
10 response scores were calculated using the following formula:
Pain response score = licking/gnawing time (sec) x 3 + twitching occurrences x 2/3
+ lifting time (sec).
The rats in the normal saline (NS) group and morphine group were treated
similarly. The inhibition rate of TTX on pain responses was calculated by:
15 Inhibition rate (%) = (the average of the pain response scores of the
control group — that of the TTX group) / the average of the pain response scores
of the control group x 100%.

The median inhibition dose, IDsy, is calculated by the Logit method.

See Tables 6 and 7.
20
Table 6. The IDsq values (sc) of TTX and Morphine in Formalin test in rats
Number | SORRCL 1 on
Group | of animals resll’mnses rate (%) IDs;, (95% CI)
NS control 8 237.5
TTX (ng/kg)
0.3 8 186.4 21.5
0.6 8 132.9 44
1.25 8 72.1 69.6 0.82(0.66~1.00)
2.5 8 67.3 71.7 pe/kg
5.0 8 413 82.6
Morphine (mg/kg)

0.6 8 210.7 11.3
1.25 8 190.7 19.7
2.5 8 158.2 334 2.63(2.32~2.98)
5.0 8 46.1 80.6 mg/kg
10.0 8 13.1 94.2
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As shown in Tables 6 and 7, TTX and morphine both had significant analgesic
effects in the Formalin test, while TTX’s analgesic effect was 3200-2900 times stronger
than morphine by subcutaneous and intramuscular injection, respectively.

3.3 Tail-flick tests in rats
The analgesic effects of TTX and morphine on thermal-induced pain were studied
by the tail-flick test in rats.
Rats were randomly divided into 7 groups, each consisting of 8 rats. The rats were
fasted for 12 hours before testing, but allowed to drink water ad-libitum. A rat was
immobilized on a tail-flick algometer, and then a loading electric voltage of 12 V was
applied to a light bulb as a thermal stimulus to the tail end of the rat, and the tail-flick
latency was recorded subsequently. If a rat did not respond within a period of 5-8 seconds,
it would be rejected. The testing was performed after TTX was injected. If the pain
threshold rose so high, such that the rat failed to flick its tail within 20 seconds of
exposure to the stimulation, the illumination would be terminated to avoid blistering and
damage to the skin. In such a case, the latency was considered to be 20 seconds.
The results showed that TTX, at dose levels of 1.25~5.0 pg/kg, produced pronounced
analgesia effects on thermal induced pain in the tail-flick test in rats, but did not at lower

dose levels of 0.3~0.6 pg/kg.

These effects were less potent than morphine (see Table 8).



anal gesic effect |asted about 2 hours (see Tables 9, 10, 11, 12). Table 9
The tine-effect relation of TTX in the nouse withing test (sc) 1B n&Erdf pess
dosing (mnutes.) 153060120180240300330 AW9.9 8.74. 6.0 16.9 7.6 18.5
18.6 22.8 9.405.514.411.713.411.110.1 |1 R64.969. 178. 740. 172.534.034.019.1 P
val ue<0. 01<0. 01<0. 01<0. 05<0. 01<0. 05<0. 05>0. 05 AW Average witing

I nci dence. Conpared to the NS group, -28-212.4.n=20 IR Inhibition rate % 18
March 2005 -30 Table 10. The tine-effect relation of aspirin in the nouse
withing test (ig) Time after dosing (mnutes) 1020304070100130 AW' 11.4
10. 9 1. 98 Ehbli 8.6ABalgdsich effdet8 o TTXD add nibipHihe 43. thrihal-induced pains in the

| R38. 441\./\3%?_#%3&35‘%65. 937.136.2 P val ue>0. 05<0. 05<0. 01<0. 01<0. 01<0. 05>0. 05

Aver age MI88nce of the NS group, 18.56.4, n=20 Table 11. The
time-effect relation of TTX Ifn the nouse withing test (im Tine afjer
dosing (njnutes) GRP60120180240RamMBeofAMmMAls 4 8. OLhteficylBimé (minutes)
Normal saline control 8 7.6+3.8
TTX (ng/kg)
0.3 8 83+3.7*
0.6 8 10.3 + 4.9*
1.25 8 139+ 4.2%*
2.5 8 17.0 &+ 3.5%**
5.0 8 17.3 & 3 8¥%*
Morphine (mg/kg)
5.0 8 ' >20
X +SD
*P>0.05
5 *¥*¥P<0.05

***P<(0.01, compared to the normal saline control group.

3.4 Study of analgesic time-effect relation of TTX
The analgesic time-effect relation of TTX and aspirin was examined by
10 administering TTX (sc or im) and aspirin (po) at doses twice their IDso values, 6 pg/kg
and 400 mg/kg, respectively, in acetic acid-induced writhing tests in mice. The results
indicated that dosing TTX by different administration routes (im or sc) produced similar
results. The onset of TTX’s therapeutic effect was 15 minutes, reached a peak effect at 1
hour after dosing, and its analgesic effect lasted about 5 hours. Aspirin started
15 therapeutic effect at 20 minutes, reached a peak effect at 30 minutes after dosing, and its
analgesic effect lasted about 2 hours (see Tables 9, 10, 11, 12).

Table 9 The time-effect relation of TTX in the mouse writhing test (sc)

Time after dosing (minutes.)
15 30 60 120 180 240 300 330
AWI' |99+ | 8744. | 60+ | 169+ | 7.6+ | 185% | 186+ | 22.8+
9.4 0 55 144 11.7 13.4 11.1 10.1
IR’ 649 | 69.1 | 787 40.1 72.5 34.0 34.0 19.1
P value | <0.01 | <0.01 | <0.01 <0.05 <0.01 <0.05 <0.05 >0.05

AWI  Average writing incidence. Compared to the NS group, 28.2+12.4.n=20

IR Inhibition rate %



8.8 10.5 15.7 22.3 8.25.34.17.16.15.85.09.8
| R63. 271. 680. 944. 368. 862. 844. 320.9 P
val ue<0. 01<0. 01<0. 01<0. 05<0. 01<0. 01<0. 05>0. 05 Average writhing incidence of

t he NS group,

28. 2

14.

3,

n=20 5 Table 12. The ti ne-effect
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relati

on of

aspirinin the nouse withing test (ig) Time after dosing (m nutes)
102030456090120150 AW 19.5 17.7 5.5t -802t 10.2 14.4 19.3 22.8

11.79.21.22.73.65.83.19.7 1030. 837.280.670. 963. 849. 031.619.3 P
val ue>0. 05<0. 05<0. 01<0. 01<0. 01<0. 01F <0.05>0.05 28.2 n=2
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239 L eq. 198+

63+

11.6 +

11.8+%

9.9
384
>0.05
Average writhing incidence of the NS group, 18.5£6.4, n=20

10.1
41.1
<0.05

0.2
89.2
<0.01

1.4
65.9
<0.01

2.5
37.1
<0.05

9.5
36.2
>0.05

IR* 74.1

<0.01

P value

Table 11. The time-effect relation of TTX in the mouse writhing test (im)

Time after dosing (minutes)
60 120 180
54+ 157+ | 88%
4.1 7.1 6.1
80.9 443 68.8
<0.01 <0.05 | <0.01

15
104 %
8.2
63.2
<0.01

30
8.0+
53
716
<001

360
223+
9.8
20.9
>0.05

240
105+
5.8
62.8
<0.01

300
157+
5.0
443
<0.05

AW

IR®

P value

Average writhing incidence of the NS group, 28.2 + 14.3, n=20

Table 12. The time-effect relation of aspirin in the mouse writhing test (ig)

Time after dosing (minutes)
30 45 60

55+ | 82+ | 102+
1.2 2.7 3.6
80.6 70.9 63.8

<0.01 | <0.01 | <0.01

10
19.5 ¢
11.7
30.8
>0.05

20
17.7%
9.2
37.2
<0.05

90
144 %
5.8
49.0
<0.01

120
193 ¢
3.1
31.6
<0.05

150
228
9.7
19.3
>0.05

AWT'

IRZ

P value

Average writhing incidence of the NS group, 28.2+14.3, n=20

Example 4: Physical Dependence Study with TTX in Mice, Rats and Monkeys

The physical dependence potential of tetrodotoxin (TTX) was studied in three
species of animals and four animal models. Kuiming mice, Wistar rats and Guangxi
monkeys (sub-species of Rhesus monkey) were used in this study.

10



M ce: 20-25 g/ea. Monkeys: 3-6 kg/ea. 5 Gender: Rats or nmice: half nale,
hal f female. Monkeys: either sex. Nunbers of animals per group:18 Rdr®: 2005
10/ sex/ group. 10 Rat: 5/sex/group. Mnkey: 3 - 6. Volune adm ni stered per
animal: Mce: 0.1 m/perl Qg body weight. Rat: 0.2nl/100g. 15 Monkey: 0.1
ng/ kg. Material: Tetrodotoxin powder, batch no. 950314, supplied by
Dalian Ao Sen Pharnaceutical Plant, ljjaoning, China. 4.1 Precipitate
junping test in mce: Mce were randomy divided into two TTX groups (5.5
g/ kg and 11.5 Qﬁolﬁ?)wei pe norphine group (constantly dosing norphine 20
ng/ kg) as a pomt'v& de’ o aand one 20 normal saline (equal volune of
NS) group as a nega 'a_\tfe COo % . All those agents were .given

subcut aneously 3 ti me:éoﬁéﬂe&nd dosed constantly for 7 days, respectively.
At day 8, 10 ng/ kg Méiksys: 3% kgmaphi ne recept or antagoni st, was used to
precipitsate W tdgigemal at two hours after the |ast admnistration, then

the junping inci denq&tsag}gniwgaljfum,ﬁlgfifehgguency were recorded. The results
showed t hat data Obt@%l@ie _fel r rtpxe nor phi ne group were 25 significantly
different fromthose Obrafed tor the TTX group and the NS control group,
but no signifi chiwmbers pfavmgReNgEWPohser ved bet ween the TTX group and the NS
control group. Thi sMicadi0fssx/geouphat, at the dose levels used in this study,
TTX admygi stered sugd/esngeoply to mce for 1 week at a constant dosage

yi el ded the sane resyhhigyas.pormal saline, as neither of them produced

153 Conpart Zikcg’?“ﬁgﬂﬁ%ﬂﬁéﬁ%h‘f}gs%‘ffﬁ %ng ®adm ni atered TTX. norphi ne and

NS GroupNo. of M cedMifsi g ™RHIPRECPET B ncerr equency (n) (% XSD

Mor phi ne2090. 019. 716Ra: ¢2mbIPg0+ 0. 802. 20*
15 Monkey: 0.1mVkg.

Material:
Tetrodotoxin powder, batch no. 950314, supplied by Dalian Ao Sen Pharmaceutical Plant,
Liaoning, China.

