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RBvrpur AnrrcLE: Bror,ocrcAl, Ac"rrvrrrps on
CnLoRoPHYLL DBRTvATTvES

Ithough chloropl r;'ll generally is
known as the n r.y'or ptrotoslm-
thetic porphyrirr pignrent in

plants, some of tts chemical derivaLives exhibit
interesting blological activities in anirrrals and hu-
mans. It has been at least 14 years since the last suruey
orl thts subject appeared.r The purpose of this article
is to present a brief review of the older literature, the
more recent publlcatlons, and sonle urrlrublished re-
sults of our ongoing studies. Selected .rspects of the
blological actlvlties of chloroptryll der ivatives, espe-
cially chlorophyllin copt'er complex (CCC), a centrally
coordinated metal tetrapyrrole compound, with par-
ticular emphasis on stimulation of cell regeneration,
influence on wound-healing retardatiorr factors, toxi-
cologlcal characteristics, and the clinical application of
CCC as a wound healing and deodorizirrg! agent will
be discussed. Furtherrnore, the possible u[ilization of
these substances as therapeutic a$ents irr some new.
promislng areas, also wlll be described.

PRBCLIMCAL STT'DIES

Smith and Sano were €unong the fir"st workers to
investigate the effects of chlorophyll der ir,'atives on cell
growth uslng tlssue culture methods.t'I'he addition of
o.o5 or 0.5 percent of cCC to cultured ernbryonic
mouse heart fibroblasts resulted in a rapidly increased
growth rate (4o percent) whictr was nraintained by
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TIne c;uthors rqtieut the onti-inflammatory, waundhealing, o:nd
malodor-reducing prop etties oJ chlorophgllin, a ehlo rophgll-
related m.edicinal agent; the sftrdg includes plant-deriued,
chlorophgll-based comltound"s under sfudg a.s u.seful anticartcer,
antiatherosc lero.sis, oltd antipso ria^sis dtttg s.

replenishing the CCC every 48 hours. Another tissr-rt-:
culture study derrronstrated sirni lar growth st inru-
lating effects of cl rlorophyll derivatives. lror exarrrplc,
tlrese substances at concentrations of' 2xlo 4M i r r-
creased by 3l percent the neurite outgrowth in nlouse
neuroblastonra cells.'l

Tlte obseruations rnade on the tissue culture stuclics
'also tvere investigated in aninral experinrents. Oilrt-
nlents containing chlorophyll derivatlves which wel'e
applied to guinea lrigs ancl rabbits with induced skirr
wounds resulted ir\ faster healing rates than tlrose
occurringwith sorne other agents tested. "Chlorophl,l l"

therapy initiated early appearance of clean granlllatiurr
tissue, rapid epitl rclization, and acceleration of wourrrl
treal ing without irr f lannrnation.o Similar studies ir  r
various animals slrowed that CCC consistently dis-
played statistlcal$ significant effects, increasing tlre
rate of healing by tl)proxirnately 25 perceltt in aborrI
68 percent of tlre cases of traurnatic and themral
wounds.t Addi t iorral experi lnen ts using topical
"chloroptryll" therapy slrpported the positive wountl
healing effects noted earlier'.6 Chloroptryll derivativcs

*I)r. Chernonrorsky is affitiated wi th Biophann and I")r.
Segelnrzur is art associate profbssor of phannacognosy rvi i l^
the Departnlent of Clhernical BioloEr ancl l)harmacogn(]sv.
Rutgers Utriverstty. Correspclndence rnay tre addrcssecl tr.r Dr.
Clrernomorsky, Bir;1-rhelrnl" P.O. Rox 2882, Elizabeth, NJ
Q72A7.
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led to actlvatton of flbro4asls,@
tton tl@eJ tn cell mttotlc lndtces
w_b&!_ag 9qpg{r,tcq,gqcel .Also,
It was observed that the @ and
the rcggl$nl_glrculqtlon ln the chlorophyll-treated
wounds were f nclggpgg.?6

