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Abstrace: The glyconlkloids a-choconine. w-solomargine, a-s0-
lanine, solasonine. sycoplianlie, and tomatine, a5 well s the
aglycones demissidine, solanidine. solanocapsine, solssone,
Tamatidine, and veralrine were tested a5 grawth inhifitors of
Typonosoina cruzi, stain E, in LT medium, Their activity was
compared with the antifungal ketoconazole. Glycoallaloids
contairing w-chacotriose showed trypanolytic actvity aginst
the epiastigote form and trypanocidal activity aganst the
bioodstream aud metacyclic rypomastigate form of Trypanaso.
ma cruz in culture medium n it romolar concentrations. Ke-
tocomacole showed a lower actiity, at the same concentrations
of a-chacanine and csolermargine. he observations indicate
that the nital target of the compound s t tle tembrane le-
vel with & concomitant change In the parasite morphology.
Moreaxer, intemal compartments of the parastes were ob-
served Lo be affected by the drugs.revealing the dissolutlun of
some organeles a5 mitocondrias and glycosomes.

Hey words: Sulamim alkaloids, steroidal glycoatkaloids, Trypo-
osonma crazi, keloconazole, trypanolytic cffects, trypanocidal
effects.

Abbreviations:
e liver infusion-Lryptose medhum
oD; optical density

1IMG-CoA reductase:hydroxymethyl glutaryl-Coenzyme A
reductase
PB: phosphate-saline buller (pH 7.0}

DEAE diethyl amino-ethyl

intraduction

Chiagas disease, a chronic illness caused by the flagellale
parssite Tropunusama cruzi is 2 public health problem in
many Lati Anesican countries exposing around 90 million
prople to the risk of infection. Belweeen 16 1o 20 millions were
lnfected in 1992 (1. 2). Most anliprolazoan drgs naw
available are toxiv o1 lelhal, many requiring intravenous
administration and prolonged treatment, Nane of them would
possibly be approved today by drug-monitoring agencies {3).
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oo appraches have been formulated L the anliparasite
chiematherapy: one. of them refes on testing the biological
activity of nowe drugs or natural agents and the orher sggescs
identifying the bioluical arket and searching for 3 specifc
inhibitor for ehat target (4).

Using the approach of testing different natural anti-trypan-
ocidal_ compounds, Lhe analysis of the effects of Solanum
alkatoids was proposed because Uscy show biological activity
of medicinal value. There s evidence that solacongstidiue:
and solallordine show suong antifungal activity against
Candida albicans, Cryptocaccus neoformuns, Trycoplston ri-
briain and other pattgenic fungus (5, 6} whilc a-solamarginc
and a-solasonite posstss anlilangal (7, 8, 9, 103}, insecticidal
(1) molluscicidal {12), and antibacteridal (13) activity. Also.
-solamargine and a-Chaconine present aclivity against Hier-
pes simplex , Herpes zoster, Herpes genitalis and the measles
vitus (13, 14}, Other medicital propesties of these alkaloids
include their action as anlituiuial agents against sarcoma
180 in mice {15, 16, 17), mclanoma BIGIF1 in mrice (Chataing,
unpublished tesuits) and malignant and premalignant skia
lesions (17, 18).

T Ui work, we reporl experiments which demonstate the
anticltypanossimal activity of Solwtn glycoalkalaids against
Trypanosanta erizi. steain EP, in cullured iediuon,

Materials and Methods
Qrganisms.

Trypunosoina cruzi {Schizotrypann), strain 1R, were grown as
epimastigores it a todified liuid liver infusion Lrytose {111)
meduum containing 7.5% heat inactivated fetal call scrur and
20ug/mil hemine (19) a1 28°C. The cultured mypanosomcs
had all the chasacleristics of the i vivo bloodsiream forms
including morphulogy. Jnfectivity. anligenic variation, and
glucnse metabolism.

The concentration nf epimastigotes was 10 x 10° parasitesiml
at harvesting time. The 98°% metacyclic nypomastigotes were
collected in the stationary phase of growth {3 10 4 x 107
parasites/rul} and purilicd by DEAE-52 cluonatography as
deseribed by Laham (20}
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Bluodsiream {rypamastigoles of fiyposoina cruzt wert:
srovu U albino wice. Bloud was collected from animals
showing high parasitaerias by cardiac puncture. Trypanoso
‘mas were remaved from erylhrocytes aud olher biogd const-
toeats by centrifugation in heparinized fubes at 150, for 20
‘minures, ollowed hy incubation of supernataats at 37 C for 30
‘minutes and cenirifugated agin at 800 for 10 winules. Toe
paasites were washed tw rimes with 15 b Tris. HCI bulfer
(pIf 74 containing 10mM Nacl and 11 M KCl and passed
throghr 3 DEAL-ce lulose column to purify thei.

