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Cucurbitacin E and orher cucurbitacins arc highly 
oqgcnated  lrilerpencs  which  are found  soIeIy in plants 
groupcd undcr the C'ucwbi~nccoe family. including 
fihnlliu~n  clnlc~rirrrr~ I,. (thc squirting cucumber). 
E~~hcrltr 1,111 c h r t ~ ~ ? l  L, is a  local medicinal pla~tt which 
has  bcen used rn folk mcdicinc as  a caihartic  (Cini, 
1991) and  as  an  cnietic  (Lanfranco. 1975). It has  also 
bccn  used in dropsy  (Pcnza.  1969) and  in  rhc  rrcatment 
ofjaundicc (Cini. 199 1). 

Espxi~nenls; on  ~ h c  juice  of  dtc plant  haw s h o n ~ ~  (hat it  is 
cCl;cctivc in  the ~rearrncn~ of constipation,  oodc~na, sinusitis, 
and thc p~~cvcnlion of  livcr disease (Yesilada el  a/,. 1988). 
Ho~cver. ir Im k n  found that the  juicc has a low 
lhcra~ulic indcs  (Famvortk  1992), but  thiit ir conlains 
cocrhit~cim. includrng cuarhitacins B and E. which  have 
:u~lilun~our aclivity. Dcspitc this. when individual 
cucuhiracins i w c  tested  on  various  norma1 cclls.  the  cell 
viability w s  not alfectcd (Gallily el crl.. 1962). 

Cytoloxicih  (Gitler el  a / .  . 196 1)  and  rnetnbolic  studics 
(Shohat P I  01.. 1962) were  performed  on  Sarcoma 180, 
Lcllrc Erhlicti ascitcs carcinoma and Sarcoma Black 
usin:: cucurbitacins  D. E arid I in m i x .   Thcrc  was  a 
highcr  c>totosic cliect shown  by thesc  compounds on 
Sarcoma l8fl than on  Ihc olhcr two cell  lincs. Metabolic 
srudies  showcd  that in Ehrlich  ascites  carcinoma  cells. 
rhc  o q g c n   uptakc of  cells  was morc sensitive to rhc 
aclion  of  cucurbitaci~ls than  thc anaerobic glycolysis. I1 
was obscrved that the inhibirion of ~ h c  oxidative 
metabolism  of  the canccr cclls by the cucurbilacins  was 
related  lo  that  obscncd by hydrocortisone. 'This  may  bc 
duc to  the  fact  that  ttic  cucurbitacins  havc a  steroid-like 
struclure  which  may influence  thc permeability of  the 

membranes  of  the  cells  and  nlilochondria.  Cornbinalion 
therapy with cucurbilacins  and  X-rays  on  transplanled 
tunlours  in  mice  (Shohat el  01.. 1965) was less effective 
on Ehrlich turnour than Sarcoma BIack. 

Cucurbitacins B and E showed an  effect on c u h r c d  
human nasopharj~igeal carcinoma. and Sarcoma 37 
implanted intramuscularly  into  right  hind  legs  of  CAF, 
mice nlicn Ihese compounds were injccled inrra- 
per~toncally. 

Cucurbitacin E (Figurc 1) can  exert its cytotosic  cffml 
cither 011 Ihc cell  metnbrane (GalIiIy el al., 1962) or on 
the DNA in thc nuclcus of  the caucer cclls  (Kupctlan el 
01.. 1973 j. 'Thc  cucurbilacin  side  chain  is  important  for 
thc obscwcd c! totosic aclivity  (Kupc11m el a/. . 1970). 

0 

Busulphan 
Idcaving Group 

1-1 0 Lcaving Group 

0 Cucurbitacin E 
I 

Figure I :  Structul-cs of Busulphat~ and Cucurbitacin I7 
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Busulphan (Figurc I) is an alkylating agcnt. which 
cscrls its action by  joining  two  guaninc residucs  on two 
strands  of  thc  DNA. lcading  to  cross-Ii~lking. This.  in 
urn. prevents the uncoiling and replication or the  DNA 
~noleculc. thus  halting  the  niul~iplicatiori of  rhc  lumour 
cells (Rogers et al.. 1976). 

