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ol di relating o
sculat. the structural differences ’
. s iy towards MNNG. In particulat, A OF o hrydropho
A psence of the phytyl or methyl groups, which WU Ty
e e ics (pyropheophytin a > pheophytin a > PREOPATOSC L0 e tagenic
b1c.prop.ert1:: er?ilt-: efficacy against 3-MC. Such results guggestt o 3.MC, may if-
o arlg:? l;f tghese compounds towards the indirec a‘?’,‘_‘__‘(‘}% mz ;e ‘c’;l - of the configura-
D e the porphyrin nucleus and is, for the most par .;}_I_l.d_ tfiﬁf'&'poﬁsible ‘mechanism
V.owefthepside chains. Tachino et al. {22} have s.ugg_este? D plex tormation
;'lc:—nﬂ(:e antimutagenic activity of chlorophyll dt‘:nvat;:;:; :::;oﬂxeir lanar unsaturete d
° f-f-interactions: be ! : - s the
Wiﬂll the' mum'lgfl?s t‘};!‘;); %DI:: Stt;:ncgase with 3-MC. Difference spectral analysis m
cyclic rmgs.

b} 3

.indicates that -
olar excess of 3-MC-indica
i leus in the presence of a‘large N0
porphyrin nuc

i oceur. This 18
i :on between pheophytin a ot pheophorbide a and mutag;:n gts}e(ss o o)
) cb hanges of absorbencies: in the- Soret _amd Q s Qo i
11:105'-t.t:\nd‘3?t fydgmplixation on the principal absorption peaks © e
Tht‘: atives ?1ows for a sensitive detection of interactlon. ".[‘h.;s ;yp:d o o
g::s‘;:ua:lesiniemal control of experimertal varti.atlln::ss ::nnge s::nl]i) leasThe o o
i ' o . atio
ahsor:enci;:c?:ut;vgaﬁg)e{:?; ‘g:tzilt?:ﬂse direct interaction of chlorophyll deriva
may be es

.

' mutagens [241. o NI by a complex
Weaki as}fguulﬁdlfg ruig:; that i%!ﬁbitidﬁ of the ,m“t",gemm;y (:; s;l\;lfdt;{x:ophorgide
o does not exclude that pheophytin a,rpy;r,ophe,QP yun t:a o, It i possible
formation (02 ivate the cnzymatic transformation of this MMBSF: 0 .o
any alz?ffmrzt mechanisms may Eeiinvolvéﬂ;simulmﬂfﬂt{:ly !,;1, e o results
that two Cile Svati inst indirect-acting mutagens. S
tivity of chlorophyll derivatives a2t CHL, may inhibit the mutagenicity g’g
from the sy by activation'of cytochrome P43
2.amino-3-methylimidazo[%; i matagen. i L
inaddion o complexaion Wit 2 CLIAE, e mutagenicty of MNNG i bl
ited (Iiillf;e‘:'grt:t?; by pheophytin a, pyropheophytin @, ‘t’f ?hec%: rv.lnchan:ged Soret/Q
gl - noortant role of the phytol chain in sU h an activity: '
rafios ﬁnply that the complexauonzoftWG i

ey “hvil derivatives
th any of the chlorophyl: dery
nof MINNG WL 2 G lacks ar ded plansr,
o complexation of K - vactthat MNNG lacks an exten
. This is consistent with the fact that MNIFH hyrin type com-
does not ﬁc:gu d .requited:fOr,;inwmﬁnonzéthh:the_:ﬂesystemh az;gf?f i}nan'ncti vation in-
' n-de(:tmR ert et al. [26] Suggested,,that'a:posslble oroph 11 derivatives similar io
Po?nds-th e":;necompusiﬂ(m of MNNG mediated by 'cit‘lloii?g?the formation of highly
volves H pa'rt' icular, CHL may jactitiarc U T .
i l and ammes' In T :,—,?: P IR ST Ejiat 1 mcu-va‘.:edas a
ﬁ?ft:‘;;ntil:?niénnediatesderivedﬁ,o,dmcil‘ A v L
. . . ith water ouls i D, - tions about
result ¢F 0 tr::;:lézfv?hlomphﬂlﬂm?@m? as agnmujtamg:"s 1[825,; Scumliosnds, and
i Tali;feegf o normal and Pﬂth"l"gical' issue. .P9mh- ?:r atu'nior tissue as com-
i hyll derivatives in particular, have 2 t.ugh:a-fﬁmtyind' ;dual chlorophyll de-
chlordogo flomlal tissue [27]. There i2.2/40 ’egémwﬁmtha'tchlc:rv;phyu have cytostatic
pared ' 1 preparations detived from chlorophyll, have &7 5L
v e againt fumor cell, Tissue cutue stucies S0 )
an Ot .