4.1 Precipitate jumping test in mice:
Mice were randomly divided into two TTX groups (5.5 pg/kg and 11.5 png/kg), one
morphine group (constantly dosing morphine 20 mg/kg) as a positive control, and one
20 normal saline (equal volume of NS) group as a negative control. All those agents were
given subcutaneously 3 times a day and dosed constantly for 7 days, respectively. At day 8,
10 mg/kg Msoso, a morphine receptor antagonist, was used to precipitate withdrawal at two
hours after the last administration, then the jumping incidence and the jumping frequency
were recorded. The results showed that data obtained for the morphine group were
25 significantly different from those obtained for the TTX group and the NS control group,
but no significant difference was observed between the TTX group and the NS control
group. This indicates that, at the dose levels used in this study, TTX administered
subcutaneously to mice for 1 week at a constant dosage yielded the same results as normal
saline, as neither of them produced signs of physical dependence in mice (Table 13).
30



TTX (hi gh dosage) 2010. 0*#0. 702. 70* TX (| ow dosage) 2010. 0*#1. 303. 90* Not e:

* P<0.05 conpared with norphine 5 4P>0.05, conpared w th nornal bhManeh 2003
Precipitate withdrawal test in rats Rats were randomy divided into two TTX
groups, one norphine group that was used as a positive control, and one
normal saline (equal volunme of NS) group as a negative control. The dosing
schedule is followi ng: TTX group dosagds started from 1.5 g/kg and 10 3.0
.tg/ kg, respectively. Dosages were progressively escalated to 9 and 12

pg/ kg for day 7, respdaebleddt Gompadsomed prnpiag gesylipingicegi ven 5, 10, 15, 20,
25, 30 and 35 ng/kg , esc A . Normal saline (equal
vol unme of NS) was used as ghﬁ%néégﬁe{l/gq‘)ggﬁbﬁ@??gﬁﬁx hese doses V\&Le(g?ven
subcut anepusl y times a dai(r @t %gy B, 2 Jugpibg V6050 wdsmpied t o
precipitate w tif"Bwal af 2" Rolir's"after t Iecidense adivi ni sFreguéres, then the
15 wi thdrawal reactions and body wei ght | osgsyere nmpnitor@hSDyhe resul ts

showed t hat T sgores 1gr Wwthdrawal [ S t and bod | oss| for
ngg)%me 961 ynpt g4'p fhnymi@hgfﬁs, b

both the TIX oups-twere-simlarito-thosefor—fhe NSgred wer e
markedly |l ower NBan the|scored®obserVed f A% he nodphi n®8%2A0n  The
di fferencé Wax (highdesae® He veRQ significadfOf$h<0.0]). THA&R syt
i ndi cat e {harX {loX ddsagenot| prodate a physi cdD.028 dependentd0+¥¥onsefin rats
-when adm nigfeer ed subcutaneously at the doses used in the test (Table 14).
Tabl e 14: Conparison of precipitate withdrawal scores in groups treated

with TTX, ﬁﬁ’%ﬁ?ﬁ@“&ﬁﬁdw Score of withdrawal Score of body weight

| 0ss psypiesR). dsMesipatdBamaldmiRaRfel ne7. 381. 1610. 002. 60
NSO. 401. 20*0. 000. 00* TTX (hi gh dosage) 0. 300. 90*#0. 000. 00*# TTX (| ow
dosage) 0. 200. 60*#0. 000. 00*# 18 March 2005 -33 Note: * P<0.01 conpared with
mor phi ne  #R¥Fretipitate myithidegivalit¢shimmatsral saline 4.3 Precipitate withdrawal
test in nonkegal WHR¥SmIYRIGdeaSEb gRE U TKpréupIPsRthdiphipogiotp tat wanised!
group, a ngg el &al %ﬁ,% ong %gﬂ'ﬁz{l\égli&%&ﬁa@ lyoRRUT N§Elodp I K nBgsive. and
each group c\é\il?trol.é}l%see osing rsal%d&ltla Eget%llc?wing:yTI()?tgroup dosages started from 1.5 pg/kg and
10 3.0 pg/kg, respectively. Dosages were progressively escalated to 9 and 12 pg/kg for day 7,
respectively. The morphine group was given 5, 10, 15, 20, 25, 30 and 35 mgkg ,
escalating the dose each day. Normal saline (equal volume of NS) was used as a negative
control. All these doses were given subcutaneously 3 times a day. At day 8, 2 mg/kg Msoso
was used to precipitate withdrawal at 2 hours after the last administration, then the
15 withdrawal reactions and body weight loss were monitored.
The results showed that the scores for withdrawal symptoms and body weight loss
for both the TTX dose groups were similar to those for the NS group, but were markedly
lower than the scores observed for the morphine group. The difference was found to be
very significant (p<0.01). These results indicate that TTX did not produce a physical
20 dependence response in rats when administered subcutaneously at the doses used in the
test (Table 14). '

Table 14: Comparison of precipitate withdrawal scores

in groups treated with TTX, morphine and NS.

Group Scor;;;v;:)l:g:awal Score of body weight loss
(MeantSD) (MeantSD)
Morphine 7.3811.16 10.00+2.60
NS 0.40+1.20* 0.00+0.00*
TTX (high dosage) 0.3010.90*# 0.00+0.00*#
TTX (low dosage) 0.20+0.60*# 0.00+0.00*#




08:30, 14:30, and 20:30). A norphine dependence nodel was created by
progressively escalating the dosage. The dosage of norphi ne wadgsnairtha?oosd
at 3 ng/ kg for three days, then escalated to 6 ng/kg for three days, 9
ng/ kg for four days, and 12 ng/kg for four 10 days, until it reached 15
ng/ kg in week 3 and remained at that |evel until the one nonth mark. TTX
was adm ni stered at dosages of 1, 2 amh3 g/ kg for one week each. Wen the
dosage was increased to 4 gg/kg in week 4, a significant toxic reaction
(vom ting)Noteccurred, so the dosage was decreased back to 3 gg/kg. In al
groups TT adm nistered for one nonth. One hour after the final dose
was adninfg?%f%h“ﬁﬂm§m§885“WP P8 on day 31, the nonkeys were given a
subcut aneo#p>0.05 eshpaeed with dorfiB! d58ndf nal oxone, and were then pronptly
observed within the next hour for w thdrawal synptons and for their
percentage change in body weight. The result i ndi cated that the scores for

w t hdr awal 4§¥spmlﬁ@%@.§ﬁh&lt}gvappegg body weight loss in the TTX and

NS groups were | ower se nogted in the 20 m)rphl ne group
(p<0. 017, and. (HITHOYHeARUETA if LBORITEPOH SR FHR: bAPER R (NS)

per cent ageResativerseatolgEpypn and HEEX\gaoup, gk sack evoup avas Bescdutiaee times aTdax (g oup and
the NS groul), 131305 ah2dd). thmbrphive dependeficet hedelnwapbieatd iyt mrogradsiielynal oxone

t o preci pi ésailstingthé Bekagerdine idbsa &mkwsvawn{ahhmm@%@c@ﬂmméyy@t' on of
-[I)“cl)-;(sce“sg noﬁme&@&ﬁteg@%%t/ﬂ%'f& grrﬁ% OYM&% anlsillc g/g% e;&g nCQOt
(Tabl e 1195) % mlﬂa% T‘%gd'i’ Wﬁ% “e@n"’?hﬁf g\)ﬂél““ﬁ‘ Q‘F"P 8k eys
treated w PAKTTIX Wasepministered 2 agd 3 ne/ke foupnesresk eaddt Whien itetr anal
Body Vi ghéossgenpee rmmsgl 1o 4|\@g/1g¢mme®©11 921 eignifitar (bG8 Aoholiofs (GordHling)

TTX62. 64. 65dé0rréd). $* theNadsage was RieOrelsbdChiERA%0CY i/kd) IROLIPPr&\s IPTHPRE: 05
conpar Ed Wadniin#3RFedBbr S hbh 18ndMBIuE B ORe fir §l4io§le Had\Rnith me‘&1 dt 'ﬁ%aa"}ﬁ' test

i Ny MBBKEY B UELE ANRLO IR A g%ubcu{;géo% s e T

t P h
st 2‘35' and HEEHL fgﬂB@BO‘fSﬁWP%“bW ¢ Pt & B o5 vibicaal symeioms apd f(&rtheyo gajgms

t he hi gh dB&ecatage chagge praody peight e 5 wi t hdrawal test were continued until
day 90, at whi chhetresult ibdientaithatnbesdcors fariwithfirawal fripien andith&peroechtdiSs vAS

S'; gpped lb&ly\/w&ﬂdﬂ@s%\m the yImxt ﬁﬂa\lﬁ Vre\fﬂrllg’,]ﬂt 16@%%??25&5%%19% IOP each
u U
71 cat men ey gl 22 é jng e ST (bl b
fi ndi ngs V\B?r‘ée &5 & Céigc% 1 ﬁ st%er very similar between e TTX group and the NS
group. This showed that the use of the morphine antagonist naloxone to precipitate
withdrawal in the monkeys with long-term administration of TTX did not cause
morphine-like withdrawal symptoms, i.e., TTX does not possess such characteristics as
25 causing opiate physical dependence (Table 15).

Table 15, Results of precipitate withdrawal test
in monkeys treated with TTX, morphine and NS (Mean + S.D.)

Score of Withdr i
Group n Symptfm(lls awal B(;jlgss“(!‘?/t)g)ht
Morphine 3 61.0+2.6 6.6+1.7
NS 3 2.6t4.6* 0.7£0.6*
TTX 6 2.6+4.6*4# 0.4+0.8*#
Note:

* P<0.01 compared with morphine

30 #P>0.05 compared with normal saline



the observation tables (See Attachnents 1, 2 and 3). 10 The results in
Tables 16 and 17 showed that no withdrawal synptons were observeglMhfdénh 2065
week after the continuous adm nistration of TTX for three nonths had

ended. Wthin three days after adm nistrati on was stopped, a few nonkeys
occasionally appeared sonewhat excited and restless, but this behavior
soon di sappeared. The body weight of-a34e TTX treated nonkeys not only did
not decline, but on the contrary, increased 15 as conpared to the weights
not ed dur i4¥Naturakbelithdraghl taitiio mopRéysod. The nor phine control  group, hon t he
other hand, namidfkejcdeRbysRHS W hNds3Nak poyRRe @ i, lant t hat
the | ong-tc%gl{i‘%@;mpn% g&rahi)@%ligf a]'l )‘(Negleg?sf @?Mpériogﬁ?é%?’ ngégégﬁﬁéghysi cal
dependence. " TaHT & PL&™ Bonaaf oSt na sy fSH YREERT SEBT BY MeidSng t he
nat ural witSHHM G Presipitatigwithdraal teg) Alerodfhdave, thehighadoses of the presiritigr anal
1234567 5 Mowightiravesd 84t @ere gont@ued@ntid d4y6903 athghich e BietadMiristiation of morphine,

26. 420. 55.A1X bitd KO .22 sbpfddl. The RithdtaWal s§mPRnfd afd Body: \Oeila:tQhﬁh s occurring

0. 00. 00. OQnQQCh%rmﬁr?%chQ thell nRitBred guﬁr@%\@ﬂ Qrefk ﬁ’)llengQhGQE inflio s ggj(trgngntoo' 0 20

Tabl e 17. n e change .l p_bod ht .1.n h group of. nmonkéys’ during
period of ‘E@{ ﬁbggﬁ,wﬁg{é\%éfle ?ﬁ{féegtﬁxesétiag@gﬁlﬁnﬁk@}“gé% eﬁa%grcﬂﬁcé? ing to

W t hdr awal 05 2seyption ihiet{SeoAtadbments Ingidhined-4.8 -7.1 -5.4 -5.9 -6.8 -6.6
-5.9 -6%1 0. 4ZbgFespits On, Trples 1164and3 IRShawel thatl ng, Witlglrawad, ynptoms? were2. 6

2. 91. 50. 80obsdrval fot né el afteF XBel cdmtiBudhs Adhirdstrhtidn of BTH fér thred. rdonths had

1. 43.72. 9lgnded. Widia -thBe BayS dHRE SaminisBatbrOWasCAEPHRE, S W MBnllRE BBaBBnally P>0- 05
conpar ed V\Apiaghrédqgon%%v}ﬂ{ Skt Jaﬁd Q@sﬁggg, &ngis %egffrosogl dMa}%Qafe&. f]heFBchy S
weight of the TTX treated monkeys not only did not decline, but on the contrary, increased
15 as compared to the weights noted during the administration period. The morphine control
group, on the other hand, manifested obvious withdrawal symptoms. This indicates that
the long-term administration of TTX does not produce any signs of physical dependence.

