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knihou Yao Xing Lun (ZEY%5%) az po soucasny &insky
1¢kopis® (Chinese Pharmacopoeia), viak jiZ o tisic let dfive
popisuje pouziti preparatu Ch’an Su (M&Hk, vyslov ,.¢an
su“, Chan Su, japonsky senso, korejsky Sumsu), preparatu
ziskaného z koznich vymeéskt ropuch Bufo gargarizans
Cantor nebo Bufo melanostictus Schneider a dalSich, pfi-
padné jeho vodného extraktu zvaného HuaChanSu
(cinobufacini) k 1é¢eni celé fady chorob a neduhii. Nekdy
je pouzivana samotna suSena kize pod nazvem Chanpi.
Dluzno podotknout, ze bufadienolidy (patfici mezi kardio-
tonické steroidy) jsou obsazeny nejen ve vymésku ropuch
orientalnich, ale Ze jsou ropuchy s obsahem uvedenych
latek rozgifeny po celém svéts’.

Chan Su a jeho derivaty byly a jsou pouzivany velmi
Siroce, od takovych chorob jako izeh a mdloby, bolest
bficha, bolest v krku a dal$i, zvraceni a prijem, srde¢ni
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nedostatecnost, otoky, furunkly, plynatost, rachitis, leuke-
mie az po omezeni rastu nékterych zhoubnych nadorQ
a jejich 1éteni, a dokonce proti toxickym latkdm®.
V japonském stfedovéku si samurajové pro jeho anestetic-
ké ucinky natirali rany masti z Chan Su. Za vyznamnou se
dnes povazuje i aktivita imunomodulaéni’.

Podstatnou slozkou Chan Su jsou kardiotonické stero-
idy. V Evropé 1ékatska véda, aZ na vyjimky, zdstala u pou-
ziti kardioglykosidli pro jejich pozitivn€ inotropni
(zvysujici stazlivost srde¢niho svalu) a negativné chrono-
tropni (snizujici frekvenci srde¢nich stahd) Géinek u léceni
srdecni insuficience, arytmii a nékterych dalSich srdecnich
chorob. Nicméné Evropa a také USA do velké miry opus-
tily pouziti kardioglykosidi, protoze se statisticky zjistilo,
ze stimulace srdce sice zlepsi jeho Cinnost, ale nesniZuje
mortalitu®. Navic davkovani digoxinu vykazuje znaénou
interindividualni variabilitu’. V soudasnosti se zda byt
ucinnéjsi druhy piistup: otevieni periferniho fecisté, a tim
odlehéeni srdci, tady je prezivani pacientd statisticky vy-
znamngjsi.

Vychodni medicina odjakziva, jak jiz bylo feceno,
pouzivala ropusi kardiotonické steroidy bud’ jako substanci
Chan Su, nebo ve formé¢ Chanpi, HuaChanSu, ¢i ve smési
s jinymi 1é¢ivymi drogami, piehled pfinasi cit.®’. Casto jde
o pomérné neobvyklé smési, které vychazeji ze specifik
tradi¢nich asijskych 1éc¢itelskych systémi. Nicméné 1éceni
rakoviny prsu pouZzitim Chan Su bylo popsano jiz v roce
1617 (cit.'®).

Webova encyklopedie tradi¢ni ¢inské mediciny TCM
Wiki fadi Chan Su mezi ,,0zivovaci byliny* (Resuscitative
Herbs; jakkoli ropucha patfi do jiné fiSe) a popisuje ho
jako Stiplavy, teply, toxicky s tim, Ze vyvolava resuscitaci
a osvézuje mysl, mirni toxicitu a bolest, 1¢i abscesy, roz-
sahly karbunkl, velké otoky a zanéty, bolesti v krku a bo-
lesti zubi. Jako jednotlivou davku v pilulkach (pilulae) ¢i
prasku (pulvis) doporucuje 15 az 30 mg, pficemz nabada
davku ptisné dodrzovat. Kontraindikuje drogu t€hotnym
Zendm''.

Hlavnimi projevy otravy Chan Su jsou kiece, zastava
dychani a zanét zazivaciho traktu. Davka LDs, pro ¢lovéka
pfi oralnim podéani Chan Su byvéa uvadéna 0,36 mg kg '.
Obecné bylo rozmezi terapeutickych davek 3—5 mg den™
a méné nez 135 mg den" (cit. ®). Je logické, Ze podle mo-
delu ACD/Labs Percepta je peroralni letalni davka kardio-
tonik o dva fady vyssi nez davka intravenozni a o jeden
tad vys§i nez intraperitonealni'?. Obvykla udrzovaci davka
kardioglykosidd, konkrétné digoxinu, je 0,125-0,250
mg den ' a terapeuticka hladina v plazmé v ustaleném stavu
se pohybuje téméf v ,,homeopatickém* fadu 10° g ml™.