e0 -gells ith chlorin e and .
heophytin is cytostatic against hepatoma cells. [28] and along with: chlo 6 7
p In ! oSt

CHL. ),117. Jev crivatives
. ytotoxic. effect on myeloma celis [10,11}. The chlqtophyll:_‘(le;'lva
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studied here are cytostatic and at higher-concentrations are cytotoxic to murine my-
eloma cells. One factor, however, that plays an imiportant role in such activities is the
ability of the porphyrins to become cell associated. The approaches employed in our
study utilizing cell bound flucrescence or chemical extraction of chlorephyll deriva-
tives not associated with cells exhibit similar patterns. for cellular uptake of pheophytin
a and pheophorbide a. Both procedures demonstrate pheophotbide a accumuiates to
a higher molar concentration than pheophytin a when myeloma cell§ are exposed to:
equimolar doses of each compound. Altliough the fluorescence procedare indicates
~much greater differences than the chemical extraction method in the ability of these
‘compounds to become cell associated, the same trénds are observed. Aggregation
and/or formation of metal complexes may. occur within the cell, thereby affecting the
* fluorescence yield of the cell bound chiorophyll‘derivatives 129,30]. In turn, these
- Tactors may impact pheophytin @ and pheophorbide a differently. Accordingly, the
‘chemical extraction approach is taken as more reliable in quantifying difference be-
tween these compounds. Pheophorbide -4 -exhibits a-significantly- higher cytostatic/
cylotoxic effect than pheophytin @ when calcutated on the amount-added to the incu-
bation medium, However, when such values are adjusted for the amount of cell asso-
ciated chlorophyll derivatives, pheophytin a is more cytostatic and cytotoxic for the
‘myeloma cells than pheophorbide o (3.2 and 5.0 times more active for multiplicity
-and viability, respectively). The greater cellular uptake of pheophorbide @ in my-
-eloma cells as compared to murine splenocytes found in this study-is in agreement
‘with the data employing MGH UT cells, a line established from a humari transitional

ell carcinoma of the bladder, and IMR-90, a non-neoplastic line established from
piman fibroblasts [31]. : :

Given the importance of antimutagénic/anticarcinogé:ﬁc activities coupled with se-
lective accumulation. in tumor tissue and cytostatic/cytotoxic effects against tumor ceils,
chlorophyli derivatives might be a significant tool in future management of cancer.
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-Fig. 4 Effect of pheophytin a (closed circle} and pheophorbide a (open circle) on the growth (M-
multiplicity, V-viability) of murine myeloma cells.

cells. These observations are supported by the determination of the cell bound chio-
- rophyll derivatives detected by cellular fluorescence. The fluorescence method, how-
_ever, indicated 2 much greater difference in uptake values of the chlorophylil
_derivatives than those from the spectrophotometric measurements.

ISCUSSION . ,
_ Clearly, pheophytin 4; perphédphytin' a, and pheophorbide .a each exhibit
tunutagenicity towards 3-MC or MNNG. Interestingly, the three chlorophyll de-

vatives demonstrate identical activities against 3-MC but differ in regard to

ABLE 11, Uptake of Chlorephyll Derivatives by Tamor and Non-Tumor Cells o

ompounds .. Cells _ - Distribution® Relaﬁvc fluorescence/cell
eophytin a - Myeloma cells . 0.10 7 2
icophotbide a Myeloma cells 0.50 264
cophorbide @ Murine splenocytes 0.02 -4