Table 16. Comparison of withdrawal symptom scores

during the natural withdrawal period (Mean + SD)

Group n No. of days after withdrawal
1 2 3 4 5 6 7
' . 4] 348+ 353+ | 283+ | 163+ | 153+ | 103+ | 105
Morphine 264 | 205 54 | 715 5.7 05 | 25
TTX 6 100£00|00%£00] 00 00+ 0.0+ 0.0+ 0.0+
0.0 0.0 0.0 0.0 0.0
NS 3100£00(00x00]| 00 0.0+ O+ 0.0x 0.0
0.0 0.0 0.0 0.0 0.0
20 Table 17. Percentage change in body weight
in each group of monkeys during period of natural withdrawal (Mean 1 SD)
Group |n No. of Days After Withdrawal IOK;:;?II
1 2 3 4 5 6 7 X+SD

. F81 | J1T | B34f [ 59f [ 685 | 66| 3595 612
Morphine {41 4™ |\ 5% | 34 | 20 | 24 | 24 | 14 | 08
6% [ 2434 [ 30 | 312 [ 302 | 242 | 28 | 26¢

NS 3 29 15 | 08 | 07 1.8 1.1 26 | 0.5%
— S| 1.6% [ 29% | 38% [ 3.1% | 3.7% | 33% | 4.1% | 32%
14 | 37 | 29 | 18 | 27 | 28 | 16 | 0.8%

Note: * P<0.01 compared with morphine
# P>0.05 compared with the NS groups
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x cd | 18 March 2005 -37 Attachnment 3 Gradi ng of nonkey w t hdr aved MsydHOR0O0S
and scoring method. 1. Grading 1. MId: Fear, yawning, |acrimtion,
trenmbling, facial flushing, sweating, crying, 5 irritability, reduced
appetite, |loose stools. 2. Mdderate: Trenors, anorexia, piloerection,
muscle twitch, clasping of the abdongR, diarrhea, and anergic supination.
3. Severe: Extrene restlessness, l|lateral recunbency with closed eyes,

abnor mal Agg,%;lwéﬂg, vom ting, facial pallor, and conspicuous nyospasms 10 4.
Very sever, &ssi 0 a,. dehydrati on),

pronounce g@é%ﬂﬁ%‘%&\vgé@% C|l§yc 3?‘5?9&$c3r'¥§$§&°élhd death. H Scoring
(Score of Grades classification + synptomscore) MId: 5 points for the
grade cl adsi fGradingon, 3 points for each synptom wth 1 point being

subtracted forla Mm‘}a‘bﬂdymﬁhg‘ mhmhu@mrahbmﬁgefaaanﬂuwﬁmmg tcRiify, @ gi ven

day. 155 nggbm red%@ed%ﬁg&ité 158 stobg. 9rade classification, 4 points for each

synptom wth elng subtracted. for .a repeated est on of the
sane synpt %m W ’t hi noaeratc jl“regnors anorexia, plloerectlon m sc% tcgagiaspmg 0 lh
al

domen, diarrhea, and anerglc supination.
3. Severe: Extreme restlessness, lateral recambency with closed eyes, abnormal
posture, vomiting, facial pallor, and conspicuous myospasms

10 4, Very severe: Exhaustion (blank expression, dyspnea, dehydration),
pronounced body weight loss, circulatory failure, and death.

1L Scoring (Score of Grades classification + symptom score)
Mild: 5 points for the grade classification, 3 points for each symptom, with 1 point
being subtracted for a repeated manifestation of the same symptom within a given day.

15 Moderate: 10 points for the grade classification, 4 points for each symptom, with 1
point being subtracted for a repeated manifestation of the same symptom within a given
day.

Severe: 17 points for the grade classification, 4 points for each symptom, with 1
point being subtracted for a repeated manifestation of the same symptom within a given

20 day.

Very severe: 32 points for the grade classification, 20 points for exhaustion, 30
points for death.

III.  Basis of Scoring
When there is a difference in the grading of a symptom, the scoring should be
25 different. Moreover, the scoring should also vary depending on the number of symptoms
within the same grade classification, but the resulting score should not be higher than
warranted for the grade classification.
The score for three symptoms of a grade class equals the score for one symptom of
the immediate higher-grade class. For example, three symptoms scored as being of mild
30 severity (5 + (3 x 3)) = 1 symptom scored as being of moderate severity (10 + 4).
Three symptoms scored as being of moderate severity (10 + (4 x 3)) = 1 symptom
scored as severe (17 + 5).
If the animal appears exhausted or dies, any other symptoms are ignored, so that
the assigned score is equivalent to the sum total of the scores for mild, moderate and
35 severe symptoms. '

Example 5§
General Pharmacological Studies of Tetrodotoxin



day. Severe: 17 points for the grade classification, 4 points for each
synptom with 1 point being subtracted for a repeated manifestaig Marek 200§
same synptomwi thin a given 20 day. Very severe: 32 points for the grade
classification, 20 points for exhaustion, 30 points for death. Ill. Basis
of Scoring Wen there is a difference in the grading of a synptom the
scoring should be 25 different. Myreager, the scoring should also vary
dependi ng on the nunber of synptons wthin the same grade classification,
but the repdst nhfegiageor e shoul d not be hi gher than vvarrant ed for the grade

classificationg r t e ra Iass equal s the
score for gne seg[gh%éoﬁ(lﬁp EO‘L%E ﬁ]‘llic% aﬁ]n%?gﬁe %pehege ;% rrpl e,
three sy é‘ggf’ ank Ib‘é‘?‘H %0 lPﬁ ’é’@gs‘é‘%ﬁe ‘FW""(‘S‘MH‘{‘B‘akS op at ]
synpt om scAPPERTiae consemtgtions fepmapparitonsdimiedtioy (Q. Lol per)).g offodeweightpt ons
scored &s bei n§afftinenShengiheSecondChdnyica]l Reagents LoxBagh Ns. d5089npt om scored as
severe (17 + 5D1aﬂef>anﬁ %eﬁﬂhr@lutﬁﬁp?@b%s%ﬂﬂaﬂa@&aﬁro ﬁ&lmga{ﬂ}fmfbt Reh

synpt ons 0452(3 that the assigned score is equivalent to the sum
total of t noder at e_and severe synptons. Exanple 5
Gener al Phar mi"gﬁf@af‘%af“ g‘}’ﬁ‘g fostityte ?’étpﬂ’&of‘?fﬁ%f E‘CR}hrPé?FuﬁbogatCIBSI‘I"Fest

mat eri al s: Hdot oxi n powder, batch no. 971208, supplied by Dalian Ao Sen

Phar madeut i caI SI@ﬂlamt peitotoimialig Beifihg rBongdie Yirchgi Wi Ghaniohly,eBaich Nar nal
saline at 9sappr.opri ate concentrations for intraperitoneal injection (0.1 m
per 10 g of body weight). 5 Caffeine: Shanghai Second Chem cal Reagents Co,
Bat ch No. Kg Pl D azepam i nj ﬁCt I on soI ution: Pﬁopl e's Phar mlaceut I cal s of
Tianjing Am Acid  Co,, Batc 70424. Morphine: National Institute on
Drug and B olqgﬂf‘&%ﬂ misg §Ligcto Zz%f‘élﬁnﬁll? and b@éiﬁn@&?ﬂeﬂ@e@@uﬂ‘em‘lﬂént%ar bital :
Bei j i ng To#fsienges yiksidsiweishh bet@prsrnimdlssin Bt tedt Wi, not RiEge4 Bian S4ni mal s:

Kunming mce (17g to 22g), half nmale and half fenale, were used in the
study. tkhes, ﬂ'Ei-fEageﬁlgﬁsgeggralpgmvmiogmcebet ween animals in each test were not

2o 5", B vl Yo 86l l&f?@g{oﬂgmaf?g REpaNGOr 9t sar,% Mge vere

random y djvided, In nj ect ed

i nt raper it Bif&% ‘i}trwef‘f?n?"% za%dS’lﬂ‘dgdeb?kg)CaCF‘Tf@i“}?e LUl gﬂi})’kg)

Dlazepam (5.0 mg/kg) or normal sa]me respectively. Fifteen minutes after dosing,
changes in general behavior, gesture, gait, presence of excessive salivation and muscular
20 tremor, and change in the size of pupils were recorded.

The test results showed that after being given a single dose of 2.5 pg/kg or 5.0
pg/kg of TTX, the mice exhibited normal gestures and gaits, no excessive salivation or
amyostasia, and no change in the size of pupils. Only the mice treated with a single dose
of 10 pg/kg of TTX generally manifested eye-closing and reduced physical movements.

25 5.2 Effects on the autonomic mobility of mice
Mice were randomly divided into 12 groups of 12 mice each, and were assigned to
three TTX groups at doses of 2.5, 5.0, and 10 pg/kg, respectively, and two positive control
groups, i.e. a caffeine 10 mgkg group (central nervous system (CNS) stimulant), a
diazepam (Smg/kg) group (CNS depressant), and a blank control group (normal saline).
30 Testing was conducted on the TTX groups and the control groups, alternatively. Fifteen
minutes after the administration, the mice (in groups of 4) were put into a TDW-02
general locomotive movement recorder and stabilized for five minutes. Then, for the
following five minutes, the locomotive movements of the mice were recorded and the
results among the TTX groups, the positive control groups and the blank control group
35 were compared. Whether these differences were significant or not was determined using
the r-test.
The test results showed that after being given a single dose of 2.5 pg/kg or 5.0
pg/kg of TTX, the mice exhibited normal gestures and gaits, no excessive salivation or
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5.3 Effects on sodium pentobarbital-induced sleeping time
A preliminary study was performed to find a dose level at which sodium

pentobarbital would induce sleep in 100% of the animals.

This dose was 40 mg/kg.

* k%

Mice were randomly divided into 5 groups of 10 mice each. They were assigned to
three TTX groups at doses of 2.5, 5.0, and 10 pg/kg, respectively, one positive control
(diazepam 2.5 mg/kg) group, and one blank control (normal saline) group. Injections were
given to the mice of each group intraperitoneally, and then sodium pentobarbital 40 mg/kg
was injected to the mice of all groups at 10 to 15 minutes before the peak effects of TTX
or diazepam were manifested. The latency of righting reflex was recorded in order to
determine whether or not the test drug was able to prolong the sodium
pentobarbital-induced sleeping time in mice. The differences of the latencies between the
TTX groups and the control groups were compared, and #-test was used to determine
whether these differences were significant or not.

The results demonstrated that, with respect to the effect of prolonging the sodium
pentobarbital-induced sleeping time, TTX 2.5 pg/kg, 5.0 pg/kg and 10 pg/kg groups were
not significantly different from the control (normal saline) group (P>0.05), but were
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for an hour wer 8fice were randomly divided into five groups of ten mice each. They were

assigned to three TTX groups at doses of 2.5, 5.0, and 10 pg/kg, respectively, one positive

control (diazepam 5 mg/kg) group, and one blank control (normal saline) group. The

mice were put on a metal net placed at 50 degrees to horizontal level on a table and
Those that did not fall from the net for an hour were
considered qualified and were selected. Next, respective injections were given to the
mice of each group; and the animals were again put on the net and allowed to move freely.
They were observed for the following 50 minutes, and those that fell off were put back on
the net. The injected drug would be considered effective in producing skeletal muscle
The results showed that with
regard to the ability to produce skeletal muscle relaxation, TTX 2.5 pg/kg, 5.0 pg/kg and
10 pg/kg groups were not significantly different from the blank control (normal saline)
group (P>0.05), but were significantly different from the positive control (diazepam)
group (P<0.001). The results are shown in Table 20.
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considered qualified and were sel ected. Next, respective injections were
given to the mce of each group; and the aninmals were agai n put 18Marbe 2006
and allowed to nove freely. They were observed for the follow ng 50

m nutes, and those that fell off were put back on the net. The injected
drug woul d be considered effective in producing skeletal mnmuscle 15
relaxation if a nouse fell down three4i-nmes consecutively. The results
showed that with regard to the ability to produce skel etal nuscle
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*** TTX 2. b—grkgtoq—TTX 5.0 +¢100 999 TT1X 10 p. g/ I§gloo 999 ik«
*++Pp<0. 001| Coarppamed t dmedEnal salin® """ P<0. 001 Conpared to di azepam 5.5
Ef fects onfthie carqiovascul al and respiratofy sys{,ens of anesi heti zed dogs
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was i nsertéd nmoni t OFFAG tlhe artéry bl ood pressure.The fenpralivein of

the other hipnd || [ lL.yiiexposed for transfusion of nutritional
10 fl uid. Thegfé'gg{g?é@ arré&gogltogedellﬁ mS'epth were nonitored by putting a

TR-61ZT I\la,s?iogdlweﬁq@mgyepgﬁphanger in the nostrils. Cardiac function

was nonitored wth -l'ead electrocardiogramw th needl e el ectrodes. All
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Nasal-Clipping Energy Exchanger in the nostrils. Cardiac function was monitored with a
2-lead electrocardiogram with needle electrodes. All the monitored parameters were
recorded synchronously with a RM-6000 Multi-lead Recorder. .
After the surgical operation, the system was stabilized for 30 minutes or more till
15 the monitored parameters became steady, then they were recorded as the value.s before
dosing of TTX injection. The dogs were injected im. in the buttocks with .'ITX
preparations or an equal volume of normal saline for the blank control group, rt.aspectlvcly.
The same parameters were recorded at 15, 30, 45, 60, 90, 120 and 180 minutes after
dosing.
20 The results showed that TTX at 1 pg/kg, 2 pg/kg, or 4 pg/kg by intramuscular injection did not
significantly affect the blood pressure, heart rate, electrocardiogram or respiratory rate and depth

(P>0.05).