Scveral  studies  have  been  carried  out  on  the  ccU  lines 
alrcad!, mentioned  using different cucurbitacins.  but  thc 
effcct of thcsc compounds on ovarian and stomach 
carlcer ccll lines has not been  studied. The prescnt  study 
was thcreforc undertaken to cxarnine any possible effects 
of cucurbitacin E on  ovarian  and  sromach  cancer  cell 
lines and  also  to  compare  thc  cffect  of  cucurbitacin E 
with that of a widely used  c!totoxic agent. busulphan. 

Esperimcnlal Procedures 
Cucurbitacin E was prcparcd by  solvcnt estraction of the 
fruit of Ecballitcnr eiatrritrnr (Lavic er 01.. 1958). 
collected from  Marsascala (Malta). 52%) ( n . 1 ~ )  of the 
pure compound  was  oblained.  Its  pnrih  was  co~firmed 
using five analytical methods: UV arid IR 
spectrophoromct~. MelLing  Point Dclerminalion.  TL.C 
and  HPLC  against a knokvn standard.  A spccinlcn is 
dcpositcd  at  the  Institute  of  Agriculture, Univcrsih  of 
Malta. From  a stock solution of 1 . 8 s l 0 - " ~ .  I in 10 
dilutions were prepared. 

Busulphan (hfy1cran6 Wcllcome. West Susses,  U.K.) 
500rng tablcts wcre ground in a mortar and then 
dissolved  in  RPMI  1640 medium  to  make a  final  stock 
solution of 4x10'". 1 in 10 dilutions were rheri 
prcparcd. 

Single  stomach  (SNU-1)  arid  ovarian  (OVCAR-3)  cell 
lines  wcre  obtaincd  from  the  Department of  Anatomy 
University  of  Malta.  These cell  lines were  culrurcd  and 
subcultured  to  propagatc  the  ccll  lines.  The  cclls  were 
grown in RPMI 1640 lrlediurn in sterile Nunclon@> 
culturc flasks and iricubatcd at 37°C iu 6% C02. 
Subculturing was performed evcry seven days (Frcshncy, 
1988). 

A cell suspension was obtained by dclachirig :he 
nionolayer from the flask using trypsin and resuspcnding 
the  cells  in  RPMI  mcdium.  Complete  ccll  detachment 
was  visualized  under a s l O O  rnagrlificalion nlicroscope 
(Diavert Leitz-Wetzlar). 20ml of RPMI nlcdiunl was 
added  lo  cach  flask (x2) and  the  celI  suspension  was 
nixed. A ma11  samplc  was  withdrawn  and  cells  werc 
counted in an Improved Ncubauer h a e ~ ~ i o ~ ~ o n l c t e r  using 
the method described in the Sigrna Ccll Culture 
Catalogue ( 1994). 

The drugs wcre added on day 0. Twenty-eight  tubes ivere 
used  in  all.  Irnl  of ovarian  cell suspension was added to 
each of fourteeu tubes while lrril of stomach ccll 
suspension  was  added  to  anothcr  fourteen  tubes. Thc 
coriccntrations of  cucurbitacin E used  were: 1.8sl0'~hrf, 
1 . 8 ~ 1 0 - ~ M  and 1 . 8 ~ 1 0 ' ~ ~ .  The concentrations of 

busulphan  used  werc: ~ X ~ O - ~ M ,  4x10-% and  4 x 1 0 ~ ' ~ ' ~ .  
2nd  of  [he tlircc  solutions with  differcrit  concctrlratioru 
or  cucurbitacin E wcre  addcd  to  sis  tubcs conraining 
ovarian cariccr cclls, and to sis lubes conhining stomach 
canccr cells. Thc  samc procedurc was repeated for 
busulphan.  The rest  (LC. four tubes) actcd as thc control 
tubes in which 2 rnl of RPMl rnedinnl ucrc itddcd to the 
cancer cell suspcnsion. 