atio of the concentrations of chlorophyll dériirgtivcs in cells and medium,
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Celi Cultures, Cytotoxlclty, and Uptake Studies
Tumor cells (mouse myeloma line P3X63 AgS), an az.aguamne resistant P3 ctone
derived from MO pC-21; were cultured in Dulbecco s modified Eagle’s medium with
mMe non—essenttal amine acids, 50
1hco Laboratories, d Is 1and, NY),
) Calls suspended sn fresh culture
phytin'a -and pheophorbnde
m the C3H mice, Were sus-

a-as described previously (101 Splcnocyt
ended n Hanks balance salis solution',' cen ged, d resuspended in 1 mlof
for 15 sto lyse erythrocytes{l%} After dilution with Hanks’ balanced

n, washed, and resuspended to 10°

f chlorophyll derivatives wWere
d 10% of the total

distilled water
galts solution, cells were pelleted by cenmﬁlgatl

cells/ml! of the same solution. Ethanolic golutions:0
mixed with the cells. The concemramn of ethanol did not excee
volume and was found to be non-toxic 1o cells at this concentrauon
After an incubation period of 48 h with the chiorophylk derivatives, viability of

detarmmed by trypaniblue' c’xclusmn Multiplicity of myeloma
smber of cells after exposure o pheophytin

uptake studies, cells
eaclt chlorophiyll derivative (2 . Following cei-

rved al s were washed three

bined medium and cell washings
s and diethyl ether (1.4:1)- ‘The organic layer
Vel drous Na,SOa, a0 and analyzed spec-
i The amount of com-

txophotometrically; for the respectw : j €S,
d with that added to the cells prior 10 incubation.

pound Tecov

1o addition, the: ﬂuorescence of cells. mcubated with the chlorophyll derivatives

ag detected’ by using a Diavert jcroscope. €4 equipped with epl—ﬂlununatmn )
2 50-—460 nm, emlssmn 515 nm)

aﬁd.anMPV compact photmn rer. (€2

Antimutagenic Activity o '
Flgure 2 demonstrates: that all of chlorophyll derivatives tested are anﬂmutagemc
MC. They exhibit similar: dose-response nse patterns ;eachm ga tevel of EDso
" and EDgs (effective ve doses’ reqmred 1o afford 50 0T 95%: decrease in the number of
pacterial cells) 8t the 0:13 and 0.89f:pM, reSpecnvely Qui
G. A8 i 'F' g 3, the > 50 and 95% inhibition 0 of His® reveitants
ot Pl 'ophorblde a (240 and 38.5 piM, Tespec-

uires nauch higher concett f

tively) compared t0 pheo phyun ; and Py~ and 6.9 pM, respectively).
The antimutagenic € t of ph 'phcyb;de aor pheophytm a, as ag reported here;
is supported in separate €¥] imer ﬁﬁi’éts, though th different. indirect-acting
- mutagens. The activity ¢ dérivatives, however was not determined
at identical concem:ratwns ;of the mutagens and accordmgly the dose—re3ponse curves

are difficult to compate 19 201 7

pectral Changes of Chlorophyil De atwe e

" Evidence sugg&ets that chlorophyll and C
lic aromatlc mutagens

plexatlcn w1th a num er of oonjugated polycyc

“in molecular com-
(21231, ety
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n:rgfmﬁve of the compiexefo:;ilﬁmumgﬁﬂ were obtained. 13;22’ sd 1ffetizln o pse
G or 3-MC mixed wi on. We compared thy - The spectral changes
. ed- - We compared the v  cHang
ﬁ;laei:lptflir:ﬁte mutagen and cl;‘;:)t:logll;;;)]pgyun a or Phébpho:'%ii])til: Zb:;mtlmi];p e
at the position rophyll derivative alone (Table ). ainst that of
temained unchanged in (t)}i:::he Soret and Q ba'nds:for'I'Jh{':clie11("'1%"'1):1?f ). The results re-
e e e o i huteat dophnd e L
atios for chlorophyll d o bands are different depending o C. However, the ratios
ounds alone, In conu-az?‘;a:}gs mixed with MNNG arf t;)lﬂ the mutagen used. The.
be ratios of the Soret/Q bands ;l dged to pheophytin a or pt;l:,:m ; ?; for those com-
served in studies with CHL and% 0% and 57%, respectivel; p-{'{;l ide a decreases
enzo[alpyrene-7, 8-d1hydmdlyol 9?0[_):“““ also is
" poxlde [221.