Example 6 Drug Safety Studies with TTX
25 Kunming mice and Wistar rats were used in these studies.
Age: 40 days for mice, and seven weeks for rats. Sex: half of each sex for both.
Body weight: 18 — 20 g for mice; 130 — 170 g for rats. Dosing volume: 0.1 mL/10g for



significantly affect the blood pressure, heart rate, electrocardi ogram or
respiratory rate and depth (P>0.05). Exanple 6 Drug Safety StudigMawth 2005
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20 other anomalies or deaths occurred in the surviving animals dunng the 7-day observation
period. No abnormalities were found during the autopsy of dead animals. Distribution of
deaths and determination of the LDsq values are shown in Tables 21, 22 and 23.

Table 21. Distribution of death and LDs after a single i.v. injection of TTX in mice.

Dose Logarithmic | Number | Numbe | Death | Probability Vz;}llx)e of
i rate unit 50
(ng/kg) Dose (x) | of animals d; :tf) S ¥) o5 LD
11.8 1.070 10 10 1.000 7.038
10.0 1.000 10 7 0.700 5.493 83
8.5 0.929 10 S 0.500 5.000
7.2 0.859 10 3 0.300 4.479 (7.5~9.2)
6.1 0.788 10 1 0.100 3.722




deat hs(95% Cl') 11.81.07010101. 0007. 038 10. 01.0001070. 7005. 4938. 3

8. 50. 9291050. 5005. 000 7.20.8591030. 3004. 479( 7. 59. 2) 6.10. 788101034 Q3 cH 2d05
18 March 2005 -43 Table 22. Distribution of death and LD50 after a single
i.p. injection of TTX in mce. Dose Logarithm c Nunber Nunbe Death
Probablity Val ue of (g/kg)dose (x)of animalsr of rateunit (y)LD50

deat hs(95% Cl) 11.81.0721090. 9006. 197 “43-01. 0001080. 8005. 8279. 0

8. 50.9291040. 4004. 474 7' .20.8571010. 1003. 719(8. 2-9.8) 6.10.7921000. 0002. 464
Tabl e 23. ﬂ‘%ﬂ?l%utﬂlﬁﬁbbﬁom@&eﬁw Ihm‘i@ftansnglalm lngtlcteonsoférTXn} mixrei on of

o)

TTX in mceg T ] N o
(pg/ kg) Dose¢ @ﬁg}o E Egkh H(;aunb b%% % m;fd% ga t %l ﬁHT Vﬁiu%%f i
22.91. 360101 )7 2&’; . 5L eg)t ;3 12 16754 21 71&%{!}3@805. 000
14 11 1491 JLU 1£8UU l- J_Ul').bﬁl'. l J_ . 0}10 9 0900 6197

10.0 1.000 10 8 0.800 5.827 9.0

8.5 0.929 10 4 0.400 4474

72 0.857 10 1 0.100 3.719 (8.2~9.8)

6.1 0.792 10 0 0.000 2.464

Table 23. Distribution of death and LDs, after a single s.c. injection of TTX in mice.

Dose Logarithmic | Number | Numbe | Death | Probability Value of
(ng/kg) Dose (x) of rof rate unit (y) LDso
animals | deaths (95%CI)
229 1.360 10 10 1.000 7.246
19.5 1.290 10 8 0.800 5.835 16.2
16.5 1.217 10 5 0.500 5.000
14.1 1.149 10 2 0.200 4.163 (14.7~17.8)
12.0 1.079 10 1 0.100 3.734

6.2 Acute toxicity of TTX in rats
Test material: Tetrodotoxin powder, batch no. 000530, supplied by Nanning Maple
5 Leaf Pharmaceutical Co., Ltd.

Wistar rats were fasted for 12 hours, then randomly assigned to different dose
groups based upon body weight, 5/sex/group. The test method was the same as the acute
toxicity study in mice.

The result showed that approximately 10-20 minutes after i.m. injection, the rats

10 exhibited various degrees of weakness in hindlimbs, accelerated respiration and
prostration. Those with strong reactions showed serious dyspnea (Cheyne-Stokes
respiration) till they died of respiratory failure generally within 1 hour after the injection.
The surviving animals indicated inhibitory status and gradually recovered about 1 hour
after dosing. The observation was continued for seven days and no other abnormalities

15 or incidents of death were observed. In general, no abnormality was found during the
autopsy of the dead animals.

Distribution of deaths and determination of the LDsq values are shown in Table 24.
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sex, 3- rs 0 ?skg Test materi al:
Animals:
20 Rhesus monkey, ten per sex, 3-4 years of age, body weight:  6.3%0.5 kg;
5 8.4104kg.
Test material:

Test material: tetrodotoxin injection, 30 pg/2 ml/ampoule, batch n0.931220, supplied by
Guangxi Asia Health Medical Co., Ltd. Monkeys were randomly divided into 5 groups.
Three groups were given TTX (1 pg/kg, 2.5 pgkg or 6.25 pg/kg). Another two groups
10 were given normal saline (blank control) and 0.02 % acetic acid solution (solvent control).
All the test drugs were injected once a day for 28 consecutive days. Following dosing, the
general behavior was monitored and recorded daily, the food intake and body weight were
measured weekly. 24 hours after the last dose, blood samples were taken from the heart
and used for determination of 13 hematological parameters and 15 blood biochemical
15 parameters. 24 hours after the last dosing, one male and one female monkey of each group
were killed and blood was sampled for hematological, blood biochemical, and
pathological examinations. The remaining monkeys in each group were observed
continuously for four weeks and then killed to conduct the same examinations above so as
to know whether there could be recovery from any observed toxicity reactions and
20 whether a delayed toxicity reaction could be manifested.

The results showed that the monkeys in the TTX 6.25 pg/kg group had evident
toxic symptoms after each dosing. The major toxic reaction was vomiting. One monkey of
this group showed eyelid swelling, slight paralysis and an abnormal increase in ALT and
ALP values. One monkey in the TTX 2.5 pg/kg group displayed slight vomiting and

25 ACHhE activity was decreased by 41.2%. There were no drug-related abnormalities found
in the observations of general physiology parameters, histopathological, hematological,
blood biochemical and ophthalmologic examinations in the TTX 1.0 pg/kg, blank and
solvent control groups. Local muscle necrosis at the injection site of dilute acetic acid
solution was found during microscopic evaluation of monkeys killed on Day 28. At the

30 end of the recovery period (Day 56), no muscle necrosis was observed. Under the
conditions of this study, the nontoxic dose level of TTX in Rhesus monkey was 1.0 pg/kg.



Test material: tetrodotoxin injection, 30 g/2 ni/anpoul e, batch no. 931220,
supplied by Guangxi Asia Health Medical Co., Ltd. Monkeys were rsindedd 2005
divided into 5 groups. Three groups were given TTX (1 g/kg, 2.5 g/kg or
6.25 g/ kg). Another two groups 10 were given normal saline (blank control)
and 0.02 % acetic acid solution (solvent control). Al the test drugs were
injected once a day for 28 consecutive-#¢ays. Foll ow ng dosing, the general
behavi or was nonitored and recorded daily, the food intake and body wei ght
were neasured weekly. 24 hours after the | ast dose, bl ood sanples were
taken from ghempRA: t LoddiChowieRy Shitly oherEX M nati on of 13 hemat ol ogi cal

parameters gud ho.0f e4fhg Qﬁﬂﬁf&%‘, éﬁg@%%h&né,-ba?eﬁ I3 Boakipplied Be | ast
dosi ng, onec"rla e.gndﬁgq ml%&ngncgey_ of each group were killed and bl ood
was sanpl ed PEEHANAFSHBGVELF G9ddY bi ochemi cal, and  pat hol ogi cal

exam nations. The remnai ni ng nonkeys in each group were observed

conti nuousl y 4f G hkdmskst 0 conduct the sane

observed toxicit I %f’ “n%) t oxli Cl.té er.eac}d on
coul d be manverestndemlyTaivided o foug gERREY 38 HEFOPIE MBIl Y Bhin A% 25
g/ kg group Hetwdetoxiddfs6 pede) in rarmel enline, K280 acetie Aoid GentFR), angpenigilinn-k oxi ¢
reacti on wagpostve dontigl. One nonkey of this group showed eyelid swelling,

sl i Eht pagal ysi s Befdtt ARirADMRTABYI’Y G Rame ﬂildinj%!:fibgrﬁdild is At EhOtawubsl%( ﬁE@E
nmonkey in t X 2. 1.0k : iadrRe c
activity mgﬁ%%geéls&cﬁtgx{ﬁ%éﬁfw %ﬁ@h@%ﬁgxeﬁgt‘lﬁr E:al’_i?tg}ge g&dﬁggggm&ti es
found in tH® Bplelapd e, dighs ‘lfe%. e bﬁ@sfag 3Gy rp(%r a(gﬁ ers, . .

hi st opat hol clgsiogl sighre 9t Bacsisi bair,, listspwew, BrEFEKanAbd m Woé’iﬁféwgl%ﬁ"?fai c
exam nat i onsménitotedend Texortie@ oAt hobtsarskbitsrwiere sastifieadtand et quadricgpompssles| ocal
muscl e NQgr Gpérs takén &li@nd ficRed icdpinsdinatly 86 agliol dbbevealoedlisimalatioh resaiontin e was
found duri ngﬁnﬂtﬂnos?tgp Rhé Y&H‘ﬁz{ﬁcﬁslgi&ﬁ SRR achs Ki THeedinAlatia reatBonsMverehe 30
end of the rec r er|8 ( 56) . le . 0S4 r Under
the condi ti%ﬁ‘g"\‘/‘ﬁttagi‘ﬁf‘%°“s ﬁd{ﬁ)’ﬁx‘fvﬁ‘g eﬁ&gﬁ%@g‘% fla: 6, il Bbvio %‘?ﬁgf?’%%g us
monkey was 1DDeI§HYac i amagealesshant s Lo gm 5 PP hypepeguay n 4 g {gger &aqy o
TTX Test mat@fixal.d chetd; cdutusxiypeicmia dn jadditions with/mpusele/ dagpenmation, faReCrpsis

no. 931220y Smpifesed witl browhadulored deperdtion) 5, Imabdivh reatosi€manifested, 5 7.1 Local
intranuscul ar i r gt kit RBuTkEshbw! Hat! tBlekiotoxinFit 86 Nows Zeafl@adcstioidei, 0% t s,

mal e, 13-18 ks ol d, . I gaht 2 0n2. & into
four groups luﬁé?cﬁﬁod&%%i%ﬁvgé\@. %Ei %ﬁggﬁjﬁlg%tetliﬁfgﬁjd . %?E&g?fd%@ (0.56
gg/ kg) in noPRdyced aonpunced SEBYUNIERUOaTInGocal FPpLFS O SIS TS

posi tive conatrei6 nelke iBavoonal salinsi didynot; hBased ypon theserrgsults 48l Ry censBdPhiPatt i on
site is cast weostimulist lwas &02%cdilute macetice apidj sather othamj telwodoRtxin jahj the teei was
done in the pdeiRudathbiehsy.he quadriceps nuscles in the left and right
thighs of a rabbit, 1 nL each side respectively. Imediately after dosing,
signs of flaccid hair, listlessness, anorexia, and rmb'bl [ fg{qq' ffi CL{| tjes
were nonit ofakle 3hdEyadeasioncgrades fon thexseylts of the lpcplomygeuiarstimuiationtasts o ¢ e

guadri ceps sc| esrabbits with tetrodotoxin

Grades for stimulation reaction in rabbits’
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Groups Left side Right side rades
g g
1* 2 1 2

Tetrodotoxin in dilute 4 4 4 4 16
acetic acid
Tet_rodotoxin in normal 0 0 0 0 0
saline )
0.02% acetic acid 4 4 4 4 16
(excipient)
Penicillin G-K (positive 4 4 4 4 16
control)

* Number of tested rabbits
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experimental animals were instantly observed for indications of hypersensitive reactions
such as scratching nose, sneezing, pilo-erection, convulsion, dyspnea, fecal and urinary

20 incontinence, shock and death, etc.. Evaluating standards of test results is following: (-)
No abnormal reaction, () Twist, pilo-erection, (+) Scratching nose, pilo-erection,
uneasiness, sneezing, shortness of breath, and mild cyanosis, (++) Pilo-erection, manifest
dyspnea, cyanosis, weakness of limbs, and creeping with abdomen on ground, (+++)
Death.