Extraction und isolation uf t-sofomargine and ocsolasonine

Fresh fruits (770%) of Solamun americanunt Miller were
washed with 250ml af distilled water, minced finely, and
blended. “he mixture was boiled during 5 winutes, glacial
acetit acid (5% uf Lolal volue) aud 520mi of Meo | were
added and left ar roam remperature for thie days, The
wmixtae was fitered and ecotiitugated at 900g for 0
mintites and the supernatant was shaken with a half volune
of CHCI,. The agueous phase was ealed with active carbon
and fllered thiough a Whatman # 1 flter, The Rlirare veas
heated at 70°C and the alkalolds were precipitated wilh
NHLOH at pI1 12. The solids were resuspended in 55 acelic
acid and reprecipitated with NHLOH af pH 12 The cude
allaloids (1.15g) were washed with disilled water, dried, and
dissalved in MeOH “The glycoalkaloids were chromalo-
graphed on an open silica gel column (200g) which was
eluled with CHOL/MeOH;H.Q  mixiures scarting_ with
1407 10:1. 100,m] fractions were collected Fractions 37-46
euled with (he solvent iSture in propotion 90:10:1
afforded 128 mg of solasonine and fracrions 69-- 100 eluted
with the same solvent mixture afforded 152 mg of solamar
gine, The fractians were inspected by 11 an silica gel plates
using with CHCMEOI{1 % NHLOH (2727 1, Jower phase} a
solvent. Solasodine and solamargine showed Ky .32 and 022,
respectively. Uhe identity of the glycoslkaloids was confirmed
Dy VC-NMR spectra by comparisor with valucs reported by
Maato (21, Each alycalkaioid was dissotved in 0.1% acetic
acid and 09% NaCl, filtesed. and steriized uatil it was
ioculated in 11T medinm.

Other Solanum alkaloids

Sycophantine v obluiud font S speophana a5 described
Iy Usabillaga el al. (22). Solanidine solasorioe, tomatidinc.
and tomatine were ubtained from Koch-Light Laboratorics;
demissidine and solanocapsine fiom Roth Laboratories; -
chaconiue, a-solanine, and veratrine wieve obtained from
Sigma Biochernical Corpany.

Biological assays in vitro

To siudy the cffects of Solanum alkaloids upon the epitnu-
stigare form of T-cruzi, Nagellate growlh was allowed (o
proceed until approximately 20 x 10° cellsfral in LIT medinm
2L 28°C. At this time, 300, of parasites were incubated in
fresh LIT medium unti approximately 4 x 10° cellsjml were
obtained and the solubilized alkaloids, sterilized in 022 jm
milipore fiets, were added Lo the cultured mediusm at a final
concentration of 5.7 aM.

The growth af the Irypanosoma cruzi cullure was determined
spectropholometrically at 560 and by determining the
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umber of parasitesul using the Pizzi-Rrener and Trypan
biue hemncytameter methods. Measuremens were (aken day.
(© day and compared with the groweb of Hagellates in LIT
medium with solvent but without drug.

The data wete detcrmined a5 a percentage of growth inhibi-
Gon vs days considering the peicentage in relation o the
contrul with solvent only. Data are presented with the
corresponding sandard deviation of tiplicate measucements.

Statistical andysis

A Student’s lest was used 1o detenmine statiseical signife
cance: pless than 0,05 was considered slatistically diffcrent.

Results
Activity of gfycoatkoloids and aglycones

In tnany Solant species, the glycoalkalolds are preseat as
paits of strucurally refated compounds which share a
commuon_ aglycone wilh eilher solanidane ov spitosolane
skelelon (Fig.1) and dilter ooly in their carbohydrate moiety
(7). There i considecable structural diversity from species 1o
species for both wmoleties, but the cashohydsate structure
present in many common and;or importan glycoalkaluids are
the triosides f-solatriose and B-chacatriose (Fig 2).