* panacea, oznaceni prostiedku, ktery ma byt schopen 1é¢it v§echny choroby; venenum bufonis, ropusi jed
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Lékati za starych ¢asi u pacientli postupné zvySovali dav-
ku kardiotonik tak, az pacient zacal zvracet, a pak po
uklidnéni aplikovali davku sniZenou na polovinu.

Terapeutické davkovani Chan Su pro posileni srde¢ni
¢innosti bylo 4-8 mg 2-3krat denng, i tak se ale projevo-
vala nevolnost. Davka u léceni malignich tumorli byla
2 ml 2% Chan Su v sezamovém oleji, podana nitrosvalo-
vou injekcei. Toxické ptiznaky, pokud se mluvi o Chan Su,
které se mohou projevit jiz béhem 30 minut, jsou nevol-
nost, zvraceni, necitlivost jazyka, bolesti bficha a prijem,
pénéni v ustech, cyandza prsti, rtll a samoziejmé poruchy
srdeCni ¢innosti. Pitevni ndlez zaznamenal ekchymozu, byl
nalezen mozkovy a plicni otok a také intersticidlni edém
myokardu. Mikroskopické vySetieni popsalo intersticialni
kongesce myokardu, kongesci plic, edém a fokalni krvace-
ni, t€Zky mozkovy edém, edém jater, kongesci ledviny
a balonovou degeneraci. Kromé toho byla popséna o¢ni
toxicita pii pfimém zasazeni o¢i®. Nutno vzit v Gvahu, Ze
otrava touto drogou ma z hlediska pozorovatele pon¢kud
jiny prubéh nez Cista otrava kardiotonickymi steroidy.

Otrava 1é¢ivymi drogami s obsahem bufadienolidu je
pomérné vzacna a ma leh¢i prubéh nez u digitalisovych
glykosidu, protoze bufadienolidy jsou resorbovany z travi-
ciho traktu v mensi mife (coz je zplisobeno tim, Ze resi-
bufogenin a cinobufagin, hlavni slozky Chan Su, nejsou
glykosylovany, a maji tudiz mensi biodostupnost), maji
relativné nizky kardiotonicky ucinek, zato vsak je vystup-
tiovan u&inek diureticky'>.

V ucebnicich najdeme rozdéleni kardiotonickych
steroidd na kardenolidy (steroidni derivaty majici v poloze
C-17 steroidu nenasyceny péticlenny lakton) a bufadieno-
lidy (kde je tento lakton opét nenasyceny, ale Sesticlenny).
Dale se doc¢teme, Ze kardenolidy nachazime v isi rostlinné
a bufadienolidy v fiSi Zivoci$né, toto rozdé€leni je vSak
dnes nutno povazovat za ,,uéebnicové®, protoze neplati na
100 % (cit.'*").

HO HO

kardenolid, 3f3,14-di-
hydroxy-5p-kard-20(22)-
-enolid (digitoxigenin)

bufadienolid, 3f,14-di-
hydroxy-5p-bufa-20,22-
-dienolid (bufalin)

Ze vsech biologickych aktivit byl nejlépe prozkoumén
pozitivné inotropni mechanismus ucinku kardioglykosidd,
jenz je zaloZen na inhibici Na’/K" dependentni ATPasy, zde
odkazujeme na literaturu'®'’. Pro dostate¢nou biodostup-
nost u libovolné studované aktivity musi mit molekula
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bud’ fadu polarnich substituentii kolem steroidniho skeletu,
anebo Sikovnou substituci aglykonu zejména v poloze
C-3B. Mezi sikovné substituce patii zejména glykosidace,
esterifikace né&kolikasytnou organickou kyselinou, ale
1 anorganickou, potazmo kyselinou sirovou nebo fosforec-
nou. Cytotoxické ucCinky jednotlivych kardiotonickych
steroidd'>'® jsou v soudasnosti pfedmétem intenzivniho
vyzkumu, véetnd SAR', pro jejich vyuziti v protinadorové
1écbé. Dalsi biologické aktivity jsou méné studovany
a stejné tak i jejich moZné uplatnéni v ,,zdpadni“ medicing.