25 The test results indicated that tetrodotoxin at a dose of 0.95 pg/kg and 0.02% dilute
acetic acid (excipient) after stimulating did not produce pronounced general
hypersensitivity reactions in guinea pigs, while the positive control, 10% bovine serum
solution, induced hypersensitive reactions to various extents, such as scratching noses,
pilo-erection, uneasiness, sneezing, and death of one guinea pig several minutes after

30 stimulating (Table 26).

The test results demonstrated that tetrodotoxin at a dose level of 0.95 pg/kg did not
produce general hypersensitivity reactions in guinea pigs; therefore it is safe to use this
drug at this dose level.
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solutions evenly, and placed into a 37°C incubator, observed and recorded at 15 minutes

for the first time, and the recording was repeated subsequently every hour up to four

hours. .

The result showed that tetrodotoxin did not induce in vitro haemolyzation.

Ji

15 Vascular stimulation test: .
15 rabbits were randomly assigned to three groups as a tetrodotoxin 1.0 ng/kg group,
a 0.02% acetic acid aqueous solution (solvent control) and a normal saline control group.

All groups were given one injection daily intravenously for 10 consecutive days. At
20 24 hours after dosing, three animals from each group were sacrificed, and the blood
vessels of the injection sites were taken to conduct pathological examinations. The
remaining animals were observed for two weeks; then sacrificed, and the blood vessels of

the injection sites were taken to conduct pathological examinations accordingly.
The results showed that during the dosing period and afterwards, no abnormalities
25  were observed in the mental states, body weights, body temperatures, and food intake of
the treated animals, indicating that tetrodotoxin (1.0 pg/kg) by daily intravenous injection

did not produce any pronounced vascular stimulation in rabbits.

Example 8 Teratogenic Effect of Tetrodotoxin in Mice by Intramuscular Injection
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i nj ection waglf An founddg cptermabaiiscersh grdeskgletalj stuciureo pf these animalp treaed e
ani mal s ¥er avitheithet @280 diiteagetis adid Gobatwentrdlhatwaterrfonigjettien. t Hoaveveythe per i od
the general testoghnic ratesvad100% wheh aginglelinjsdtiog ofefctophbspBamiie (@PWisEvendd gNS
were found ipohhe n{?éree&ﬂ?awllniﬁg stﬁfi}t EVidenes e teﬁdﬁgto‘ig@{ 24 9b Qﬁl‘bﬁ’ot&hc

teratogenlcter ;[)I?ln \f%ct n%lf)n Shanghal mce treat with tetro toxin at
dose | evel s gf 5, ¢ ang % B §g/ kg, equal to 1/8, V. and V2 LD50,

respecti ver, one injection (i.m) daily fromday 6 to day 15 of gestation.
Nei t her #as Exampled® mation found in external, visceral and skel et al
struct ures Ofl Mhtrgenieity tead in the Sainedel X Amek Test) t her 0. 02% dil ute acetic acid

(sol vent contgtohiteRdl: Wek&dotd:@h poRUGS @R - noIAMBYRY, ,supfied bFTHIIBIEAY Reh at €
was 100% Wh%ﬂaxﬁxa&u‘ﬁgzh‘?’ldn'ﬂJL‘?afan%”cﬁLa cycl ophosphani de (CP)” was given to

The mutagenicity potential of tetrodotoxin to four standard test Salmonella strains
30 was studied using the preincubation procedure of the plate incorporation test. The results
indicated that tetrodotoxin at the concentrations of 0.01 to 100.0 (of the maximum
solubility) pg/plate did not induce any increase in mutation rates of four strains (TA97,
TA98, TA100 and TA102) both in the presence and absence of Sy activation. This
suggested that tetrodotoxin was not mutagenic to the Salmonella strains.
35 The results of the mutagenicity tests on the test drug, tetrodotoxin, and the positive
controls in the Salmonella are displayed in Table 27 and Table 28.



pregnant mce on day 11. This study evidenced that tetrodotoxin has no
enbryotoxicity or teratogenic effect on Shanghai mce. 25 ExanplgeM@r® 2005
Mutagenicity test in the Salnonella (Ames Test) Test material: Tetrodotoxin
powder, batch no. 940701, supplied by Dalian Ao Sen Pharmaceutical Pl ant,
Li aoni ng, China. The nutagenicity potential of tetrodotoxin to four
standard test Salnonella strains 30 waggstudi ed using the preincubation
procedure of the plate incorporation test. The results indicated that

t et rodot oxi n Thblk bR menmbrmmﬁﬂs;;emcn@ t81ok poslm een(rermtthesmnmum
sol ubi |l i ty nl nl ate—di-dnot—i-pduce nr nacn rates—ef—f our

strains (TH gncentiskign  TA100 b iinbex oy t@,q_$,a anh‘gordﬁé%@ _atgs’% edce of
S9 acti vat /pl LS SLgg ncisﬁjL hnf’]&ﬁf rodot n’rzﬁ $ wab nI 1 it Q1Q’J;A 012r t he
Sal nonel | a|8Prains. 35 The resul t s138t18ne |nut 2688ni ¢ tyl 04l o P 270845 ¢ est
drug, tetrgdotoxin, and tlhe *pos|ti ¥¥*2dontir ol49%ih t he Eﬁﬂiﬂbne 2 EETD
di spl ayed [ Pefaki00)27 and Tabl e| 28568 18ar|ch60BBS - 49 TRHPe 27 . 85&&dUljt s of
t he nut agenDMSQ test on|posttiye ddfitdiol |in 80 Sal nohSHla 242410
Concent r at i 2/N¥@DOYy of rgvertany Sa7adhel ||la c2éiini es (P13l afe SD)
(.tgl pl at e] SOTAO7TAISTATIN0TAL02[ 0.1093:3%4 83653¢¥B38 70457951362 7#0111542126310
Dexon(50.0 DAN(18d.6p04869622085879 DVEO+126413051291724210 2- AF379+99
(40.0)-97172679713 F12933661H38B351795303 |DAN ( 100. P)-37999 +90&Fsd6d abl e
28. Resul t ssof—the Tmotageni city test—omnm tetTodotoxin I the Sal monet ra
Concentrati onNunber of revertant Sal nonella col onies (per plate SD)

(g/ pl at e) SQTA9T§DE8$A Re9ilts of 0 mutagaddtysed 9a 1@ tadevaxissin the Salmonella

Sol vent * - 122%% uou—ru.l.cco 53106 126937 111016 391232629034
1. 0- 1142533101 55EAHEBs llo-o Wﬂ%‘?ﬁ?g rtﬁﬁﬁ‘ggﬁgiﬁbh‘_e* BB D), oobiss
0. 0+116740134542 31H0—Salvert=+10649 21471 2
0.0 —~ T38E18 130%11 270445
Solvent* - 122+17 30i8 140£12 281453
0.01 - 12619 3715 132£15 273142
0.10 - 110116 3149 123425 290+34
1.0 - 114425 32+10 131+17 301166
10.0 - 114115 36t4 131+18 282163
100.0 - 12615 3018 139411 292455
0.0 + 11627 40+11 154421 263+10
Solvent* + 106+19 38+13 147£15 277428
0.01 + 142112 46x11 142+18 280125
0.10 + 114124 44+19 139£17 266130
1.0 + 110+24 42413 130£17 299451
10.0 + 108+20 4318 149+14 276133
100.0 + 119437 4448 127416 273428
* (.02 dilute acetic acid.
5 As shown in Table 29, the diagnostic direct mutant, Dexon, and indirect mutants,

2-AF and DAN, all caused a significant increase in the number of revertant colonies of
tested strains, twice or more times as compared to the negative control groups. This
evidenced the reliability of the selected research system. Tetrodotoxin at concentrations
of 0.01 to 100 pg/plate did not cause any significant increase in the number of revertant

10 colonies of four tested strains, either in the presence or absence of S¢ activation. This
suggested that tetrodotoxin is not mutagenic to the Salmonella strains.

9.2 Chromosomal aberration test in CHL cells
Test material: Tetrodotoxin powder, batch no. 940701, supplied by Dalian Ao Sen



0.01+1421246111421828025 0.10+1142444191391726630 1.0+1102442131301729951
10. 0+108204381491427633 100. 0+119374481271627328 * 0.02 dil ute agehdrenagoos.
5 As shown in Table 29, the diagnostic direct nutant, Dexon, and indirect
mut ants, 2-AF and DAN, all caused a significant increase in the nunber of
revertant colonies of tested strains, twice or nore tines as conpared to
t he negative control groups. This evidemced the reliability of the

sel ected research system Tetrodotoxin at concentrations of 0.01 to 100
g/ pl ate di dpﬁl&haé‘eaﬁ&qipﬁﬂyLﬁbﬁﬂ'gf@}ﬁ@‘lt increase in the nunber of revertant

10 col oni es of four est e st ra her, in the n abs £ of S9
activation. This™esk é B‘“Tt?fa ‘mﬁeﬁ of g YierF sexﬁgﬁeg @%ﬁ%&mm? a?qg
Sal monel | a soncamtxwonsgow@hrl@ﬁosm¢ 0 gérk o7 &h or 48thoprs e @agfenee

mat eri al : Taévatet ad for Bohaaley in thatpedsence .of $4 AFivbtios u piliei reshlts pugiestedithalo Sen
18 March 20Qg5, %(ag ik Ql"i’d H&Cs@glﬁﬁ&ﬂ{ly Rcdabe theichRMoIEmal @dkidtion The cohipaed &
hanster |un g L§

I's were exposed to tetrodotoxin at the
concentrati

, urs
absence of S9 TB“CE‘?\/’&F‘?‘GrPfé?fH’adPB’F“%S %B’grf‘gtq ﬁc??ﬁ@np@igg%ég 8?"%5'%%‘? ﬁ?/at i on.
The resul t s absegepeefmestaboligactigaticatareodisnlayed i Table ot si gni fi cantly increase
the chronpbsomal aberration rate conpared to solvent control. The test
results of ot ﬂ.?@ gﬁl@éh ot sﬁemmeuc@ the
absence of tﬁi)geg%f [ g‘étlr 0%0 ghag?g%?g%raye n T§b| e0259 Tabl e 29.
Tetrodotaxi n' s abﬁmeabomcawammn on CHL cell chrormsorre |n t he absence 10

of net abol ie—aetivy |U|| FeststCel t- o
(pg/ nL)timd (hour @P}srved cel | e"%%tﬁ i on ral H‘E e@ ?gfmile
control 241000 Sol \?/ ontrol P41 ¥Pbdot oxi n%ve;z?% ) /f?)ld 0
|M|Mt :() 252410072
20. 0241002 Blank control 100 0
Solvent control 24 100 3
Tetrodotoxin 5.0 24 100 0
10.0 24 100 0
20.0 24 100 2"
MMC 0.25 24 100 72
Blank control 48 100 0
Solvent control 48 100 2
Tetrodotoxin 5.0 43 100 1
10.0 48 100 2
20.0 48 100 l"
MMC 0.25 48 100 99

** By comparison with the solvent control group, P<0.01.

As shown in Table 29, at 24 hours and 48 hours after exposure, chromosomal

aberration rates of the blank control group were both 0%; that of the solvent control group,

3% and 2%, respectively; those of tetrodotoxin at concentrations of 5.0 ~ 20.0 pg/mL,

15 0~2%. Structural aberrations were found in the chromosomes. The abetration rates of

the positive control MMC group were 72% and 99% at 24 hours and 48 hours after
exposure, respectively (P<0.01).