‘The inhibitory activity of the glycoalkaloids on Lhe growth of
Tiypanasoma cruzi epimaslizole foru is showa n the Table 1.
Al concenlsations uf 57 M, a reduction in the growth cae
was obsurved, which is higher with u-chacortine foltowed by
s-solamargine and o-solanine. The growth inbibitory activity

@-CHACONINE, R~ CHACOTRIOSE

«-SOLANINE, R =SOLATRIOSE

Fig. ! structure of spirosokes and solanidanecs
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Table 2 Perceniiage of inhiilion of Tiypanoson <ruzi growth by aglyenmes,

Alkaloid " — — — — — —  —

limetdays) Veoatene solanidive  salanocapsine  solasodion salamerginek  demissidine tomaridive
cellgrowth inhibition {2.of ot} — -
meantsdmeamzsd meansd weanssd  mean~sd.  meatsd meane s

o o o o o o o o

1 0° o o s 0 a o

2 I 0 125145 o o o 50510

3 o ROLOT  1E3xsh 40 102 I 6320 110110

4 a 35003 3azen  m0+0d o M7%06 21s=iy

5 BILO2ZS N2201 S6R1US AB2x67 1707 R17:34 194230

o 162107 Ju2e0l 743508 123L70 586l $33ea8 563143

7 427005 RYLDE J6E*S9 662158  Hd%36  Go3szn

8 WIEZ0 BSOS AUB2TI 796-50 864150  T9n-05

9 495200 913+0s  BG8160 829230 u51-1D  Aed L1z

10 ABSLOT . B2E0S 900150 81141 waxol 918420

n I 492900 BIE0S W01 AT2128 9MILD5 947417

2 AM7=36  wEr01 5220 4= 11

953 105
The cxperiment v perfouned in the same cordtons and cancerrati
kelocanazole in e some condiins, as i aved in Tl 3. The conpennd:
* Oiferences ot seatsicaly gnifcant

 Solamargine partilly ydhalyzed

9B 105

fans as thase of the glyeaalkolokds. A comparicun was reaizud it

s wirt:acld t day 2.

Table 3 Acthvity of s-chaconine at diffeent conconsalions in lun lian of i,
Chwconine () - - - - - - — -
Vineldaysh  Oublfeomirel 093, 0574 150 2aam 5740 T4
Number o parasitesjl x 10 —-
mentsd.  mean |sd  nwan bsd. mean £ sd Lud e Usd. owan Lsd
1 0524008 0211008 U53004 0591002 Q13007 052000 074010
2 19200 0BGY0.20 050=008  090-0D2  I07:010  £J0%601 178+ 030
3 JI5E020 639-0D5  TIL00E 228008 2090010 1765004 89e0ld
a SSULOGE  WIBXO0 6401007 S07E005  G234004  S03L013 Gt 5008
5 IS0VL002 R0 007 12674006 13015007 1L01F008 10184 00T 134K < 004
o 19325006 1G/SER0I  1572-006  ISISr005  1546-003 1073004 093 E0gs
i 25801000 72492005 2LASLOOS 21211004 091+003 1241007 ado k00
8 343LO0N WIOE003  SBEITDG,  WTILDOE 29282006 15754008 701100
9 ALATLO0T 325 E0AI 35854004 I5IL004 3042007 2000400, 031003
o 4796 1009 445/ 008 4315006 4IS5LODZ  ADMGZO03  2834+005 1005+ 008
n SLIRLUDI MS=00R 4774002 4R0TLON2  AANIZONT  302-000 11981 003
” 52001009 40935010 ABIST000 452 LDUS 46411007 3L14=006 1447+ 000
Parasites werr groth in L1 mediun and u-chacanine was addzd at day 3,
Discussion lyeoalkalonds wilh 2 solanidune ring insiead of a splrusolane

The lilerature contains pumerous reports on the biological
activity of aitrogen-conlaining steroids of the Soknnm type,
paiticularly spirosolancs. The capacity of Iiposoiea disruption
and steral bindiu, propertics by spirosslane plycoalkaloids as
we-solamargine aud «-solasonitie. are. compatible with the
wiare poteul Iytic cffects of a-solunarginc than e-solasutine
on cells aurl protoplast (23, 24). Dala prescoted here indicate
that glycoalkalaids such as u-chaconine and a solamarging

which conlain a fi-chacotrinse tisacharide coiery possess
anli (rypanosomial activity. This effect appears Lo be more
prowonnced in u-chaconine than in w-solamargine. probably
due to the rigid ring stcucture with 4 terfiary niliogen atom. A
conspacison of the ring structure and Lhe effects reported on
Tippunosoma crzi show & higher inhibitory activity o

ring. This activity is more protounced whien a dawble buad is
ROt puesent. I coutrast, fhe luw activiey of the aglycones
indicates that the mlc of Lhe sugar taiery is vety important.
This fact i supporred by e lower activity of panially
hydvolyzed r-solaurargine upou the flagellates. The proscice
of shanmose in the saccharide woiery appears to be an
important fcalure in the structure of atlive compounds