In connectlon wlth wound healtng one of the con-
cems among cllnlclans ls the recognltlon that toplcal
wounds and ulcers frequently are,lrrfected. Thus, even
when treated by preparatlons whlch stlmulate cell re-
generatlon, tnfected areas heal poorly. Clearly, an ideal
wound-healtng agent should demonstrate dual ac-
ttons: cell rcgeneratlon as well as anttmtcrobial
properttes. In a serles of further tnvestigatlons, lt was
shown that CCCe-rt and other chlorophyll dedva-
tlvesr2'r3 were bactgr:!ssl!gl[c__.!I_ggg, ngl4.ry ggdnst
grqn-posltlve mlcrqglg lg some of whlch are
wound pathogens. Also. these substances nggfgl.lzed
Steptrg 3.us.-aure us and Clqqfldlgn ^pgirtg ns
toxlns r whlch may Inhlblt or prwent wound heallng.
The toplcal appllcatlon of CCC aboltshed the un-
deslrable n"*
of one or more components of mlcroblal and non-
mlcrcql4 gqgln present tgyg,,rriA"' $$ and there-
by promoted heallng.'s Flnally, CCC Inhlbtted staphy-
tocqgcal coagulqse-fnduqq4 ct e
may result ln llbrln-coalg-d_b-4gterter which subsequent-
ly replst_p.h,eg99ytgqls.' "

Another approach taken for studytng the cell re-
generatlon acttvlty of chlorophyll derivatlves was to
study the effect of tnese suUs a
etg!qeq!-s. The adminlstratlon of these agents alone or
wtth lrOn-contalnlng compounds, stimulate{ the pro-
ductlon of c
qg|rrgglg.'' Anbmtc rabbtts fed a regular diet sup-
plemented wtth chlorophyll derivatlves recovered after
14 days. compared to 23 days for the controls.Is Other
studles in anemlc anlmals treated with CCC (O.O25
g/kg tntravenous or O.OS gkg by rnouth)re or wlth
dtfferent chlorophyll derlvatlves (O.O5 mglkg sub-
cutaneously)s showed a ZQ.E !o QQ pqrcent lncrease tn
e"rythrocytes ar4 r9nl4l_4lq n
lO to 16 days. Oll-soluble as well as water-soluble
chlorophyll derivatlves exh lb t ted antianem ic effects.2 |

Chlorophyll-lron complexes have been especlally suc-
cessful In managlng anemic anlmals.22 The utillty of
chlorophyll derlvatlves for treattng vartous anemias
also was descrlbed by other workers,4 although it
should be noted that in one study, these substances
were lneffectlve.2{ In addltlon to erytlrrocytes, the re-
generatlon of other blood cells can be stlmulated by
these substances. Thus, chlorophyll dedvatlves ad-
mlnlstered lntraperltoneally ranerscd or prwented
chemlcal and x-ray-tnduced leukopeula In several
anlmal models.25'26

Morerrer. the regenerattve and protectlve propertles
of chlorophyll derlvattves were furt^ter substantlated
by observlng the effect of these substances on sorne
Intemal organs. Thus. orally admlnlstered CCC-con-
tatntng preparatlons showed antlulcer actlvlttes In
antmals.'7 Also. chlorophyll derlvatrves protected
aelalnst carbon tetrachlortde-lnduced ltver damage In
anlmals.m Ftnally, ln tn vivo models, these agents ln-
creased oxygen consumptlon. whlch ls an lndlcator of
cell regeneratlon.2e
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The potential of chlorophyll derivatives, particularly
CCC, for therapeutic use, initiated toxicological stud-
ies on the latter. Thus. rabbits, clogs, cats, guinea pigs,
rats, and rnice wete administered CCC by val-ious
routes. The doses, ranging frorn I OO to 3OO nrg daily,
were glven for perlods o[ fionr five to eight days de-
pending on the arlirnal. At all of ttre doses adtttinis-.
tered, no €urlnlals were found to exhibit signs of tox-
icity, thereby attesting to the safbty of CCC.3o In mice
the LDuo (lethal dose) values for CCC were: 285 tnglkg
intravenously, 4OO mg/kgintraperitoneally (ip), and l0
g/kgby moutlt.3' Flarrison and colleagues Llsing Swiss
male mice reported the followlng acute toxicity data
LD*, 7 g/kgby rnouth (LDo, 5 gkg and LD,*, 12 g/kgl
and O.l9 g/kg ip (LDo, O.l3 g/kg and LD,*, 0.32
g/kgl.t2 Moreover, during a ten-day period, Sprague-
Dawley rats tngested a total of I O.2 gand 13.4 g of CCC,
respectively, with no deaths obserued (LI)o, 50 $/kg).
These results point up the fact ttrat CCC is an extrente-
ly safe substancg from arl acute arld chronic toxicity
point of view.