Chan Su pfipravené z vytlacenych suSenych vyméskt
usnich a koznich 714z ropuchy se, zejména v Cing&, Koreji
a Japonsku, prodava ,,od nepaméti“ ve form¢ kolacka
(cake, disk-like) nebo desticek (thin-plate, flake).
V soucasné¢ dobé dodavaji cinské farmaceutické firmy
tento vyrobek i v podob¢ prasku. Chan Su miva hnédavou
az tmavé (Cerveno)hnédou barvu, uvnitt vzorku byva jaka-
si opalescence, kterd se obvykle zachova i po rozpusténi
ve vodé. Chan Su vodou bobtna. Bohuzel byva pancovan
zejména Skrobem nebo dokonce mletymi ropusimi k-
zemi®. Na internetovém trzisti Alibaba se d4 koupit, podle
kvality, za vcelku rozumnou cenu kolem 100 $/kg EXW
jako surovy prasek. Lze jej ale koupit i v ¢inskych 1ékar-
nach jako tablety, injekce (nemalobunéény karcinom plic),
roztok (na lé¢eni hnisavych ran), kapky (na obnoveni imu-
nity, jako antiradia¢ni prostfedek) ¢i néplast (proti revma-
tickym a jinym bolestem) a podobné. Rada praci se zabyva
téz kvalitou vyroby tohoto preparatu (napi.’). Piehled
analytické chemie pro tradiéni Cinské 1éCivé pripravky
uvadi i Chan Su?, hezky piehled se zabyva analytikou
cytotoxickych bufadienolidéi®. V posledni dobé Ize zazna-
menat fadu udélenych patentll na rtzna zlepseni vyroby
Chan Su (napt.?).

Biologicka ucinnost Chan Su je vazana na tfi hlavni
pfitomné skupiny latek: bufadienolidy, indolové alkaloidy
a peptidy (i polypeptidy) s tim, ze dale jsou obvykle pfi-
tomny téz dal$i komponenty jako adrenalin, steroly (tj. bez
laktonu na C-17), cyklické amidy, polysacharidy, amino-
kyseliny, organické kyseliny a fada dalSich latek. V Chan
Su byl popsan i steroid s péticlennym nenasycenym lakto-
nem, kardenobufotoxin®~*.

Z Chan Su bylo zatim izolovano vice nez 140 bufadi-
enolidli a je jim ptipisovana zodpovédnost za vyznamné
protinadorové, kardiotonické a anestetizujici G&inky®.
Z nich je vice nez polovina ,,genini*“ (samotnych aglyko-
nu), 16 derivati dikarboxylovych kyselin, kde na druhém
konci kyseliny mlze byt pfipojena aminokyselina
(arginin), a 8 esterti kyseliny sirové.

Steroidni skelet bufadienolidii miize obsahovat celou
fadu substituenti, vcetné hydroxylovych, epoxidovych,
acetylovych, keto, mastnych kyselin se stfednim a dlou-
hym fetézcem, thiosulfonovou kyselinu a jiné. Mén¢ byva-
ji zastoupeny formidty nebo methylethery. Hydroxylova
skupina muze byt v polohach 18, 3B, 58, 11B, 12a, 12,
148, 16 a 19. Kromé toho miize byt v polohach 3, 11, 12
a 19 karbonyl. Vyjime¢né miize byt methylova skupina na
uhliku C-10 nahrazena hydroxyskupinou, peroxoskupinou
(19-norbufadienolidy) nebo oxidovana na karboxylovou
skupinu. Byly také izolovany norbufadienolidy, bufogar-
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Obr. 1. Chan Su kolakovy a desti¢kovy>*

gariziny s obménénymi kruhy A a B: A-nor, B-homo
a A-homo, B-nor’’. Za zminku stoji 1 20,21-epoxy-
bufadienolidy®®.

Aglykony mtzeme rozd¢lit na klasické bufadienolidy
s 14B-hydroxyskupinou a latky odvozené od resibufogeni-
nu obsahujiciho v molekule p-orientovany 14,15-epo-
xidovy kruh. Podle ¢inského 1ékopisu by mélo byt v Chan
Su ne méné nez 6 % resibufogeninu a cinobufaginu, coz
jsou steroidy vyskytujici se v nejvyssi koncentraci.

resibufogenin

bufotalin

Dalsi nekonjugovanou slozkou je téz bufotalin, ktery
byl recentné navrzen m.j. jako prostfedek k 1éceni lidského
zhoubného melanomu®.