The activity of glycoalkatoids such 3s o salamargine and -
Chatonine in differen biolugical systems iudicates that those
compounds could have Iytic properties due to their intimate
selation with the fipidic composition of the membraces. This
would allow Liem 1o act upon sterols and phosphotipids in
the membrancs or perhaps inhibit somie enzyme of the
cholesterol biosyuthesis. The inhibition of the synchesis o
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al ketoconazale (considering diflirent time periods) at the
same concenleations is lower. in the order of 30 la 0%
compared wilh a-chaconine and 20 10 5% with 1€spect €0 o~
solamargine, Aglycones at the SLNC concentiation (Table 21
show less activity. Only solanocapsine and demissidine
appear to lrave a pronounced effect on the growth of Tiy-
panosoma Gz, similar o thase observed with ketoconazole.
We can ahserve from the Tablus 1 and 2 thar the effect of Uie
atkalaics is practically immediate in comparison with ketoe
nazole which appears o be effecive only Lo days alter drug
inoculation. [ the case of solanidine and veratrine: the
parasiees apparently show 4 ecuperation after 5 days of
alkalsid inocutation
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T1g.2  Structure of a-rhiacotiinsc and cesolatriose,

Table 1

Glycoalkaloid
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Wiken e same experiments for o-chaconine and ketocona-
Zole were Followed al concensiations of up (0 12 uM, 4 dose-
dependent reductiun n grovth cate was obscrved; almist 3
cornplete growth arrest and el lysis ensued after 12 duys
with chaconine bul nol witl ketoconazole. fhe siuimal
intibitary concentration of chacnnine was in the videt of
M (Tubles 3 and 4). | lowever, a combination of chaconine
and etoconaole. in dilferent proportias hux adding up to
the same total concenlration, potentiates he lysis of the
parasites (1able 53,

Trypanolytic ond trypanocidet activity of u-chaconine and
eesolamargine

The effects of a-solamargine and « chaconine upon Trvpan
ovoiria o171 appear morphotogy-dependent: inoculation of
Uiese alkaloids at cancentrations ut 6 M and loveer produccd
a trypanolytic effect un 1L cpimastigore fors. The etlect was.
initiated by ucreased mavement of the parasites, foflmwed by
a slight volume increase. Laler o, Lhe parasites presented
fnlermal granulations and suffesed complete lysis. fn colrast
when blandstrearn and metacyclic trypomastigotes were sub-
jected to the same conditions, they ivercased their volume,
stopped moving, and died.

In the olfier st ol experiments {dala oot shown, the
epimastigotes were grown up 0 20 x 10° parasitesil and
were inoculated wilh 12 M of a-solamargine. The pacasites
werepesmilled 1o prow and those waluch survived were
washed with phosphate saline (PBS} buffer {pH 70) und
Jesuspended in fresh LIT medium, In such coutitions. there
was 0 el growh of the flagelares, which, even thaugh they
were o Iysed by the alkaloids, weic alfected in such a way
Uhat surviving fagellates wee not viahle anyarore. Thercfore.
a-solamargine appedss o bind irreversibly Lo Lhe parasites.

Percantagge intitian of Typanosama el guowi in function of e,

[Er—

Vieldey)  Solsomine  sobmagine chacorine  lwatine solanic sycophantine
Cell growll nibition (% of control) —— - —
Meanssd.  meandad.  meartsd meated meandsd weangsd mean |

u v o I o o w o

1 o o o0 a o o o

2 v 0 o' o o o o

3 125035 08%41  250+316 o 9% 12 « o

a WO+ SEIL0Z  6ROE34 o 52534 a v

5 4R1E4D  ADLZT 763209 1 673140 0" L0186

5 TV2Es4 W2 03 EESLLL D013 F92S00 Q01D 375+08

7 857508 M1 G616/ ALI+SS W16 B91=10 705448

8 D45=01  W1104  92%D5  SRO+D2  8O16S 268335  7B7+0L

9 952526 91101 OEDI 9402 14T 323260 854T0I

10 967+30  WH10)  %85Eb2  610+05 938135 355%30  B93I€0S

" 971-30  96:02 702 ©9+04  9L0LBO 36728 915+01

12 075225  W6-02 9702 BIGLDS 950440 373420 92601

1 977421 MevA2  MEL0l 622207 SIS 529 93BL0D

The prrcentage sl inlibitory grovith arivey, calculabe] with respect £ e contiol without gy valkalis, was determined a, @ fanction of time for
the different pvepelkakods at 3 conrentration of 5.7 s cach one. & compason sas made with ketolorazol Lnder the samne wondicors. The
compounds were adlud aL day 2.