CLIMCAL STT,JDIES

Wound heallng. 'fhe cell regeneration efflects of CCC
in tissue culturc and aninral nrodel studies, its itt-
fluence on woulld healing retardation factors, €uld its

apparent lack of toxlc properties led to clinical in-
vestlgations which started actively in the United Si,ates
ln 194O. Ointrnents and solut ions containing chlo-
rophyll derivatives, including CCC*, were found to
promote wound healtng and to reduce malodors in
varlous tlpes of suppurative leslons.33 In rnore tlran
4OO hospital cases o[ suppurative disease, the topinl
appltcation of CCC stirnulated griu"lulat.ion tissue and
epithelization better than several other agents."a Nu-
merous clinical cases of chronic, refractory sldr"r
lesions, mainly dermal ulcers which failed to respond
to conventional therapy,were treated successfully rvith
CCC.S5 Marked imprgvenr-e.nt arld healing follcxvirrg
CCC tt 

" 
g, were

reported in vanrrus. Wpes 0 as
well as in burns.36'37 Indeed, nurnerous clinical studics
have demonstrated the potential of CCC as a tissue
stiinulant and wound healing agent in m€magirrg a
wide variety of burns, derntatoses, and skin arld
gingival lesions.3u 42 Objective rnethods to evaluate the
effectiveness of CCC using conlparative ttrerapy with
other agents in patlents with bilateral lesions clenr-
onstrated CCC to be the wound-healing drug of
cholce.os Only a few reports have failed to show a thera-
peutlc effect for CCC In the tvound-healing process,44
with one study irrdicating that CCC at least tended to
improve wound appearance.4s

Although CCC topical theralry general$ gave acceF)t-
able cllntcal results, continued experience with CCC
preparatlons revealed that sorne cases of especially
chronlc, slow-lrcaling ulcers fatled to respond satisf,lc-
torlly.ss-4s Furtlrcr investlgations showed that these rc-
calcltrant leslorrs exhlblted decreased vascularizatic rr
due to capillary ucclusion by agglutlnated erythrocytes.
In addltlon, tlre occurrence of dense$ collagenizetl

*Most of the cllnlcal studles in the Unitecl States employed
olntments contatning 0.5 percent CCC In a water-washable
base or aqueous solutions containlng O.2 percent CCC
(Chloreslumo, $rstan Co., Inc.)
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flbrous tlssue. together wtth toxlc product.s from tls-