The observed results of tetrodotoxin's aberration action on CHL cell chromosome

in the presence of metabolic activation are displayed in Table 30.
20



Bl ank control 481000 Sol vent control 481002 Tetr odot oxi n5. 0481001 10. 0481

20. 0481001 MMZ0. 254810099 ** By conparison with the sol vent contmoﬁarg;,ggjzb_r,
P<0.01. As shown in Table 29, at 24 hours and 48 hours after exposure
chronosomal aberration rates of the blank control group were both 0(%; t hat
of the solvent control group, 3%and 2% respectively; those of
tetrodotoxin at concentrations of 5.0 -520.0 g/nl,, 15 0-2% Structural
aberrations were found in the chronpsones. The aberration rates of the
posi tive coRtfRl3oMrlerdliofkin'Wabar7ik AMBnNCHL 2 chomiaomadn 48 prssanse af t er
exposure, respectively (P<0.01). The observed results of tetrodotoxin's

ab;a.rration f metabolipactiMptid| | chronpsone in the presence of netaboljc
activation

A o [eEs disptayed i N [Tabkg 3. Fiehe b cdiRr ¢ N@AEES of 51 CledpiogorB8d).

g IO' oxi gtlgl{}g‘?_errat ion act igRnen |CHleofigdtihg Chil Obseavad | natidmatigr mgence  of
met abol i c 4 Ve ion Teslts 9 't'llnma df cehdurdunbereelty (plebé)oimos or(ed)
(Blg/)rI? xt u[ ,ﬁlg' ot &..g obseryed aperratiopy 1 at e [nL(hgyr s)fcel I s 2( pi ecg)

ank contr 24002 -Setventi—cont ot 24105 Sot yent
_ 1 16Nt rol 0. 5341001| S9
contr ol 0. 52085Rt PREPldot oy b 0a-52416607 f0- 00524 ]Hp3 2P. 00. 524100
CP20. 0- 241 lvent control . 2
Sg control 0.5 24 100 1
Tetrodotoxin 5.0 0.5 24 100 0
10.0 0.5 24 100 3
_ 20.0 0.5 24 100 0
CP 20.0 - 24 100 0
20.0 0.5 24 100 50
Blank control - 48 100 2
Solvent control - 48 100 2
Solvent control 0.5 48 100 3
Sg control 0.5 48 100 0
Tetrodotoxin 5.0 0.5 48 100 1
10.0 0.5 48 100 1
20.0 0.5 48 100 1
CP 20.0 - 438 100 3
20.0 0.5 48 100 42"

** By comparison with the Sy control group, P<0.01.

As shown in Table 30, at 24 hours and 48 hours exposure, chromosomal aberration

5 rates of the blank control group were both 2%; those of the solvent control groups, 1%,

2%, respectively; those of solvent control in the presence of Sy, 1% and 3%, respectively;

those of So control, 1% and 3% respectively. For tetrodotoxin groups, the chromosomal

aberration rates fell between 0% ~ 3% at concentrations of 5.0 ~ 20.0 pg/mL. Structural

aberrations were found in the chromosomes. The chromosomal aberration rates of the

10 positive control CP group were 50% and 42% respectively (P<0.01), whereas they were
0% and 3% respectively in the absence of metabolic activation.

The above results indicated that in the absence of metabolic activation the
chromosomal aberration rtates of the blank control group, the solvent control group, the
tetrodotoxin groups at the concentration range of 5.0~20.0 pg/mL fell within the normal

15 range, whereas those of the positive control MMC group manifested significant increases.
In the presence of metabolic activation the chromosomal aberration rates of the blank
control group, the solvent control group, the solvent plus Sy control group, Sy control
group, the tetrodotoxin groups at the concentration range of 5.0~20.0 pg/mL also fell
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control 0. 5481003 S9 control 0. 5481000 Tetrodotoxin 5.00.5481001 18 March 2005
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with the S9 control group, P<0.01. As shown in Table 30, at 24 hours and 48
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reliability eficrbhicteut eabs. SThe eemltd eticafedrbat dflet doghg/iostiationtthe mécronucleus
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bat ch no. 931Z50P Wasffn"r<hie Ry o RafRGie 20 VED ree
dose groups, (PEROVdoTBXhS arg 2. Sug/kadidnoteaysaay corsiderableshangest in this test.
The rout e2ef admi rli‘he;mlimmwhus/\asesmﬁttheamsgulemtetrmotomp atll pgrkg phukawrsAt. Two
control groupguMesE hass, 4BRslirs, ane MelfousAfvee osifg ater dibplayeduip Table 31. The
results of all groups fell within normal range. Based upon above results, the time to
sacrifice animals for preparing specimens was to be determined at 24 hours after the first

dosing.

25 Table 31. Micronucleus rates of mice dosed tetrodotoxin at 10 pg/kg at various time

points
Time Point Number of Number of Micronucleus
(hour after dosing) polychromatic Micronucleus cells r_a.te(%)
erythrocyte (X £SD)
12 6000 22 3.7£22
24 6000 8 1.3+1.0
36 6000 18 3.0+1.1
48 6000 16 33+13
72 6000 24 40+2.5
Solvent 24 6000 13 22+0.8

The results of those animals given tetrodotoxin at 10, 5 and 2.5 pg/kg are displayed
in Table 32. The micronucleus rate of tetrodotoxin at 10 pg/kg was 4.3 %0, which was



of acetic acid (0.02%; and another, a positive control group of

cycl ophospham de (CP, 60 ny/kg). Another group of tetrodotoxin ag Md2cH/3095
was al so assigned to sanple at 12 hours, 24 hours, 36 hours, 48 hours and
72 hours after drug dosing, while for all other groups speci nens were nade
at 24 hours after the first dosing, so as to exam ne their 15 m cronucl eus
rates. The results indicated that aftersxdosing/induction the m cronucl eus
rate of tetrodotoxin at 10 g/ kg was 4.3% which was significantly different
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48 hours, and 72 hours "‘é’f“‘t%’rWS%“H&}‘*‘&V@“HP%H}%‘?‘@%I“‘M‘gFﬁBP% 31. The results
of all gro[ipsS Tellbos\éﬁtn' N NOKN{Rbef 6¥10€- | Ba3Gini G ajove 'i\%%i-Untu%leusI he tine

to sacrif|ce an pegi o {be de ed a; 24
hours aftef the Q‘gmgf do s%nﬁ%%?%é | e BWREZ:E?%H%CI eus rg?;% Sil Ce
dosed t et r pdetextp—at tgi-kG "'”:fu's t+H-re—petnats—H-rePai M _nubber of
Nunber of M prnp|]| Ie_us_(_h,g_u_r_a_;ﬁ_qp&r dosi-hg)poly gﬁhr omatlic. M chdE |1r6|*
cel I srate(® _erythrocyt eX _SD) $¥¥000223]7 2. 3524600q81.3 2:5¢ B@saoo 183.0
1.1 486000[63.3 25 3 7260002446800 2. 5 Sl vent 12460001132. 2 @28 The résul ts
of those api nalSolgnven tletrodod@0 n at 10, 5 dBd 2.5 |g/ kg aeg #0.8pl ayed in
Tabl e 32. Thecrieon@rkey! ejus rat eotf tetrpdot ox279 at 10 g/ kgiewsasa4+8 04 00,

whi ch was 18BMedrafaridbiwith e seibat: bdup,Gedolas di TTerent from that of the
sol vent control (P<0,05), The nicronucleus rates of other groups fell

within the hoPHasmpatisewithfieisalvengrougs PO positive control was highly
significantly di fferent fromthat of the sol vent control (P<0.01). Tabl e

32. M cronucl eus . r in ou se Nu er. .of Nunb of
Un er the condlixons orpthls test, such as %osagg fevao route mm1strat10n an

dosing plan, the results indicated that the micronucleus rates mduced by intramuscular
injection of tetrodotoxin at 10 pg/kg increased slightly and were statistically different from
10 that of the solvent control (P<0.05). The micronucleus rates induced by tetrodotoxin at
2.5 and 5 pg/kg (im.) fell within the normal range, whereas that by the positive control
was highly significantly different from that of the solvent control (P<0.01). These results
evidenced reliability of this experimental system.
The results of the experiment indicated that tetrodotoxin at high dose level, 10
15 pg/kg that is equal to %2 LDso, had some effect on mouse micronucleus rate, but this is not
of clinical significance because this dose is much higher than those of clinical use. To
further examine such effect of tetrodotoxin, we carried out some supplemental studies
(please refer to the following attachment).

L)

Attachment:
20 To further examine tetrodotoxin’s effect on mouse micronucleus rate, we carried
out a supplemental test with results displayed in Tables 33 and 34.



M cronucl eus (g/kg)pol ychromatic M cronucl eus rate(% erythrocytecell sX SD)
106000264. 3 1.6* 56000152.5 1.5 2.56000132.2 t 1.3 Sol vent 6000183 #arch Q085
CP (60600027946.5 12.8** 5 *By conparison with the solvent group, P<0.05

** By conparison with the solvent group, P<0.01 Under the conditions of
this test, such as dosage |level, route of adm nistration and dosing plan,
the results indicated that the m cronucieus rates induced by intranuscul ar
injection of tetrodotoxin at 10 .tg/ kg increased slightly and were
statistically dlaf)feSBenEffEétQiN&ﬁng hatmemty bitetrsddtuxinon adatonotlefsia@®*05) . The
m cr onucl eys—+ates—induced-by—tetrodotoxr—at—2-5and->5 mm—)——fell
Wi thin the MW&P‘OP‘M wher cRQute AL y| t he %“s’?l‘“‘ sxate /st SD) o hil ghl y
significantly ditgedent f rorﬁdt“Ha't‘traf‘O'l he sol vent §B’r$iler‘51°°'(“¥9§0. 01). These

results evidenced relia I|t\/ of this e “CQ\’ ] ts of

the experient 9 ndicated { hat teinrodot ox{n at hjigh dose |eds3+080 15 pg/ kg
that is eqyal t®5'/Z LDso, had sone effepct od3wuie nigcrond2Lds rate, but
this is notf ofsglinical signifiigance bepausa 493 dosge is aueh.c6hi gher than
t hose gf clfifmicgjp use. To Furthgf exam pe syqdy ekf ect| of stgfpqeet oxijn, we
carried out— FP?HHHai&“ (ptease Tefer to the fol ow ng
attachnment) . Nxtht%c% ] EO q_&g? :Ither exam ne tetrodotoxin's effect on
gousle m croﬁﬁf\k@wcnatse we carried out a supplenental test with results

i spl ayed i R 4abl n : 4 Table 33. Effect of dosing
frequency of tlg{brogsg)gt ?gsoﬁ%vrhmﬁg%% tt(;ct?é&)@%ou? Tet r odot oxi n Dose Route of
M cronucl eus rate (/00 SD) (tg/kg)adm nistrationSingle injection |Inductive

10: 0f om 10 Tablegd: 5eftadt ol sominriysoh vhfeedt ool ofbrdfuchls e °

Tetrodotoxin Dose (ng/kg) Route of Administration Micronucleus rate (O/ooi
SD)
7 im. 47135
7 i.p. 4017

As shown in Table 33, the micronucleus rate of tetrodotoxin at high dose (10 pg/kg)
by single dosing was 5.842.4%, which was slightly higher than normal; whereas the
micronucleus rates of tetrodotoxin at 2.5, and 5 pg/kg fell within the normal range but
those by inductive dosing (two injections) were all higher than those by a single injection.

10 Two routes of administration, i.m. and i.p., were compared, and the results in Table 34
indicated that the micronucleus rates of these two routes were not significantly different.

Conclusively, the effect of tetrodotoxin on the marrow cell micronucleus rate of
AMS mice was studied in this test. At dosage levels ranging from 1/2 to 1/8 LDsq,
tetrodotoxin did not induce any significant increase in micronucleus rate except that the

‘15 results of tetrodotoxin at 1/2 LDso were slightly higher than normal. Neither did the route
of administration statistically make any differences in the micronucleus rates.