Nékdy je jako samostatna skupina bufadienolidi od-
délena skupina tzv. toxind, ve kterych je aglykon substitu-
ovan na hydroxylu v poloze 3 jako hemiester dvousytné
organické kyseliny (nejcastéji kyselina suberova), kterd ma
opacny karboxyl substituovan aminokyselinou (nejcasteji
arginin).

bufotoxin

Indolové alkaloidy bufoteninového typu jsou v Chan
Su obsazeny v mnozstvi témét 8 % a zahrnuji dosud iden-
tifikovanych 15 ve vod€ rozpustnych sloucenin tohoto
typu, vcetné samotného serotoninu. Nesou neurotoxickou
a halucinogenni aktivitu a ta vedla drogové experimentato-
ry az tak daleko, Ze olizovali ropuchy®’. Samotny bufote-
nin, 5-hydroxy-N,N-dimethyltryptamin, je coby psychomi-
meticka latka zpochybiiovan samotnym Shulginem®', ktery
jej pripravil synteticky z 5-hydroxyindolu.

¥ N
/
HO \N\ HO NH,

bufotenin (mappin, serotonin

5-HO-DMT)
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Tteti podstatnou slozkou Chan Su jsou peptidy a pro-
teiny. Zde neni mnoho dat o biologické aktivité, ale jsou
zminky, Ze jde o latky cytostatické, antimikrobidlni, antio-
xidaéni, ovlivijici imunitni a metabolické procesy™,
omezujici proliferaci naddorovych bunc¢k a angiogenezi,
déle proteiny ovliviiujici apoptdézu, majici co do Cinéni
s bunécnymi strukturami, katalytickymi a transportnimi
procesy & se zvysenim transdermalni penetrace®. Byla
publikovana analyza 153 peptida** z Chan Su. Pfipomeii-
me, ze v koznim sekretu ¢inské zaby Odorrana tormota
byly téZ nalezeny a charakterizovany peptidy podporujici
hojeni ran*’. Navic byly nalezeny antimikrobialni peptidy
i v koznich sekretech dalsich zab™.

V literatufe se objevuje popis riznorodého pisobeni
Chan Su. Tak naptiklad v dobé koronavirové pandemie
bylo zjisténo®’, ze Chan Su zlep3uje dychaci funkce paci-
entll téZce zasazenych infekci COVID-19. Patentovano
bylo pouziti Chan Su k lé¢eni AIDS* i jako adjuvans pro
zvySeni imunity”. Chan Su ma vliv na tzkost a depre-
si**¥! ato i ve farmakopunkturni aplikaci do definovanych
akupunkturnich bodd*, je popsana i anestezie pomoci
Chan Su ve farmakopunkturni aplikaci*. Chan Su byl
pouzit k vyrob& piipravku na lé¢eni drogové zavislosti*.
Jakkoli to vypada zvlastné, lze najit prace, kde je popsan
pozitivni vliv Chan Su na zanét zpisobeny radiaci®, coz
muze souviset s tim, ze bufalin ovliviiuje opravu poruch
DNA zptisobenych rentgenovym zatenim*®, Méné& vyhod-
nou vlastnosti z hlediska farmakoterapie je fakt, Zze bufalin
inhibuje CYP3A4 in vitro i in vivo™.

Za zminku jisté stoji patenty, které uvadéji Chan Su
jako 1¢k na erektilni impotenci a ptedéasnou ejakulaci*®*.
K zamysleni vede ale zprava, Ze pouziti topického pfiprav-
ku obsahujiciho bufadienolidy vedlo v letech 1993-1995
k onemocnéni a smrti péti muzi’’; podobné afrodisiakum
s nazvem ,,Kamen 1zisky“5] nebo ,,Jamajsky kamen*>? za-
hubilo dal$i muze®.

Jako piiklad alchymickych smési, které pro ,,zapadni
medicinu“ budou vypadat ptinejmensim zvlastné, uved'me
Liu-Shen-Wan (smés pizma, bezoaru, Chan Su, perel
a realgaru), pfipravek s protizanétlivou, protinddorovou,
antivirovou, analgetickou, antibakteridlni a imunomodu-
la¢ni aktivitou se pouziva téz pii infekénich onemocnénich
(chtipka)®™* a m.j. i pii polybakterialni sepsi vyvolané per-
foraci slepého stieva™. She-Xiang-Bao-Xin (smés piZma,
zluCovych kament, Chan Su a Ctyf rostlinnych drog) se
pouziva pii ischemické chorob& srde¢ni a hypertenzi®.
Smés z Chan Su, broskvového semene, gardénie, mandli,
lepkavé ryze, bilého pepie a vajecného bilku byla patento-
vana jako 16¢ivy piipravek na epilepsii®’. Jina smés Chan
Su a arsenu byla patentovana jako 1éCivy pfipravek na
praseéi virovou horetku®®. Cinsky lékopis uvadi nékolik
desitek takovych 1é¢ivych piipravki, soudoba patentova
literatura o fad vice. Podle casopisu Forbes se téchto pfi-
pravkii prodaji miliony dévek roén&*.