From days 7 to  11, the  number of viablc arid  non-viablc 
cclls  was countcd using  a haernocy~ornerer and 0.4% 
trypan bIuc for [he sraining of non-viablc cells (Frcshncy. 
1988). Tllc expcri~ncnt was followd from day 7 10 1 I. as 
it was obsencd in our laboraton that therc was no 
significant lethal effcct  on the cancer cells froni day O to 
day 7. The fivc-day  period.  day  7 to 11. was sufficient lo 
provide i~~ormatioti on  lhc  cylotosic actiiity of both 
cucurbitacin E and  busulphan on thc  rwo canccr  ccll 
lincs. A prclinlina~ study  had  shown  that  rhc  decrcasc 
in percentage ccIl  viability was not  significant  aAcr day 
I I .  

Thc percentage cell  viability was  calculated using  ihc 
number of viablc and non-viablc  cells ob~aiiicd. Thc four 
results  wcrc  used  to  obtai~i an  averagc  perccntagc  cell 
viability. Thc counting of non-viabilc cclis was necessary 
to  dctcrmine  thc  LCro.  which is  the  concentration  of 
cytotosic compound  rcquircd  to kill 50% of  thc  cells  in 
suspension. Thc dccreasc in cell viability  should depend 
on the cylotosic activity of the compounds and not on thc 
limi~ed environmcnlal.  factors. which include  nutricnt 
availabiliy in thc 111cdiurn and  the conditio~is insidc Ihc 
~ncubator. The cell counts for  thc tubes treatcd with  thc 
cytotosic conipounds wcre adjusled by  taking Ihc average 
ccll count in thc controi tubes to be  100%. 

Rcsults 
Tumour Cell Growth Inhibition. Figurcs 2 to 5 show the 
percentage log cell  viability  against  number  of' days.  for 
ovarian and stomach cancer cells. both trcated with 
cucurbitacin E and busulphan. 

As can be observed from Figure 2. at 1.8x10'%. 
cucurbilacin E showed  a  lower  ternii~lal percentage log 
cell viability  than  at 1 . 8 ~  IO'~M. alrhough  ceH  viability, 
for  the  latter,  was  markedly reduced,  Figure 3 shows 
that the idibition of tumour growth is higher with 
increasing  busulphan  concentration. At the two lower 
concentratiotls (4x IO-'M and 4x IO-'~M) of busulphan 
used.  a  rapid  fa11  in cell  viability was cvident after day 
10  while  at ~ x ~ o - ~ M ,  a rapid decrease was  observed 
after day 9. Figure 4 shows that the effect ot' 
cucurbitacin E on storiuch  cancer  cells  varied  with  the 
three different concentrations used. At I .  8x 1 0 ' ' ~  
cucurbitacin E, there was a rapid decrease in cell 
viability betweeu  day 8 and 9 but a slow  steady fall 
thereafter. At 1.8xl0-% cucurbitaciri E, there  was a 
linear decrease in cell viability. At 1 . 8 ~ 1 0 " ~  
cucurbitacin E. there was a slow decreases in cell 
viability  after day  10. Stomach cancer cells treated  with 



4 x 1 0 " ~  busulphan (Figure 5) showed a stepwise The four different celldrug combinations wcrc compared 
decrcase in viability with time. A considerable decrease using the Probit  analysis.  The d8ercnccs in the  trends 
in cclI viability  after day 8 was observed  at lhe three for  these  combinations  were  found to be statistically 
concentrations of busulphan used, but  no  furthcr effect at significant (Pc0.05, T-4). 
4xl0'% and 4s l0%l was  obsen~ed after  day 10. At 
4 ~ 1 0 " ~  busulphan a higher cytotoxic eff'cct was Ciicurbiracin E showed a higher  cytotoxic effcct  on the 
obscncd  than  at  the  lower  concentration  of  4x10-''~. ovarian cancer  celis than busulphan. It is  worlh  noting 
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Figure 2: 'l'hc Perccntage  Log  of rhc  Adjusrcd  Ccll  V~ahiliv against Tirnc  for  ovarian  cancer colls  cxposed  to  lhrcc  conccntrntions of 
Cucurhitacu~ E (Concentrations: I I 8x10". 2 1 8 x 1 0 ~ ' ~ .  .1 = 1 8x1 O'"M). 
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Figure 3. Thc  Pcrccntage Log  of the  Adjustcd Ccll  Viability against Tirnc  for  ovarian  cmcer cells csposcd to thrcc  conwntmtions uf 
Rusdphan (Concclr~rations: 1 -- 4 x 104M. 2 .-- 4 s 10" M, 3 = 4 x 1 0 . " ~ ) .  
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1:igurc 4: 'Thc I'crccntagc Log ol' 111c Adjusted Ccll  Viabil$ against Time for stomach cancer cclls exposed  to thrcc conccrr~rations ot' 
Cucurhibcin I? (Chtlcentmt~on.s: 1 1.8 s I O ~ M .  2 . 1.8 s 10-'M 3 - 1.8 x 10%l). 
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Figurc 5: Graph of thc Perccntagu Lee of thc Adjustcd Cell Viability againsl l'irnc [or stomach cancur cclls cxposcd to thrcc cor~ccntrat~ons 
of tlasulphnn  (Conccnrralions: I - 4 X ~ O - M ,  2 4 s 10-%. 3 = 4 x 10"%) 