It is understood that the foregoing description and specific embodiments shown
herein are mere illustrative of the best mode of the invention and the principles thereof.
20 Modifications and additions to the invention may easily be made by those skilled in the art
without departing from the spirit and scope of the invention, which is therefor understood
to be limited only by the scope of the appended claims.
Articles of the scientific periodical and patent literature cited herein are hereby
incorporated by reference in their entirety and for all purposes.



**Two injections ***P<0.05 by conparison with the solvent contrql group. 5
Tabl e 34. Effect of admnistration route of tetrodotoxin o 8ﬁ?ﬁ?bﬁa%?eus
rate Tetrodotoxin Dose (g/kg)Route of Adm nistrationM cronucl eus rate 000
SD) 7i.m4.7 3.5 7i.p.4.0 1.7 As shown in Table 33, the m cronucleus rate
of tetrodotoxin at high dose (10 pg/kg) by single dosing was 5.82.4/00,

- which was slightly higher than nornal ;-58hkereas the m cronucleus rates of
tetrodotoxin at 2.5, and 5 pg/kg fell within the normal range but those by
i nductive dosing (two injections) wer€laynk hi gher than those by a single
injection. 10 Two routes of admnistration, i.m and i.p., were conpared,
and théVeekithts in Table 34 indicated that the mnicronucleus rates of these
two routes were not significantly different. Conclusively, the effect of
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nor mal ;gqui t']qxeer did the route of admnistration statistically nake any
di f f er elaces uskhes sat dorthoitcd]ing 1) whées; ' g%ots -f Qr.egoi ng
descri pti on phatnapetidadlyacesiatls VaGER ?h%%/\ghﬁwg?‘g?%§g®e m?@hicf)ﬁggﬁgzﬁ ive of
t he best node of the invention and the principles thereof. 20 Mdifications

and add.tiong, i L1009 easi be made b hose skilled, in the
art without eif@ﬁ%%%éw r%in#@ﬁ%. P?rle}“lg a°<§e'&fg °¥P£‘F€ ng\FemPPeRd isae ch i s
t her ef or uncfg 4999019 2 ?F?ﬁffs 886 f5irodgtoxtn, anhysisetespdatping pended
clainms. Art i{éﬁ&% 0 t?@‘é" méthayiatsodotexin, sthoxxyitetradatoxin, alepxytetradotoxim end: t ed
herein are here%}"c?cﬁ orporated by reference in their entirety and for all
purposes. 18§ March 2005 -55 Clainms W claim 1. Use of a sodi um channel

bl ocki n‘S co%{ﬁﬁ 2 fchfoph iyyslairg 1awhetinthe gbamiegitionl cémpositinris systahiesihe!

al pha subuni iRtstered %mqﬂer igjectiogsabemamots mjdctioniaaavéno0sini@lion,
systeni ¢ adnPl Weeshionosublioguglingbstiom skiapakge splahibR d§&f8ﬁ%|puﬁx>ﬁpt%lla§8¥i ng
pain. 2. Thelmlﬂaltam:nmluﬂmldﬁbnjdsrsabpémﬂy. wherei n the pharmaceuti cal
conposition conprises a pharmaceuticall’y acceptable vehicle. 3. The use as
set forsh i nThd adeds Set ORBLE CRIHAE [ el bl.ocki ng conpqund i.s one
sel ected fromidigich dpmglﬁb%‘g“&gﬁ%&wgcﬁ)m&w%ﬁﬂVgM&W%%ﬂn,

t et rodam not oxi n, net hoxyte rogo oXI - et hoxy-t et r odot oxi n,

deoxyt et r odoTRX & R ts icacid 4 The pse.as set farth.in claim 1,
wher ei né't he phar macgggt fo ﬁggﬁ?n%olsi“ﬁérgﬁl%pg%’%’ 0Lt ?ryncuropaﬁuc pain.

7. The use as set forth in claim 1, wherein the pain arises from cancer.

8. The use as set forth in claim 1, wherein the sodium channel blocking compound is

administered in a dose of 0.1 to 5 g per kilogram body weight.

9. The usc as set forth in claim 1, wherein the pharmaceutical composition is administered
In one or more doses per day during a treatment period.
'10.  The use as set forth in claim 1, wherein the sodium channel blocking compound does not
cause drug dependence or addiction in the mammal.

11.  The use as set forth in claim 1, wherein the mammal is a female of childbearing age.

12. The use as set forth in claim 1, wherein the sod

ium channel blocking compound d _
have any non-reversible adverse effects. : g po ocs not

13. ‘The use as set forth in claim 1, wherein the sodium channel blocking compound does not

produce local intramuscular irritation at the region where the systemic administration is
performed. ' |



adm ni stered by intranuscul ar injection, subcutaneous injecgtion, .

I ntravenous injection, oral ingestion, sublingual ingesti g:q,'?%flff‘nz%a?t ch,

i npl ant abl e osnotic punp, collagen inplant, aerosol inhalation, or
suppository. 5. The use as set forth in claim1, wherein the pain is caused
by nechanical, chemical or ischemc stdnulation, or inflammation. 6. The
use as set forth in claim1, wherein t'r?g'pai nis chronic or neuropathic
pain. 14 T ohi:n in.claimil, wherein the pain arises from
cancer. 8. ﬁp&%ﬁ%ﬁsﬁ%&%e if“f%é‘f’h*’l%%?’&i‘ G sedigip shannsl blﬁe‘gasetpmm@ﬁalnmmt

bl ocki ng cofpoundRsEeiihhyPersensulyityfeactignde thsrmagnmat.o 5 g per kil ogram
body i.ght, 9. The use as set forth in claim1, wherein the pharmaceutical
co npo\é\ﬁts'r on TN us¢ias et ferdlr wcelainn 1,omecrein thoselinta shannebblodiivg derhpAthd@loes not
treat ment pépduse haardolyZitonusrevasqulastinfulitidh inthEhainMal, Wheérein the Sodi um
channel bl ocki ng conpound does not cause drug dependence or addiction in

h ribal . The. ol ' wh in.the . |
fomal 6 of che ug‘;ﬁ;‘;"ﬁ&;ﬁ%&%ﬁﬁgﬁ‘*ﬁ%‘gg;&hﬁ%ﬂ%ﬁ? FPRiR i S T et

t he sodi um channel bl oc conpou does not have any non-reversible

advers ffe .13. The use as set faorth in claim1, wherein the sodium
chann ele”gl o%%i‘éc %%g?fﬁﬂ"b‘gé@ ﬁétWheﬁ‘?lb dacleeatment periotrisintes tudays, preferabiy 3 on
at the regi Y¥here t he system c adm nistration is perforned. 18 March
2005 -56 14. The use as set forth in claim1, wherein the sodi um channel

bl ocki g corfhwiel agient omlin clpino #6,oehereiy tgenedtlnt iy PGScaRAS| ti Vi ty reaction
in the lrg;mrg;h 15. The use as set forth in claim1, wherein the sodium
channel 1%I ocRierntge aosq dortid irdetefin A0 herbMAHE Sy RAGET) E&&ﬂu,n%b & i

sti nmul at i on thephdrmasautical cordositd i E’Q '16%2 : q,ygg‘ tal 'agﬁln t he
injectable fornulation is ar%% npgﬁg?gﬁlsgﬁs/ﬁ%g 9%lc[)1 lﬂw‘é’g?éc PR a

treat me20. peTheQfde ad det fARR i ; .n_claim116, wherein the

treat ment pejor@iskSa i Zﬁlﬁg&gﬁgﬁégﬁ‘l@ °&‘6%§F§{??°f§.“}%melpe§ das set
forth in cl aihid S Waes: aré[c? aev.':trga r‘ﬁ)as gr'é'f?e%@@&ﬁmqulfﬁ@ddgé‘{%l%et
forth in clajggdy v grelél. %c%%? cculzg farmuda CoflioNiQe(msfecukir asightn and

t he phar macedr CAPT & YUY B8 bonpri ses an acetic acid sol ution of '
tetrodoﬁ‘gxi 20. The use as set forth in claim11l, wherein the sodium
channel “bl ockiiFe@s APdart in elgim 20 sebereinttht sediytelichpricl blockiigRlodpe@aPis Si Ng
two guani di ey dggysaxi yeor neygakitexin.i n a st abl e azaketal |inkage, having a
nol ecul ar formula CLOHL7N/O4 (nol ecul ar weight 299.30) or a derivative

t her eof 22.21. Ththwseuas seteforth @i clath Thwheref thi Baiz O | Ded di.ym channel
e et S
orth in cl aiod, Iyt BadddE RRheBl LRy (LA, - F oo L he

group consi s{gdng&’ Hfg&&ti%es'&st%ﬂxﬁ@a%&r, rect cancer,@e S 11} {he gapidal rgavsaprogiaige

cancer, sto S ¢ reast cancer, réspiratory system cancer,
mﬁ cancer, bronchial cancer, urinary system cancer, lymphoma and skin cancer,

23,  Theuseofa co.mpo.sition.fdrl systemic administration for producing analgesia ina
mammal experiencing pain, the composition comprising a sodium channel blocking

co.mpound that binds to a SS1 or SS2 region of a sodium channel alpha subunit and a
suitable pharmaceutical vehicle.

24,  Theuseof a composition according to claim 23, wherein the sodium channel blocking
compoun.d is one selected from the group consisting of tetrodotoxin, anhydrotetrodotoxin,
tctrodam'motc.)xm, methoxytetrodotoxin, ethoxy-tetrodotoxin, deoxytetrodotoxin and
tetrodonic acid.

25.

T(I;;}g«: ofa com.position accor.di.ng to claim 23, wherein the composition is systemically
administered by intramuscular injection, subcutaneous injection, intravenous injection,

?ral ingestion, su}alingual ingestion, skin patch, implantable osmotic pump, collagen
Implant, aerosol inhalation, or suppository. :



cancer, |lynphatic cancer, esophageal cancer, cancers in t enj t.al _organs,
prostate cancer, digestive system cancer, colon cancer, Bﬁe‘gas‘f{‘c%fﬁéer,
respiratory system cancer, |lung cancer, bronchial cancer, urinary system
cancer, |ynmphoma and skin cancer. 23. The use of a conposition for systemc
adm ni stration for producing analgesia_in a nmamual experiencing pain, the
conmposi tion conprising a sodi um chanrel’ -bl ocki ng conmpound that binds to a
SS 1n§r& SS2_region of a sodium channel al pha subunit and a suitable

phar m#feut i1 NSG e eqraposition Fererding totlaim 23ploseinithapaintocatsatbyt o cl ai m 23,
wher ei n t hanesbanicah cHearinal orbisahetingtimalatigigwathfisnamemsel ected fromthe
group consi,gting of tetraqdotoxin, anhydrotetrodotoxin, . tetrqdam notoxin,
met hoxdt et r QWIS LE A comppgiipn pesordins toslpim 23cuhereiatho BUINdXFHOBART t et r odoni ¢
aci d. 25. Tieropsdiepain. conposition according to claim23, wherein the
conposition is systemcally admnistered by intramuscul ar injection,
subcutZheoukheiusp o8 compositibh AvestAing th Blaitk 2B ORherel the phiddRREd E&Pc ¢i ngual

i ngestion, skin patch, inplantable osnotic punp, c Pagen | npl ant, aer osol
i nhal ag9,on, ' . 575 26. . The . .use of ofposi tion
accordi ng tgffﬁsogﬁg’? g %%Egigcf%%%%%gf?tghggw%s qha%?bfo& & cal
or ischenie stimulatlon, of fi%hto g paridlagsam B Wsihbosi ti on
accord'&g ta claim23, wherein the pain_is chronic or neuropathic pain.