Vyznamny zastupce biologicky aktivnich pfirodnich
latek Chan Su je v posledni dobé stfedem velkého zajmu
védeckého zkoumani zalozeného na diikazech. Zatimco do
roku 1994 byly publikovany ro¢né nanejvys jednotky praci
na toto téma, v mezidobi 1995-2010 desitky, tak
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v poslednich letech desitek né€kolik. Svéd¢i to m.j. o vel-
kém zajmu odbornikid o obsahové latky Chan Su, potazmo
o bufadienolidy a zejména o jejich vliv na rizné typy na-
dorti. Léciva droga, pouzivana jiz n€kolik tisic let, je tak
stale opravnén¢ ve stiedu zajmu. V ropusim jedu (venenum
bufonis) stvofila pfiroda pravou knihovnu biologicky ucin-
nych latek, kterou se v Orientu naudili lidé pouzivat jiz
pred tisicovkami let a kterou vyrabéji, pouzivaji a zkouma-
ji dodnes.
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M. Juragek’, L. Opletal’, E. Kmonitkova®, and P. Dragar®
(“ Department of Chemistry of Natural Products, Universi-
ty of Chemistry and Technology, Prague, °® Department of
Pharmaceutical Botany, Faculty of Pharmacy in Hradec
Krdlové, Charles University, Hradec Krdlové, © Department
of Pharmacology, 2nd Faculty of Medicine, Charles Uni-
versity, Prague): Venenum Bufonis — Panacea?

An important representative of biologically active
natural substances, Chan Su, has recently been the focus of
great interest in evidence-based scientific research. While
until 1994 no more than single papers on this topic were
published annually, in the period 1995-2010 there ap-
peared tens, and in recent years several tens. This indicates
a great interest of experts in the components of Chan Su,
and thus in bufadienolides and especially in their influence
on various types of tumours. The corresponding medicinal
drug, being used for several thousand years, is still rightly
in the centre of attention. In the toad venom (Venenum
bufonis), nature has created a real library of biologically
active substances, which people in the Orient learned to
use thousands of years ago and which they produce, use
and examine to this day.

Full text English translation is available in the on-line
version.

Keywords:  toad venom, cardiotonic steroids, bufa-
dienolides, glycosides, conjugates, Chan Su, traditional
Chinese medicine
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In 1775, the English physician

* William Withering was inspired
FOXGLOVE, . by the extensive study of curing
o 2 dropsy by foxglove infusions of

Someoliv Medicl Ulss - T8 the  herbwoman (the mythical
T e e 3 "Mother Hutton"). After ten

: ot | years, he has published a scien-

=,“’.'.?..';1.‘.:T.,‘.’i.',f.;l.',i,‘}.'3:_°;_;‘;_ o tific study on the effects of this
: plant'. Much later, cardioglyco-
sides were isolated and character-
ized from foxglove. However,
“& Chinese literature, from Yao
Xing Lun (Z£{4#) to the current Chinese Pharmacopoe-
ia%, describes the use of Ch'an Su (i&%k, Chan Su, Japa-
nese senso, Korean Sumsu), a preparation obtained from
the skin secretions of the toad Bufo gargarizans Cantor or
Bufo melanostictus Schneider and other toads, or its aque-
ous extract called HuaChanSu (cinobufacini) for the treat-
ment of a wide range of diseases and ailments. Sometimes
the dried skin itself is used under the name Chanpi. It
should be noted that bufadienolides (belonging to cardio-
tonic steroids) are contained not only in the secretion of
oriental toads, but that toads containing these substances
are widespread throughout the world”.

Chan Su and its derivatives have been and are used
very widely, for diseases such as sunburn and fainting,
abdominal pain, sore throat and others, vomiting and diar-
rhoea, heart failure, swelling, furuncles, flatulence, rickets,
leukaemia, and to restrict the growth of some malignancies
tumours and their treatment, and even against toxic sub-
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stances*. In the Japanese Middle Ages, samurai used
wound ointment from Chan Su for its anaesthetic effects.
Immunomodulatory activity is also considered important
today’.