that at the highest conccntralion of both q-totosic 
cornpunds used (1.8~10% cucurbitacin E and 4~10% 
bnsulphan), a similar pattern was obsenled: 
clraractcrized by  no fi~rther cytotoxicity at day 1 I .  In thc 
stomach cancer cells, a grealcr percentage ccII d a r h  was 
obtained with busnlphan than with crlcrlrbitacin E. 

Minimum Median Ldhul Concentrution. Table i shows 
the  rninirnum  median  lcthal  corlcerltration for  thc  two 
different cell  lirics 1reale.d with  the two  qotoxic drugs. 
Cucurbitacin E showed a  minimum  LC50  of  2 . 7 2 ~ 1 0 - ' ~  

for the ovarian cancer  cclls at  day 10, and a minimum 
LC5(, of  0.5269M for the stomach cancer  ceIIs  at  day  7. 
For  busulphan,  the  minirnum  LCW ior  ovarian  car~cer 
cells was 9 . 1 4 ~ 1 0 - ~ ~  at day 9. while that fur the stomach 
cancer cclls was 2 . 1 4 s l 0 - ~ ~  on day  10. 

From thc vaIues onc may  notc  that cucurbitacin E has a 
greatcr  aclivity on  ovarian  cancer  cclls  than  busulphan 
(niLCso E < tnLCSo B). On thc other hand. 
busulpha~ishowed a grcatcr effect on the stomach carlccr 
cells although this occmcd on day  10 as opposcd lo the 
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'I'ablc I. 'Table showing the m l C 9  for thc two different compounds 
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rrlLCFrl of cucurbitaci~l E which was found on day 7. 'The 
LC5(, for  cucurbitacin  E-treated stomach  cancer  cells is 
too high (0.5269M) to be considered  as  an effective 
compound. 

0.8795 

Discussion 
Since cucurbitacin E has been shown lo have an effect on 
DNA  by  alkylation  (Kupchan cr (11.. I973), and on  the 
ccll  membrane by  [he proccss  of  pinocytosis  (Gallily ef 
(I/.? 19621, it was of  interest  in this  study  to  compare ils 
cffecls  on  calicer  cells  with  thosc  of  busulphan  and  to 
draw sornc conclusions from the results obtai~ied. 
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T ~ m o u t  Cell Go~uIh Inhibition. The results  show that 
thc in vilro cflotoxic  effect  of  cucurbitacin E was best 
observed  on  ovarian  cancer  ceIl  Lines  wlulc  busulphan 
sho~vcd a greater effcct on stomach carlccr cells. 

Busulphan 

2.14x10-~ M 

0.9540 

If  one considers  that  cucurbitacin E is  taken  up  by  the 
tunlour  ccll  by a  ratc  limiting  process,  there  might  be 
sulficicnl uptake a1 low concenlrations to have an 
aIkylating effcct  on the  DNA. This might explain the 
greater cylotoxic effect observed for cucurbitacin E on 
ovarian caricer cells a1 thc lowest concentration 
(1.8~10-%) uscd. Whcther  [his  effect  is  due  to  the 
process of pinocylosis is still to be detcrrnined. 
Howcvcr,  this  process  is  grcarly influenced by high 
cucurbilacin E concentrations,  whcrc  an  increase  in 
the uptakc of fluid inside the celI leads to cell 
blistering and eventually cell dcatli. This was 
observed  by Gallily  and  co-workers (1962) on  four 
cell lines, using elatericin A and 0. At high 
col~centralions. the  effect on thc ccll rncnlbrarie  is 
marc pronounced. 

