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. REVIEW ARTICLE: BIOLOGICAL ACTIVITIES OF
- CHLOROPHYLL DERIVATIVES

SIMON A. CHERNOMORSKY, PH.D., AiiD ALVIN B. SEGELMAN, PH.D., PISCATAWAY*

The authors review the anti-inflammatory, wound healing, and
malodor-reducing properties of chlorophyllin, a chlorophyll-
related medicinal agent; the study includes plunt-derived,
chlorophyll-based compounds under study as useful anticancer,
antiatherosclerosis, and antipsoriasis drugs.

Ithough chloropliyll generally is

A known as the major photosyn-

thetic porphyrin pigment in

plants, some of its chemical derivatives exhibit
interesting biological activities in animals and hu-
mans. [t has been at least 14 years since the last survey
on this subject appeared.! The purpose of this article
is to present a brief review of the older literature, the
more recent publications, and some unpublished re-
sults of our ongoing studies. Selected aspects of the
biological activities of chlorophyll deiivatives, espe-
cially chlorophyllin coppger complex (CCC}), a centrally
coordinated metal tetrapyrrole compound, with par-

ticular emphasis on stimulation of cell regeneration,
influence on wound-healing retardation factors, toxi-
cological characteristics, and the clinical application of
CCC as a wound healing and deodorizing agent will

be discussed. Furthermore, the possible utilization of
these substances as therapeutic agents in some new,
promising areas, also will be described.

PRECLINICAL STUDIES

Smith and Sano were among the [irst workers to
investigate the effects of chlorophyll derivatives on cell
growth using tissue culture methods.? The addition of
0.05 or 0.5 percent of CCC to cultured embryonic

mouse heart fibroblasts resulted in a rapidly increased
growth rate (40 percent) which was maintained by

lgrowth factors
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lgrowth factors |

replenishing the CCC every 48 hours. Another tissuc
culture study demonstrated similar growth stimu-
lating effects of chlorophyll derivatives. For example,
these substances at concentrations of 2x10'M in-
creased by 31 percent the neurite outgrowth in mouse
neuroblastoma cells.?

The observations made on the tissue culture studics

‘also were investigated in animal experiments. Oint-

ments containing chlorophyll derivatives which were
applied to guinea pigs and rabbits with induced skin
wounds resulted in, faster healing rates than those
occurring with some other agents tested. “Chlorophyll”
therapy initiated eaily appearance of clean granulation
tissue, rapid epitliclization, and acceleration of wound
healing without inflammation.® Similar studies in
various animals showed that CCC consistently dis-
played statistically significant effects, increasing the
rate of healing by npproximately 25 percent in about
68 percent of the cases of traumatic and thermal
wounds.” Additional experiments using topical
“chlorophyll” therapy supported the positive wound
healing effects noted earlier.® Chlorophyll derivatives

*Dr. Chernomorsky is alfiliated with Biopharm and Dr.
Segelman is an associate professor of pharmacognosy wiil,
the Department of Chemical Biology and Pharmacognosy.
Rutgers University. Correspondence may be addressed to Dr.
Chernomorsky, Biopharm, P.O. Box 2882, Elizabeth, NJ
07207.
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led to activation of fibroblasts, reduction of epitheliza-

tion time, and marked increases in cell mitotic indices

which accompanied accelq;rgg:ngwound healing. Also,
it was observed that the number of blood vessels and
the resultant circulation in the chlorophyll-treated
wounds were increased.”

In connection with wound healing, one of the con-
cerns among clinicians is the recognition that topical
wounds and ulcers frequently are infected. Thus, even
when treated by preparations which stimulate cell re-
generation, infected areas heal poorly. Clearly, an ideal
wound-healing agent should demonstrate dual ac-
tions: cell regeneration as well as antimicrobial
properties. In a series of further investigations, it was

shown that CCC*" and other chlorophyll deriva-

gr@fﬂjoslﬁlyg,mlgrgprganlsmsmsome of which are
wound pathogens. Also, these substances neutralized

toxlns which may inhibit or prevz;nt wound heallng
The toplcal application of CCC abolished the un-
desirable hemagglutinating and mﬂammatoty effects
of one or more components of microbial and non-
microbial origin present in wound exudates and there-
by promoted healing.'® Finally, CCC inhibited staphy-
lococcal coagulase-induced clotting that otherwise
may result in fibrin- coated bacteria which subsequent-