ytotoxu: Effect and Celluiar Uptake

The dose-effec
1

ies of myeloma ceﬁ:’;fie:hc;ﬁﬂomphyu derivatives with res growtt
% miore effective as an inhibi in Figure 4. Pheophorbide pect fo prop-
n that pheophorbide a r itor of cell multiplicity than @ is approximately 55~
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INTRODUCTION

Along with oftier dietary constituents of vegetables tested for their effect on
chemically induced mutagenesis/carcinogenesis, rmuch atfention ifi Tecent years has
Tuble cominercial versiot, chlorophyilin

peen given 0 chlorophy}! and: its: water-s0
coppet complex (CHL) (1-4}. A close positive relationship Was established between
the chiorophyld content of ariots vegetable. extracts and their ability 10 iphibit mus

tations in the Ames Salmonella systemt 15-71. Extracts from parsley and lettuce, which
have high fevels of chiorophyll, were 1o i

more effective in modulating mutagenic:ty
caused by 3.methylcholanthrene (3-MC) and benzolalpyrene (BP) compared to other
common vegetables in the dietof the Westem population [6]. Such2 correlation with
chlorophylt content was also found among the vegetables favored by the Oriental
(Korean) population. Extracts of mustard leaves and Koreant vadish leaves exhibited
i ivi i '-nitm—N’-nitrosoguanidine (MNNG)
71 Chlorophyll was also tested hldividu:allyatowards, cigatette-_smqke Vgonrdgnsate
and BP [8]; and 3-amino-l—mcthyl—SH.—pyﬁdo[c},ﬁ,,b]indple V{Tfp—PQ)‘ and 3-hydro-
xiamino-l-methyl—SH—pyrido[4,3-h]ind" e {1]and 4-nitfd-b4phéﬁylénediﬁmine {91, For
all poutagens used, chiorophyll demonstratgd' an inhibitory effect, though various con-
ditions were required o fully reveal its potency: e N
The antimutagenic offect of chiorophyll and its derivaity
mented. Recently, limited Jdata appeared on the tumoricidal activity of these com-
poundsina tissue culture model. For exarple, CHL was shown to exhibit considerable
cytotoxicity against myeloma cells o1 o e
CHL, the most COMMON anong chlorophyl} derivatives used in cancer related
gtudies, is 2 gemi-synthetic p'reparaticm: i parent compound, chlorophyll, however,

is a naturally occurring porpbyrin. It is not orthy that chlorophyll is knownt to be
converted i to pheophyt] 'L;,pﬁdphcophyﬁﬂ;;and¢ ide (Fig, 1) in stored plant
tissues, prdcess¢divegétablﬁ »d:-and: followin, '
this report, we presetit.
compoun‘ds that may: contl pr
gerivatives as diefary supplements it cancerrptevenﬁqn.

and' tumbﬂcidal.;pqtencies of these

MATERIALS AND METHODS
Chemicals IR e _
Chlorophyll a, isolated froi Anacystis nidulans algae, MNN!

-purchased from Sigma Chennical Co. (St 1.ouis, MO). Celt culture o other cheémi-
cals and reagents. for mﬁtagenicity,ﬁand cytotoxicity agsays were obtained from Fisher -

Scientific (Pittsburgh, PA). Chlorophyll a was the source for the prepatat

- ous chlorophyll derivatives. S 7 o R
o Pheophytie & wis produced from a diethyl ether solution of the chlorophyil @
B by;,ac’idiﬁcaﬂbn— with 13% aqueous HCL. CL was then removed by washing with
B mstﬂledwater'l'hedlethylethetso '
. ‘tated in vacuo ;[15],_Pytophejophytin" a was prepared by heating 2 P

- of pheophytin & in a sealed tube at 100°C. After 48 h, the pyridine Was
. gyaporation it vacuo ‘and the pyTo \ o
- Phédphowide s was prepared by
- awith 30% (w/w) agueous

eéhas been well docu- -

il application. of chlorophyll and its .