sue breakdown and necrosls wlthln the ulcer ttself, led
to lncomplete heallng wlth frequent reoccurrences of
healed tlssue breakdown.n6 Therefore, a novel toplcal
preparatlonr was developed whtch contained CCC as
an antlaggluttnattng and wound-healirrg agenl the
proteolyttc enzyme papaln as a debrldrng agent, and
urea to render necrotlc tissue and wound debris more
susceptlble to papaln breakdown. This formulatlon
was more effectlve (86 percent complete healin$ than
elther papaln or CCC alone In treattng slow-healtng
wounds.6 TVenty-three of 24 patientsa' and 26 of 27
cases,* all Involvlng varlous foul-smelllng skln ulcers
and suppuratlve wounds, were effectively managed
and, ln many cases, completely healed4T wlth the pa-
paln-urea-CCc(PUC) otntment. Different t14pes of
chronlcally Infected wounds, rnarly of which dld not
respond to antlmtcroblal therapy, and/or surgtcal
debrtdement were effectlvely treated with PUC ther-
apy.nn'* Eradtcatlon of local lnfection and complete
healtng of chronlc dermal ulcers were reported tn 36
of 37 cases.ne Appllcatlon of PUC olntnrent ln 18 of 22
c€lses of chrontcally lnfected wounds provided effective
debrtdement prlor to surgery. eliminated malodors,
and avolded surgery tn a few cases.uo All these cltnlcal
reports lndlcated that the use of PUC ointment was
safe, l.e. translent mild local effects including burning,
sttnglng, or ltchlng were only rarely observed and gen-
erally dtd not warrant cessation of therapy, and were
hlghly beneftclal ln managing slow-healing wounds
compllcated by necrosls and lnfection.

Internal Deodorlzatlon. In view pf the many ob-
servatlonS that CCC exhtbited deodorizlng effects as
well as healed foul-sm'elling wounds, it was suggested
that CCC mtght be helpful In controlllng the odor prob-
lems of ostomy patlents. Early reports showed that the
deep lnsertlon of chlorophyll derivatlves by pattents
lnto thelr colostomles led to slgniftcant deodoriza-
tlon.sr Subsequently, lt was shown in several studles
that the oral admlnistration of CCC* * in doses of
about IOO to 2OO mg dally to colostomy patlents. was
sufflclent to control malodors without undestrable
slde effects,sz's4 Ustng the s€une dosage schedule, many
studles also have been carrled out on ttre use of CCC
to control malodors in patients with urinaqr zurd fecal
incontlnence problems.s5.s8 Except for one study whtch
enrployed low, dally oral doses of CCC over relatively
short pertods of tlme,s8 these reports generally afforded
evidence that odors werb reduced markedly ln about
one week and contlnued treatment rnalntalned good
control conslstently. CCC has been classtfied as
belng generally reco gnlzed as safe and effecttve as an
lntemal deodorant by the u.S. Food and DrugAdminis-
tratlon.se

MODT OF ACTION

The exact mechanlsms whereby chlorophyll derlva-
tives promote wound healtng are not fully understood.
Some posslblltttes lnclude a) the stlmulation of pro-
teln syntheslsm ln a m€rnner slmilar to that known for

'Ten percent papaln, lO percent urea and O.5 percent CCC
ln a water-washable base (PanaftlB Qlntment, Rystan Co,,
Inc.l.

'*Tablets eontalnlng tOO mg CCC (Deriftle, Rystan Co,, Inc.).
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henrem and subsequent cell regeneration2's't2 with con-
comltant lncreased olrygen uptzike;2s and b) arrti-
mlcrobtal effects and/ar direct neutrallzing efflects on
toxins as well as other wound-heallng retarding coln-
pounds present in wound exudates.e-r6' 6r-68 Various
mechanisms have been suglgested to explain the de-
odorlztng effect of chlorophyll dertvatives. Thus, the

absorptlve properties of these substances fbr odorous
compounds have been reportecl.oa Chlorophyll deriva-
tlve,s were found to tightly bind and immob llize
odor ous mlcrobial indolic compounds.6s Also, these
chloroptqyll derivatives may induce metabolic changes
irr odor-causing microorganisms. For o(ample, P. uul-
garts grown ln the presence of these agents produced

lesser than nonnal arnounts of hydrogen sulfide, ann-
monla and methyl indole compounds.66'67 It ts tempt-
Ing to speculate that at least one comtnon genet'al lni

under$tng molecular mechantsm may account for the

btologtcal activities of chlorophyll derivatives. T'ltis
mechantsqr may involve the affinity of these sub-

stzurces to form complexes with protelns. As a result,
the normal btological activities of the complexed pro-

telns are altered.