Another approach taken for studying the cell re-
generation activity of chlorophyll derivatives was to
study the effect of these substances on formed blood
elements. The administration of these agents alone or
with iron-containing compounds, stimulated the pro-
duction of hemoglobln and erythrocytes in anemic
animals."” Anemic rabbits fed a regular diet sup-
plemented with chlorophyll derivatives recovered after
14 days, compared to 23 days for the controls.'® Other
studies in anemic animals treated with CCC (0.025
g/kg, intravenous or 0.05 g/kg, by mouth)' or with
different chlorophyll derivatives (0.05 mg/kg, sub-
cutaneously)® showed a 70.5 to 83 percent increase in
erythrocytes and normalization of hemoglobin levels in
10 to 16 days. Oil-soluble as well as water-soluble
chlorophyll derivatives exhibited antianemic effects.?!
Chlorophyll-iron complexes have been especially suc-
cessful in managing anemic animals.22 The utility of
chlorophyll derivatives for treating various anemias
also was described by other workers,® although it
should be noted that in one study, these substances
were ineffective.?* In addition to erythrocytes, the re-
generation of other blood cells can be stimulated by
these substances. Thus, chlorophyll derivatives ad-
ministered intraperitoneally reverscd or prevented
chemical and x-ray-induced leukopenia in several
animal models.?>*

Morever, the regenerative and protective properties
of chlorophyll derivatives were furt.ier substantiated
by observing the effect of these substances on some
internal organs. Thus, orally administered CCC-con-
taining preparations showed antiulcer activities in
animals.”” Also, chlorophyll derivatives protected

against carbon tetrachloride-induced liver damage in

animals.®® Finally, in in vivo models, these agents in-
creased oxygen consumption, which is an indicator of
cell regeneration.”®
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The potential ol chlorophyll derivatives, particularly
CCC, for therapeutic use, initiated toxicological stud-
ies on the latter. Thus, rabbits, dogs, cats, guinea pigs,
rats, and mice were administered CCC by various
routes. The doses, ranging from 100 to 300 mg daily,
were given for periods of from five to eight days de-
pending on the animal. At all of the doses adminis-
tered, no animals were found to exhibit signs of tox-
icity, thereby attesting to the safety of CCC.** In mice
the LD, (lethal dose) values for CCC were: 285 mg/kg
intravenously, 400 mg/kg intraperitoneally (ip), and 10
g/kg by mouth.” Harrison and colleagues using Swiss
male mice reported the following acute toxicity data:
LDs,, 7 g/kg by mouth (LD, 5 g/kg and LDy, 12 g/kg)
and 0.19 g/kg ip (LD, 0.13 g/kg and LD,y 0.32
g/kg).* Moreover, during a ten-day period, Sprague-
Dawley rats ingested a total of 10.2 gand 13.4 g of CCC,
respectively, with no deaths observed (LD, 50 g/kg).
These results point up the fact that CCC is an extreme-
ly safe substance from an acute and chronic toxicity
point of view.

CLINICAL STUDIES

Wound healing. The cell regeneration effects of CCC
in tissue culture and animal model studies, its in-
fluence on wound healing retardation factors, and its
apparent lack of toxic properties led to clinical in-
vestigations which started actively in the United Siates
in 1940. Ointments and solutions containing chlo-
rophyll derivatives, including CCC*, were found (o
promote wound healing and to reduce malodors in
various types of suppurative lesions.” In more than
400 hospital cases of suppurative disease, the topicnl
application of CCC stimulated granulation tissue and
epithelization better than several other agents.* Nu-
merous clinical cases of chronic, refractory skin
lesions, mainly dermal ulcers which failed to respond
to conventional therapy, were treated successfully with
CCC.» Marked improvement and healing following
CCC therapy, with relief of itching and burning, were
reported in various types of dermatological cases as
well as in burns.”*¥ Indeed, numerous clinical studics
have demonstrated the potential of CCC as a tissue
stimulant and wound healing agent in managing a
wide variety of burns, dermatoses, and skin and
gingival lesions.™* Objective methods to evaluate the
effectiveness of CCC using comparative therapy with
other agents in patients with bilateral lesions dem-
onstrated CCC to be the wound-healing drug of
choice.”” Only a few reports have failed to show a thera-
peutic effect for CCC in the wound-healing process,*
with one study indicating that CCC at least tended to
improve wound appearance.*’