Cardiotonic steroids are an essential component of
Chan Su. Medical science in Europe, with a few excep-
tions, used cardioglycosides for their positive inotropic
(increasing cardiac contractility) and negative chronotropic
(decreasing heart rate) in the treatment of heart failure,
arrhythmias and some other heart diseases. However, Eu-
rope, as well as the United States, has largely abandoned
the use of cardioglycosides because it has been statistically
found that stimulation of the heart improves heart function
but does not reduce mortality’. In addition, digoxin dosing
shows considerable interindividual variability’. At present,
the other approach seems to be more effective: opening the
peripheral bloodstream and thus relieving the heart, here
survival is statistically more significant.

Eastern medicine has always, as already mentioned,
used toad cardiotonic steroids either as a substance in
Chan Su, or in the form of Chanpi, HuaChanSu, or in a
mixture with other components drugs the literature brings
an overview™”. These are often relatively unusual mixtures
that are based on the specifics of traditional Asian medi-
cine. However, the treatment of breast cancer using Chan
Su was described as early as 1617 (ref.'”).

The TCM Wiki, the Chinese Encyclopedia of Tradi-
tional Chinese Medicine, ranks Chan Su among the
"Resuscitative Herbs" (however, the toad belongs to anoth-
er kingdom) and describes them as pungent, warm, toxic,
causing resuscitation and refreshing the mind, mild toxici-
ty and pain. Treats abscesses, extensive carbuncle, large
swelling and inflammation, sore throat, and toothache.
TCM Wiki recommends 15 to 30 mg as a single dose in
pills (pilulae) or powder (pulvis), while encouraging strict
adherence to the dose. Contraindicates the drug to preg-
nant women'".

The main manifestations of Chan Su poisoning are
convulsions, respiratory arrest, and gastrointestinal inflam-
mation. The human LDs, dose for oral administration of
Chan Su is reported to be 0.36 mg kg '. In general, the
therapeutic dose range was 3—5 mg day ' and less than
135 mg day ' (ref.®). It is logical that according to the ACD/
Labs Percepta model, the oral lethal dose of cardiotonics is
two orders of magnitude higher than the intravenous dose
and one order of magnitude higher than the intraperitoneal
dose'?. The usual maintenance dose of cardioglycosides,
specifically digoxin, is 0.125-0.250 mgday ' and the
steady-state plasma therapeutic level is almost in the

* panacea, remedy able to treat all diseases; venenum bufonis, toad venom
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"homeopathic" order of 10~ g mL™". In the old days, phy-
sicians gradually increased the dose of cardiotonics in
patients until the patient began to vomit and then, after
sedation, applied the dose reduced by half.

The therapeutic dose of Chan Su to strengthen the
heart was 4-8 mg 2-3 times a day, but still caused nausea.
The dose for the treatment of malignant tumors was 2 mL
of 2% Chan Su in sesame oil, given by intramuscular in-
jection. Toxic symptoms in regard to Chan Su, which can
manifest as early as in 30 minutes, are nausea, vomiting,
tongue numbness, abdominal pain and diarrhea, foaming
in the mouth, cyanosis of the fingers, lips and, of course,
heart disorders. An autopsy finding showed ecchymosis,
cerebral and pulmonary edema were found too, as well as
interstitial myocardial edema. Microscopic examination
described interstitial myocardial congestion, lung conges-
tion, edema and focal hemorrhage, severe cerebral edema,
liver edema, renal congestion, and ballooning degeneration
of the renal tubules. In addition, ocular toxicity in direct
contact with the eyes has been reported®. It must be taken
into account that, from the observer's point of view, poi-
soning with this drug has a slightly different course than
pure poisoning with cardiotonic steroids.

Poisoning with bufadienolide-containing drugs is
relatively rare and milder than with digitalis glycosides
because bufadienolides are less absorbed from the gastro-
intestinal tract (due to the fact that resibufogenin and cino-
bufagin, the main components of Chan Su, are not glyco-
sylated and therefore have lower bioavailability) have
a relatively low cardiotonic effect, but the diuretic effect is
increased"”.

In the textbooks we find the division of cardiotonic
steroids into cardenolides (steroid derivatives having an
unsaturated five-membered lactone in the C-17 position of
the steroid) and bufadienolides (where this lactone is again
unsaturated but six-membered). Furthermore, we read that
cardenolides are found in the plant kingdom and bufadi-
enolides in the animal kingdom, but this division must
now be considered "textbook" because it does not apply to
100% (ref."*').