*Diffsences ot slasLcally Sgniican.
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Table 4

Ketoconatole (uh)

aloids: A Comparison with Ketoconazole
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Inhibitory qrarsth activly of Jpavoscira crve by e e onasute.

Tinatdays) Opt (conteol) - 0570 115,m 230,00 5.7
Hubes il parasitesfl x 199 —
ot 1 Tean + 5. mean £ 5. mean Lsd,  mean+sd

1 0521008 Q06 £ 006 0255 005 0542008 1271008 0.4x 0.0
2 1507 010 051-006 091 =008 113 1008 114+ 001 137 2010
3 2050011 2m-a14 TROZ 016 2020015 253-0.12 219101a
a 791~ 010 5322004 s41=07 6451 010 6572010 653 10,07
y 15101-002 184002  114l00)  1262+008  1262=001  1198+0.01
I 1932+010  1380-0D7 1572 Af3 16022005 To0h-GDT 149000
7 25ESEOO1  2233-002 000010 20874001 23801 IRS=001
] 31861006 R0 CODR 26155007 27042012 2635003 2409=003
4 M3l UeT  WMEISO06 29882012 D&/ U 3143005 2800 DR
1 SLIR*020  J6EAZ006 3687000 IS60+010  3ASGL0M 319400
n SIIRE00S  ISIGZ 08 130T 317007 761000 34392002
12 52005050 41910 0h/  WR-0L0  A062E002 D007 3654=0.06
Epmazsgotes were grven 1 el and ke onacoke 95 addar at doy 3.
Table'5 Combined inhibitiory growi ac ity of e hat uine and ketaconazole Upan Jrypamosccrd iMIstigotes.

Time (days) —
«chaconine & 8 0 " iz 1
Molar Trartin

Growth inhbiton (41 - ——

meanzsd.  mean Lsd. wearted. weansd  memlod  mentsd  mean 2ad
000 157503 0118 R1ITA4 KIEON 2571Dy  28+02 28
025 550501 M UV6 B7TOE  EL703  LRELDI 693202 02
050 830501 535100 SAIT0E  BEE0b w8106 492204 260:10
075 9E-04 RO VKA 72103 732803 M5102 734203 /605
160 431121 S62 67 Se2401  a93L00 529:04 417408

Misturen of e-4haconine i ketoconazole at 3 rolal canceritalan ol 5.7 M wore added t0 the culiure nuvcha an he ¢ ot 1

569+47

e—

data s graphicated as perentage o biibor v mola fraction of echacorine.

cholesterol fiom 24.25-dilydeolanosterol by solacongestidine,
solafloriine and solasudine in 14l liver howmogenates has
heen reported by Kusano el al. (5}, The effects of Solauon
alkaloids pon some fungal cells lead W functivoal chaages in
<ol membranes and to cell death. Keloconazole, an Nosub-
sriruted imidazole derivalive, shows sighificant therapeutic
effects upou some tungal diseases and it inhibits cryosterol
senthesis in fungal cells with the accumulation fo |4a-merbyl
stevals (5, 6). The combined effect of o-chacanine and
Ketoconazole upon lysis of the flagellates could be due 1o the
combined cffects of harh compounds actiug ou sters! biosyn-
thesis andjor membrane structure of he parasites. Thorne et
1.(13) seggest that Herpes virus inactivation results from the
intecaction of the glycone with he viral enveloge presumably
Ly the insertion of the stervidal moiety. Similaily. the
pesence of the wisaccharide and particularly shamnose in
the structure could indicate an interaction with endogenous
sngar veceptors, such s lectins, on the surface of the
membran wiiich recognize thamnose wilh o furthet inter-
nalization of the alkaloid. The morphology dependent cffects
wbserved i the epimastigote and (rypomastigote forms of
Tiypanosoma eruzi could be cvideace of a mechanism in
which an intecaction is produced with certain lipids in e
membrane. [n fact, cvidences indicate thal (e epimastigote
fembrancs ate fich in carbohydrates and lipids and the
wwhole cell homagenates ul this form account for 71 of the

total lipids, being, stetols the most prowinent {25) Also, 8
differential fully acid compasition have been yeported for
epimasligutc and tripomastigote forus ol the parasite (26,
27}
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