BusuIphan, at a conccntratiori  of 4 s 1 0 - ' ~ ) ~  and 4s10'%, 
did  riot havc an  cffect  on  tlic ovarian  cancer cells. 
This is known as the  tumerostalic effcct.  At  these two 
concentrations. insignificant cytotoxicily nmas 
obsenled until  day 10 aftcr  which  a  decrease  in  cell 
viability  was  obscrvcd.  At  ttic  highest concentration 
(4x10.'~) uscd. thc  same  cffcct  was  observed  until 
day 9 after  which  there  was  a  better response.This 
~nigtit be explained by the fact that busulphari did 

not  appear to affect  the  plnocytic  acrivity  of  thc  turnour 
cells since cell morphological changes were not 
observed.  Thc  high  ratc  of  ce11 death observcd  for  thc 
high  concentration  might  be  duc  to  lhc effects on  the 
DNA by  alkylation. 

At the  lowest  concentration  ( 1 . 8 ~ 1 0 ~ ~ )  of  cucurbilacin E 
used, a small effcct on  the  stomach  cancer  cell  line was 
observed, probably  due  to  the  limited  amount  of  drug  in 
solution. However, at the highest concentration (1.8x10%Q 
a  tnarked  effect on cell viability  was observed. It can be 
concluded that stomach cancer cells showed marked 
resistance towards  cucurbitacin E, as was shown  by  the 
ovarian  cancer cclls  toward busulphan. On the other 
hand, busulphari showcd cffcctive  cy~otosicily in the 
stomach canccr cclls. Although there was a great 
reduction in the viable count at Lhe  highest concenlratioti 
( ~ x ~ o - ~ M )  used. the  4 x 1 0 " ~  concentration showed a 
lower  end-point.  However, at these  hvo  conc~ritrations, 
after day 10. no firrthcr significant inhibition was 
obsenfed. 

It wouId appear that the activity of tlic cytotoxic 
compounds  on stotnach cancer  cclls does  not  depend on 
thc pinocy?ic activity  but  on  the alkylating cffcct on the 
DNA since busulphan had a greater activity lhan 
cucurbitacin E on thesc cancer cells. 

It can be concluded from these results that cucurbitacin E 
lacks  thc  pronounced  alkylating  effcct  of busulphan  but 
the latter lacks the pinocytic activity of cucurbitaciri E. It 
might  also  be postulated that  cucurbitacin E iricrcascs 
the  uptake  of  busr~lphan (and  other  alhylating  agcnts) 
while the latter  exerts  its  effccts  insidc  the  cell.  The 
effect of cucurbitacin E on the permeability of wII 
tnenlbrancs (Shohat er a/., 1962)  could be due 10 its 
steroid-likc  structurc which  is sirniliar to  that  of  Ilie cell 
rncrnbrane. It should aIso bc strcsscd that cucurbitacin E 
has an effcct on both  cell  lines.  although  a  tuini~nal one 
on the stomach canccr cclls. 

Minimum Mediun  Lethal Concentraizbn. The  mcdian 
lcthal  coucentrations (LC50) for  cucurbitacin E on  the 
ovarian and ston~ach cancer cells  show that for tlic 
ovarian  cclls  the LCso was  quitc  satisfactory  and  hence 
nierits  fi~rthcr attention  while  for  stomach  canccr  cells 
the high LCso indicates a lack of sensitivity of rhese cells 
for the cytotosic con~pound . 