28. Thd use, Y% % STBBYOFIUOR ageRrding taglaim 23, whenehsthewompesition krendnzinistessdi ses
f r om cancerin ong@r mpge doses per day dwinma iredtwantgerioddi ng to cl ai m 23, wherein

t he sodi um channel blocking conpound is adm nistered in a dose of 0.1 to 5
g per R4 ogThemsswi camipgisitions@corting tostaimdf3, wherim (i soliuin SKGAEI1SKidD

clai m 23, weemnpiundidoes nohgmse tiugrdependedes ov fldestivd in ki @a@n@l, NoOre doses per
day during a treatnment period. 31. The use of a conposition according to -
cl ai'm 23, wihe eiafiwnyssition sdeomie RILH9T) WherGARAUAIIRE S {@nafAfse drug
dependence ohildbdaing agy) i n the mamal . 32. The use of a conmposition
according to claim 23, wherein the manmal is a female of chil dbearing age.

33. Theuse Sﬂ"&ﬂﬁ' Jo . di t.0 aim 23, whefein the sodi,um
channe?abl O%Eiﬁugfm d:(gor%o‘?géég%})gcg&ﬁdﬁg QPg‘i} Whoreip thesodivm shapngbblogking
effects. 34 & se B RHTAo IGers eeg effectsd ai m 23, wherein the
sodi umi;@han | bl ocking cqnpound does not produce |ocal intranuscular
irritation CURR O 2EFIBROSHER acqopding tncaign2 3, veltrtinite satiimrchamepblotkinged.
35. The use cgmpaurddessgiot porluge bmabiintrgmuscutdrdiritatiéh amhe eiioh wheretiasli um
channel bl osléteyic admipistration isgserfonmedir oduce any general hypersensitivity
reaction in the mammal. 36. The use of a conposition according to claim 23,

wher el rB3.he Tiadisy6f & bompakitishaskindity 1 ARLYILHSH M bolilAIGERASIRINE | on
or vascul ar pSMhd Bo& M qﬁyg&] . of .a Conposili o 2
accordi ng to@g} ai mgS, V\C}ﬁrebrrée(inﬁct e Hﬁmel% e f@ﬁﬁlffﬁ?tfo&fni ¢ mammat.

36. The use of a composition according to claim 23, wherein the sodium channel blocking
compound does not induce haemolyzation or vascular stimulation in the mammal.

37. The use of a composition according to claim 25, wherein the injectable formulation is

| administered every 3 to 12 hours during a treatment period.,

38.  Theuse of a composition according to claim 37, wherein the treatment period is 1 to 10
days, preferably 3 days. |

39.  The use of a composition according to claim 37, wherein the treatment is repeated.

40. Thc:, use 9f a composition according to claim 25, wherein the systemic administration is
by injection and the composition comprises an aceti¢ acid solution of tetrodotoxin.

41.

The use of a coml?osition according to claim 23, wherein the sodium channel blocking,
compound comprises a tetrahydropurine moiety comprising two guanidine units fused



adm nistered every 3 to 12 hours during a treatnent period. lgg(aréli‘h%g?e of
a conposition. according to claim 37, wherein the treatnent rrod s 1 to
10 days, preferably 3 days. 39. The use of a conposition according to
claim 37, wherein the treatnent is repeated.- 40. The use of a comnposition
according to i m. 2 er el he systemic admnistration is._ by injection
and the corrpggéﬁ%ile n% S ag@%@tétﬂ F:ﬁ@VH’@i ameleryles formulp G vt Gioldsulag 1
The use of a COHPISPLPHAT aderyaivedhereolc] ai m 23, wherein the sodi um channel
bl ocki ng, conpound conprises a tetrahydropurine noiety conprising two
guani di rfe2-unithe ysaeba camphaitioh 2208ing §8clal el Neliertin the Sddiith ehaaalaicking

l'i nkage, haviconmpundisdtdiatyshoitdRih or fdAEGONP4 (ol ecular  wei ght 299.730)
or a derivative thereof. 42. The use of a conposition according to claim

41, whergin t ' oGki ng , conpound . s, hydroxysaxi t oxi n or
neosaxi tg{i n.i%@ﬁg%égggﬁé a?%o %?‘?P‘BH“ c‘ﬁﬂ?ﬁ?‘ﬁdh? alela}g%/% 12 GEFTai n
the pain ari seacped “éﬂb"aﬁife&’ cousitingiof diver eancemecigl easer deiemyesarsgmasbaney er
cancer, rect af2nEHnttemach ganegy dymphaticecantss esoplugoaleances; aneahinthe genital

| ynphati ¢ car¥@ns, Bosiatraeanstr, digestive sysenoanser| colodearger ibkakt caftegabspiratory

prostate canc¥wstendtages lung caysérpbionctiisifance OhiiarF SREAE carl2eE RhpHORNAGAA skin
respiratory emsérem cancer, |ung cancer, bronchial” cancer, urinary system

cancer, Ixnph and ski cancer. 44. A pharnmaceutical conposition for use
in syst eftic a %?ﬁ%’f‘f’%ﬁomﬂﬁ%&rﬁsﬁ@ systeanig edministratian forpreducing
experi enci ng ﬁ%ﬁlgﬁsmﬂﬁé‘}@@ﬁﬁ@&%mn@iogpaihsﬂmgompesidbmammpﬁsimglskodhhﬂcki ng
conpound i s ofansel Weekine tompoutids gnosgleatahiomithagronp sotkisting axdaine|
bl ocki ng conpsehangek blacking nompoundath@Diddsao a$3A dredP2aReidh of as6didinlbRhsaitaN el
al pha subuni t akpha sebumiti andbi smitablephaseicthteal vatgaibcl €. 45. A conposi tion
accordi ng to claim44, wherein the sodi um channel blocking conpound is one
" sel ect ed*?r o crmpositemacaondingito olgin #4} ehdreidAhOxddium JREMEH Blogking dehiPnd is

t et r odam not otierselented iwny thet grodp tensisting OF RvedotoRin, 2MRfdeteftodotoxi

y

deoxyt et r odot teftodrnzinatoxirg i@t @rodetdkin, Shoxdt Y
cl ai m 44, whetetrodorlidigcigonposition is s;/ns’t emxga @%%ﬁéﬁ%ﬁg‘f ’{3‘93&&)

I ntramuscul ar i njection, subcutaneous injection, intravenous injection,

oral ingasti of.co ' on,..skin patch, i .ant abl e ospoti c punp,
col l agen i rrpgdmii}:? 5iliog r{:lﬁ%;iﬁéllé??[g#'g “gc':a' %@@B?rj;})%‘?‘ﬁﬁsyﬁe@%fﬁggy tion
according to gl ol m tfaé’i“ff}‘ 1njcetinn, subes RcOls BYCGtiosh Higa¥enous Injesdion.c al
or ischenmi.c stihupatioBnsublinguakingestian,skin pateh, implantablesosniasic paoppcallagen t o
claim44, whel™® ﬁ“tt?'%%ﬂ%. alafioneor sppeditocy.pai n.  49. A conposi tion
according to claim44, wherein. the pain arises fromcancer. 50. A
conposi t fén adcompositfonacedrding té4laimbid; whereid e R iy Gheabyehechhiei Ng
conpound is echmicdlor éschdmiaistimdlagien, oF iflladrh&ion. 9 per Kil ogram body’ wei ght .
51. A conposition according to claim44, wherein the conposition is

admi ni st dBed Arcontsition according to claim 44, wherein the pain is neuropathic pain.
49,

A composition according to claim 44, wherein the pain arises from cancer.

' 50. A co.m_positiop according to claim 44, wherein the sodium channel blocking compound is
administered in a dose of 0.1 to 5 1g per kilogram body weight.

1. A composition according to claim 44, wherein the composition is administered in one or

more doses per day during a treatment period.

52. A composition according to claim 44, wherein the sodium channel blocking compound
: does not cause drug dependence or addiction in the mammal.

33. A composition according to claim 44, wherein the mammal is a female of childbearing

age.




frore doses per day during a treatnent period. 52. A corrposilgi R&cﬂ%%di ng
.to claim44, wherein the sodi um channel bl ocking conpound “does not cause
drug dependence or addiction in the manmal. 53. A conposition according to
claim44, wherein the mammal is a fermale of childbearing age. 18 March
2005 -59 54. A conposition according to claimd44, wherein the sodium
channel bl ocki ng conpound does not have any non-reversi bl e adverse
effects. 55. A conposition according to°X1 ai m 44, wherein the sodi um
channeIS-‘{)I oc&i ng cqnpound _does not produce |ocal intranmuscular irritation
at t he,”Fegi0MORARSIEon 3sording smtloim 44 whersinrthe scelinrh shamiel blookedg c&fipouad
conposi t i on 4asgaeidiavg anpneh-aeverdble adveseifedtie sodi um channel bl ocki ng
conmpound does not produce any general hypersensitivity reaction in the
mammal .58R7. A coRpBSaaHd ' 0 i 44, . wherein L um channel
bl ocki ng_compaudy rgg'};eéfﬁéﬁ%?%g@gﬁe‘#%ﬁﬁ?s%w%@F@?@??ﬂﬂ&% on in
t he manmmal . §c§m S hpos T SRUaiguar Hitaton 3t fhe pegign e sYRBIC nj ect abl e
“formul ati on TEVQHIFAIGLIS de ery 3 to 12 hours during a treatnent. period.
59. A cgrrpositi.on according to claim58, wherein the treatnent period is 1
to 10 da¥s, Apostesitibh ge@rdimgdo chim 4, shnrisih isediuMcehanetl BibckingRomipouks,
wherein the dowsaphprotucsartyepata tiypdionsiivitgTRRELA iPhc &AM Ng to clai m 46,
wherein the systemic administration is by injection and the conposition
conpri s8%. anAasaigositiat la L Qf 44t SR T i 62.. A j 1] -
T e e
conpri ses a tetrahydropurine’ ol ety r#?’ris R Hiedh units fused
t oget hekgi n zaket al. | i nkage, .hayi ng .a nol ecul ar, forul.a, .
CLOHL7N7 o4 (%‘g eﬁ‘?ii “%&%f 15 ‘QM b‘fh?@%g}'éilw&?tﬁb’é" formavlation igadmjnistered
conposi ti on &CEPdP A hPBrsduting asscatipentiperiedt he sodi um channel bl ocki ng
conpoung,i s ,hydroxysaxitoxin or neosaxitoxin. 64. A conposition according
to clai a9, RAsHIonAscording torqlajasss, mdrerein twrtoatmendipedod s T tolf dayse group
consi sting ofPrelesbly 3daveer, rectal cancer, |ei onyosar coma, bone cancer, :
stomach _cancer, |ynphatic cancer, esophageal cancer, cancers in the

geni t at @k garfs coppaesitian acontingto claiing 68, Wiveifi It RERMBMAGS fepcaRoOn cancer,
breast cancer, respiratory system cancer, |ung cancer, bronchial cancer,

uri nary Glyst eATos@pesition AABRAET: ABf 35 ih&a] %?;%-@%ﬂﬁx@@g psngs
fhar binds. t o8 TG or R A Ml il tm&"sutu?i erKr‘gd 2
phar'mace_&‘i Ca}h!%wpgctf%ﬁtabl canner; and witten material describing

system ¢ adm \i ‘m‘ 8 (o Alakp A ehereim the sotipmohanaent bleskingseonipesnd f or
treat ment of ppises a tetrahydropurine moiety comprising two guanidine units fused togetherina

le azaketal linkage, having a molecular.formula CyoH;7N70x4 (molecular weight -
299.30) or a derivative thereof. _ 10EL17N704 ( gh

63. A composition according to claim 62, whercin the sodium channel blocking compound is

hydroxysaxitoxin or neosaxitoxin,

A composition.ac:cording to claim 49, wherein the pain arises froin a cancer selected from
the group consu;_tmg of liver cancer, rectal cancer, leiomyosarcoma, bone cancer, stomach
cancer, l)fmph_auc cancer, csophageal cancer, cancers in the genital organs, prostate
cancer, digestive system cancer, colon cancer, breast cancer, respiratory system cancer,
lung cancer, bronchial cancer, urinary system cancer, lymphoma and skin cancer.

65. A commercial package comprising:

a pharmaceutical composition a sodium channel blocking compound that binds to a

SS1 or SS2 region of a sodium channel alpha subunit and a pharmaceutically
acceptable carrier; and

written x.n-aterial describing systemic administration of the pharmaceutical
composition to a subject for treatment of pain.