Out of all biological activities of the positive ino-
tropic mechanism of action of cardioglycosides, which is
based on the inhibition of Na'/K" dependent ATPase, was
investigated in deeper detail, here we rely on the litera-

HO HO

cardenolide, 3f3,14-
-dihydroxy-5B-card-20(22)-
-enolide (digitoxigenin)

bufadienolide, 33,14-
-dihydroxy-5f-bufa-20,22-
-dienolide (bufalin)

Review

ture'®!”. For sufficient bioavailability in any of the biologi-
cal activity studied, the molecule must have either a series
of polar substituents around the steroid backbone or a clev-
er substitution of the aglycone mainly at the C-3f position.
Handy substitutions include, in particular, glycosidation,
esterification with polyfunctional organic acid, but also
inorganic acids, i.e., sulfuric acid or phosphoric acid. Inhi-
bition of Na'/K" dependent ATPase is, of course, associat-
ed with the treatment of heart disease, blood circulation,
edema, and related diseases. The cytotoxic effects of indi-
vidual cardiotonic steroids'*'® are currently the subject of
intensive research, including SAR' and their use in anti-
cancer therapy. Other biological activities are less com-
mon, as well as their possible application in "Western"
medicine.

Chan Su prepared from extruded dried exudates of the
ear and skin glands of toads, especially in China, Korea,
and Japan, has been sold "since the old times" in the form
of cakes (disk-like) or thin-plate (flake). At present, Chi-
nese pharmaceutical companies also supply this product in
powder form. Chan Su tends to be brownish to dark (red)
brown, there is a kind of opalescence inside the sample,
which usually persists even after dissolving in water. Chan
Su swells with water. Unfortunately, it is often adulterated
with starch or even ground toad skins®. At Alibaba internet
marketplace, it can be bought, depending on the quality,
for a reasonable price of around $ 100/kg EXW as a raw
powder. However, it can also be bought in Chinese phar-
macies as tablets, injections (non-small cell lung cancer),
solution (for the treatment of purulent wounds), drops (for
restoring immunity, as an anti-radiation agent), or a patch
(for rheumatic and other pain) and the like. Many publica-
tions also deal with the quality of production of this prepa-
ration (e.g.>"). An overview of analytical chemistry for
traditional Chinese medicinal products also lists Chan
Su?', and a nice overview deals with the analysis of cyto-
toxic bufadienolides®. Recently, there have been a number
of patents granted for various improvements in Chan Su's
production (e.g.>).

The biological activity of Chan Su is linked to the
three main groups of substances present: bufadienolides,
indole alkaloids, and peptides (including polypeptides),
there are also other components present such as adrenaline,
sterols (i.e. without lactone at C-17), cyclic amides, poly-
saccharides, amino acids, organic acids and many other
substances. In Chan Su was also found a steroid with
a g\gi-membered unsaturated lactone, cardenobufotox-
in~",

Thus far, more than 140 bufadienolides have been
isolated from Chan Su. They are found responsible for
significant antitumor, cardiotonic, and anesthetic effects®.
Of these, more than half are "genins" (aglycones alone), 16
dicarboxylic acid derivatives, where an amino acid
(arginine) can be attached at the other end of the acid, and
8 sulfuric acid esters.

The steroid skeleton of bufadienolides can contain
avariety of substituents, including hydroxyl, epoxide,
acetyl, keto, medium and long chain fatty acids, thiosul-
fonic acid, and others. Formates or methyl ethers are less
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Fig. 1. Chan Su disc-like and thin-plate?*

common. The hydroxyl group may be in positions 18, 3f,
5B, 11, 120, 12P, 14, 16p, and 19. In addition, there may
be carbonyl in positions 3, 11, 12, and 19. Exceptionally,
the methyl group on carbon C-10 may be replaced by hy-
droxy, peroxo (19-norbufadienolides), or oxidized to
a carboxyl group. Norbufadienolides, bufogargarizines
with modified rings A and B were also isolated: A-nor, B-
homo and A-homo, B-nor?’. There are also worth mention-
ing 20,21-epoxybufadienolides™.

resibufogenin

bufotalin

Aglycones can be divided into classical bufadi-
enolides with a 14fB-hydroxy group and substances derived
from resibufogenin containing a f-oriented 14,15-epoxide
ring in the molecule. According to the Chinese Pharmaco-
poeia, Chan Su should contain not less than 6% resibufog-
enin and cinobufagin, which are the steroids found in the
highest concentrations.