For  bnsulplia~i the LCSo, for  the  ovarian  canccr  cc1k  is 
qnitc high and so it can be regardcd as iricffective for the 
lreatrnent of ovarian cancer. In fact the mLCro for 
busdplian is 3361 times greatcr than that for 
cucurbitacin E in  thcsc cclls.  However, the low LCso for 
stomach caricer ceIIs suggests lhat it can bc used. On the 
contrary,  tbc I ~ L C ~ ~  for busulphari  is much  smaller than 
that for cucurbitacin E, i-e. the mLCr) of  the Iattcr, being 
about 2 . 4 6 ~ 1 0 ~  times grcatcr Ihan the rnLC5,, of 
busulphan. 
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To substantiate the above finding, further 
iuvestigations would have to be carried out to 
determine the cstcnt of thc activity of the two 
cytotosic  agents in vivo, fo  deterrnirlc morphologicaI 
changes and to detect any DNA aberrations. 

Acknowledgments 
Thc  authors  are  indebted to  Prof  D  Lavic.  Head  of 
Department  of  Organic  Chemistry  in  the  Weizmann 
lnstitutc of Science.  Israel for thc authentic sample of 
cucurbiracin E, and lo Dr G Pcplow of the 
Department of Chemistry, University of Malta.  for thc 
consultation  in  the  use  of  analytical  methods  for  thc 
determination of thc prcpared cucurbiracin E. 

References 
Cini G (1991)  Faqqus il-Hmir li faqqas it-Trnintas 

IrbighaL L-Eghjun. Lehen il-Movimenl Civiku 
Xoghra  fiICV?. 9.4. 

Farnsworth M (1992) Napralert (SM) Issue 2: 
Departmen1 of Medicinal Chemistry arid 
Phannacognosy.  College  of Pharmacy, University 
of Illinois. Chicago, U.S.A. 

Freshney RI (1988) Culture of  Animal Cclls: A Manual. 
of  Basic Technique. Alan  R Liss,  Inc., New  York. 
132-134. 

Gallily R. Shohat B. Kalish J. Gitter  S  and  Lavie  D 
(1962) Further  Studies on  the  Antiturnor Effect  of 
Cucurbitacins. Cancer Resenrch. 22, 1038. 

Gitter S, Gallily R. Shohat B and Lavie D (1961) Studics 
on  the  antiturnour effect  of  Cucurbitacins. Cancer 

Kupchan  SM  and  Tsou  G (1973)  Thc Structure and 
Partial  Synthcsis of  Fabacein. Journal of Organic 
Chemistry, 38, 1455 - 6. 

Kupchan  SM. Smith RM. Aynehchi  Y and Maruyama 
M (1970) Tumour Inhibitors. LVI. Cncurbitacins 
0. P and Q. the Cytotoxic Principles of 
Brandgea higelo vii. Journal of Organic 
Chemistry. 35, 289 1 .  

Laniia~lw G (1975) Duwa o Semm  il-Hxeiiex  Maltin.  In: 
Edi-izjoni Klabb Kolba Mallin ValIctta. Malta. 33- 40. 

Lavie D. and Szinai S (1958) The constitucrils  of 
Ecbnlli~inr eluteririm L. 11, aElatcnn. Jortrnal of' 
the American Chernicnl Socic(y, 80, 707. 

Penza C (1969) Flora Maltija Medicinali. Progress Press, 
Malta, 29. 

Roger H  and Spcctro R (1976) An Inlroduc~ion to 
~\dechnrrisrns in Pharrrracology  and Therapeutics. 
Firs/ Edtion. William  Heimmann  Medical  Books 
Ltd., Great Britain. 383-385 

Shohat  B. Gitter  S  and  Lavie  D (1962) Antitumour 
Activity of Cucurbitacins: Mcrabolic Aspects. 
Cancer Chenrotherapv Reports, 23. 19. 

Shohat B. Gilter  S,  Lwy B and  Lavic  D  (1965)  Thc 
cornbiried cffect of cucurbilacins and X-ray 
trcatmcnt of  transplanted  tumours in  inicc. Cancer 
Research. 25, 1828. 

Sigma  Cell  Culture Catalogue (1994)  Sigma  Chen~ical 
Company. 205-206. 

Ycsilada E. Tariaka  S.  Sezik  E  and  Tabata  M  (1988) 
Isolation of an anti-irfflanunatory principle from the 
juice  of  Ecballiurn  clatetium. Journal  oJ  tVn,ural 

Research, 21, 516. Products. 51, 504. 


	Pagina 1
	Pagina 2
	Pagina 3
	Pagina 4
	Pagina 5
	Pagina 6