NEW AREAS OF APPLICATION

Thts review deals matnly with the use of chlorophyli
derivatives as wound healing and deodorizatiort
agents. Flowever, studies carried out in the last decade
have suggested that new medlcal applicattons rnay be
developed for these substances. For exanrple, since sev-
eral dlfferent en4mratic reactions were influenced by
chlorophyll derivatives,6s'6e these agents were evaluatcd
for treatlng experirnental pancreatitisTo'7r wtrlch in-
volves pathological changes induced by certain en-
zyrnes. The preclinical results were promising and a
few clinical studies have shown that chloropltyll de-
rlvatives may be useful in treating parlcreatitls.T2

Of great lnterest are reported studies on the anti-
mutagenlc effects of chlorophyll derlvatlves and plant
extracts rich ln chlorophyll. These preparations have
demonstrated most acttvity against several carcirxl-
gens ln the Ames Salmonella/manrnrallan microsonle
test as well as ln other test systems.T3'74 If further in-
vestt$ations confinn that chlorophyll and its deriva-
tives possess antiinuta$enic zurd/or anticancer proper-
ties, the inclusion of these agents in the hurnan diet
may provide a modicurn of protection against cancer
dlsease. Also, new atternpts to lnvesttgate the actiorr
of chlorophyll derivatives on fonned blood elenrents
have been undertaken. Thus, orally adrnlnistered,
these substances were used successfully to increase
the number of leukocytes ln children sufferlng fronr
leukopenla due to various causes. In some cases, these
agents prevented leukopenia and, also, in combinatlon
wlth standard therapy, gave better results in treating
thrombocytopenia of various orlgins ttran those ob-
talned wtth the standard therapy alone.75't6

A new technlque,photodynarnic therapy (PDT), was
recently tntroduced to treat cancer disease. It lncludes
the parenteral adrninistratlon of selected photo-
sensl t lzlng po rphyri n s, fo r examp le, henr atopo rp hyri n
derivatlve (HPD), to patients, followed by the appli-
cation of long wavelength llght to the area of tumor
growth. Thls procedure results ln the generation of
slnglet olry/gen ln the photosensitized cancer cells and
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subsequent photodestructlon of tuntors.TT PDT also
may be useful for treatlng psorlasis.Ts atherosclero-
sls.?s and certaln Infections.e Preclirrical PDT studles
using dlfferent chlorophyll derlvatives have shown
that these substances are actlve, antitumor photo-
sensltlzersEr''2 and may prove to be bctter clinical can-
dtdates for PDT than HPD.

Chlorophyll derlvatlves also have been found to dis-
play tmmunologicalm and antloxida,rrts activities. but
the practlcal appllcation of these proPert les has not yet
been dweloped.

CONCLUSIONS

Although one chlorophyll derlvative. CCC. ts enjoy-
Ing alr ever-lncreasing level of use as an intemal de-
odorant, the wound-heallng application of these
substances, particularly to trcat pressure sores and
other skin ulcers. seems to have been ne$ected during
the past 25 years. One possible explanatlon for this
occurrence may be that much of the knnwledge about
the therapeutlc applications of chloropiryll derivatives
was forgotten because of the introduction In the l96Os
of potent antl-lnflammatory steroids and antinri-
croblal products intended for topical use (although
sterolds actually inhibit wound l-realiirg). lndeed, the
m€magement of patients with slow-heallng wounds
stlll presents problems today because the treatment ls
expensive and the rehabllltatlon tlnre is prolonged.ss

Based on many published reports on the wound
heallng properties of CCC and other chlorophyll de-
rivatives, as well as a conslderation of the relatively low
cost of these substances, lt now would seern to be an
opportune tlme to take a new cllnical look at these
neglected medieinal agents. Btological and chemical
studies on chlorophyll derlvatives, ainted at some of
the new areas of applications (anticarlcer. antlathero-
sclerosls. and antipsoriasls), current$ are underway in
several laboratorles worldwide. One can antlcipate new
and important results relatlve to this interestinggroup
of natural substances.
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