Another nonconjugated component is also bufotalin,
which was suggested i.a. as a remedy for human mela-
noma”.

Sometimes a group of so-called toxins is described as
a separate group of bufadienolides, in which the aglycone
is substituted on the hydroxyl in position 3 as a hemiester
of a bifunctional organic acid (usually suberic acid) which
has the opposite carboxyl substituted by an amino acid
(most often arginine).

bufotoxin

Indole alkaloids of the bufotenine type are present in
Chan Su in an amount of almost 8% and include the 15
water-soluble compounds of this type identified so far,
including serotonin itself. They carry neurotoxic and hallu-
cinogenic activity, and this has led drug experimenters so
far that they have licked toads®®. Bufotenine itself,
5-hydroxy-N,N-dimethyltryptamine, is challenged as
a psychomimetic substance even by Shulgin®', who pre-
pared it synthetically from 5-hydroxyindole.

The third essential component of Chan Su are pep-
tides and proteins. There is not much data on their biologi-
cal activity, but it is mentioned that they are cytostatic,
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antimicrobial, antioxidant, immune and metabolic*, limit-
ing tumour cell proliferation and angiogenesis, as well as
proteins affecting apoptosis, which have to do with cell
structure, catalytic and transport processes, or with an in-
crease in transdermal penetration®. An analysis of 153
peptides from Chan Su was published*. Recall that in the
skin secretion of the Chinese frog Odorran tormota, pep-
tides promoting wound healing were also found and char-
acterized™. In addition, antimicrobial peptides were found
in the skin secretions of other frogs™.

There are listed in the literature very different activi-
ties of Chan Su. For instance, at the time of the corona-
virus pandemic, Chan Su was found®’ to improve respira-
tory function in patients severely affected by COVID-19
infection. The use of Chan Su for the treatment of AIDS*®
and as an adjuvant to increase immunity®® has been patent-
ed. Chan Su affects anxiety and depression***!, even in the
pharmacopuncture application to defined acupuncture
points*, anesthesia with Chan Su in the pharmacopuncture
application is also described*. Chan Su was used to cure
a drug dependence®. Strange as it may seem, publication
can be found describing the positive effect of Chan Su on
radiation-induced inflammation®, which may be related to
the fact that buffaloin affects the repair of DNA defects
caused by X-rays*. A less advantageous property for phar-
macotherapy is the fact that bufalin inhibits CYP3A4 in
vitro and in vivo".

There are certainly worth mentioning the patents,
which present Chan Su as a remedy for erectile impotence
and premature ejaculation*®**. However, a report sug-
gests™ that the use of a topical preparation containing
bufadienolides led to the illness and death of five men in
1993-1995; a similar aphrodisiac called "Stone of Love""'
or "Jamaican Stone"*” killed other men™.

Examples of alchemical mixtures that will look at
least strange for "Western medicine" are: Liu-Shen-Wan
(a mixture of musk, bezoar, Chan Su, pearls, and realgar),
a product with anti-inflammatory, anti-tumor, antiviral,
analgesic, antibacterial and immunomodulatory activity. It
is also used in infectious diseases (influenza)™ and e.g.
even in polybacterial sepsis caused by appendix perfora-
tion®. She-Xiang-Bao-Xin (a mixture of musk, gallstones,
Chan Su, and four herbal drugs) is used in coronary heart
disease and hypertension®. A mixture of Chan Su, peach
seeds, gardenia, almonds, sticky rice, white pepper, and
egg white has been patented as a remedy for epilepsy’’.
Another mixture of Chan Su and arsenic has been patented
as a drug for swine virus fever”®. The Chinese Pharmaco-
poeia lists several dozen of these preparations; contempo-
rary patent literature has an order of magnitude more. Ac-

Review

cording to Forbes magazine, millions of doses of prepara-
tions with Chan Su are sold each year’.
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Abstract

An important representative of biologically active
natural substances, Chan Su, has recently been the focus of
great interest in evidence-based scientific research. While
until 1994 no more than single papers on this topic were
published annually, in the period 1995-2010 there ap-
peared tens, and in recent years several tens. This indicates
a great interest of experts in the components of Chan Su,
and thus in bufadienolides and especially in their influence
on various types of tumours. The corresponding medicinal
drug, being used for several thousand years, is still rightly
in the centre of attention. In the toad venom (Venenum
bufonis), nature has created areal library of biologically
active substances, which people in the Orient learned to
use thousands of years ago and which they produce, use
and examine to this day.
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