G, and 3MC were

ion of _\_taxl- :

Tution was dried over anhydrous Na,S0, and evapo- -
.dine solution. =

, removed bY -
phedphyﬁn**-a way obtained as .2 residue 116l - o
ed by treating 2 diethyl ethier solution of the chlorophyll -

HCL in the dark for Lhat room,temperamr@ The mix- o
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CHs CH:CHa

Pheophytin @ :
R1-CH3; R2-C20H39

Pyropheophytin @ :
R1-H; R2-C20H39 |

Pheophorbide .
R1-CH3; R2-H- “:

Fig. 1.. Structures of chlorophyll derivatives.

ous Na,5
S0, ans! the so;vent was removed by evaporation in vacuo 1.
agenicity Studies | | : o "

- Salmonella typhimurium strain TA !
i - 100 was employed as a test sys i
proced dimetixny?zlii t%re_\:ilousiy [10]. Al chlorophyl} deﬁVa&‘fZ:t:VﬁO!l‘?‘?’lng
o e i I};i e and added, at concentrations as noted, to thmlt'ial!y
B e mavgen S-M% ssa(l)nd the appropriate mmtagen. The amount of t;m'edl'a
-acting mutagEn,’MNNG( 5 ug/plate), to canse 1,320 His" revertants glmd%-
standard conditions The( pg/plate), to cause 478 His* revertants, Wéfé craployed
i X counts. were correcied for spontaneous backg?‘?uﬂgy:ed

Tz’phyll Derivative/Mutagen Interaction

he absorption spectmm of ' ' '

S . f pheophyti : ol

rinta ) pheophytin a and pheo horbi mix
e EZI:: (:tt) cl}lzgoPhyll derivative/mutagen 'ini()}lai‘ 1:&;;:12; {3 1%1;} {3' o thef

ide were obtained in a range between 350 of 1:10) in dimethy™-
Perkin-Blimer Lambda 38 UV-VIS specﬁoi;yhgotogtg using & comprler €%
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Effect of Dietary Chlorophyll Derivatives
on Mutagenesis and Tumor Cell Growth

Simon Chernomorsky,™ Alvin Segelman,” and Ronald D. Poretz'
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Much atiention in recent years has been given to- the antigenatoxicity of chiorophylt.
Chlorophyll, however, is known. to be converted into pheophytin, pyrepheophytin,
and pheophorbide in processed vegetable food and following ipgestion by humans.
Studies were conducted on the anfimutagenic and tumoricidal potencies of these com-

pounds. All the chlorophyll derivatives tested exhibit identical antimutagenic effect

towards 3-methyicholanthrene (3-MC), suggesting - that the -porphyrin nucleus may

complex directly with the mutagen: It does not exclude, however, another mecha-
pism of activity involving inactivation the enzymaic. transformation of 3-MC. In
conteast, the action of N'-nitro-N"nitrosoguanidine (MNNG) depends upon struc-

tural differences between the chlorophyll derivatives: Tt is significantly lower when

the phytol-containing pheophytin agd pyropheophytin ‘are- tested. as to.that of the
phytol-lacking pheophorbide. The higher. concentra ians. of the, chiorophyll deriva-
tives were required to reduce the mutagenicity of MNNG than needed for 3-MC. The
eytotoxicity of chlorophyll derivatives against tumor celis also was evaluated. The
cellular uptake and inhibition of mycloma cell multipticity were found to be greater
for phieophorbide than for pheophytin. Calculated on the amoust of cell associated
chlorophyll derivative, however, pheophytin was more cytostatic/cytotoxic than
pheophorbide. . The results presented. in this. report: indicate that food sources that
yield chlorophyll derivatives may play a sigaificant rol¢ jn ¢ancer prevention. Ter-
atogenesis Carcinog. Mutagen.'1 0:313-322; 1999 © 1999 Wiley-Liss, fac.
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cytotoxicity o N

*Comespondence to: Simon Chemomorsky, Department of Biochemistry and Microbiology, Rutgers
University, 76 Lipman Drive, New Brunswick, NJ 08901-8525. -~ ’
Alvin Segelman is now at Nature’s Sunshine Products, Inc., 75 Bast 1700 South, Provo, UT 84605.

1559 “fil_eY-LiSs, nc.