Although CCC topical therapy generally gave accept-
able clinical results, continued experience with CCC
preparations revealed that some cases of especially
chronic, slow-licaling ulcers failed to respond satisf.ac-
torily.®* Further investigations showed that these re-
calcitrant lesions exhibited decreased vascularizaticn
due to capillary ucclusion by agglutinated erythrocytes.
In addition, the occurrence of densely collagenized

*Most of the clinical studies in the United States employed
ointments containing 0.5 percent CCC in a water-washable
base or aqueous solutions containing 0.2 percent ccCcC
(Chloresium?®, Rystan Co., Inc.)

NEW JERSEY MEDICINE

" %4

—

Einniasca " S

v

e g—

—

(gl

OO < D DT OT T

a0 0T A~ 0

N =N N D™ N

et ey A ()

o o e ek PR PR PR AR s ek ha N

L o m m

| . o



darly r

itud-
pigs.
ious
laily,
3 de-
inis-
tox-
ni-
g/.
dl1o
wiss
lata:
/kg)
0.32
gue-
>CC,
'Kg).
’me-

icity

_CcC
in-
1its
in-
ates
hlo-
I to
5 in
han
ical
and
Nu-
skin
onr
vitl.
ring
jere
3 as
dies
sue
ga
and
the
vith

- of
era-
38,4

dto

ept-
:CC

. ., e ESEE | GERRR. NGRS

fibrous tissue, together with toxic products from tis-
sue breakdown and necrosis within the ulcer itself, led
to incomplete healing with frequent reoccurrences of
healed tissue breakdown.*® Therefore, a novel topical
preparation® was developed which contained CCC as
an antiagglutinating and wound-healing agent, the
proteolytic enzyme papain as a debriding agent, and
urea to render necrotic tissue and wound debris more
susceptible to papain breakdown. This formulation
was more effective (86 percent complete healing) than
either papain or CCC alone in treating slow-healing
wounds.*® Twenty-three of 24 patients*” and 26 of 27
cases,* all involving various foul-smelling skin ulcers
and suppurative wounds, were effectively managed
and, in many cases, completely healed"” with the pa-
pain-urea-CCC(PUC) ointment. Different types of
chronically infected wounds, many of which did not
respond to antimicrobial therapy, and/or surgical
debridement were effectively treated with PUC ther-
apy.**® Eradication of local infection and complete
healing of chronic dermal ulcers were reported in 36
of 37 cases.* Application of PUC ointment in 18 of 22
cases of chronically infected wounds provided effective
debridement prior to surgery. eliminated malodors,
and avoided surgery in a few cases.® All these clinical
reports indicated that the use of PUC ointment was
safe, i.e. transient; mild local effects including burning,
stinging, or itching were only rarely observed and gen-
erally did not warrant cessation of therapy, and were
highly beneficial in managing slow-healing wounds
complicated by necrosis and infection.

Internal Deodorization. In view of the many ob-
servations that CCC exhibited deodorizing effects as
well as healed foul-smelling wounds, it was suggested
that CCC might be helpful in controlling the odor prob-
lems of ostomy patients. Early reports showed that the
deep insertion of chlorophyll derivatives by patients
into their colostomies led to significant deodoriza-
tion.®' Subsequently, it was shown in several studies
that the oral administration of CCC** in doses of
about 100 to 200 mg daily to colostomy patients, was
sufficient to control malodors without undesirable
side effects.’>** Using the same dosage schedule, many
studies also have been carried out on the use of CCC
to control malodors in patients with urinary and fecal
incontinence problems.’*® Except for one study which
employed low, daily oral doses of CCC over relatively
short periods of time,*® these reports generally afforded
evidence that odors were reduced markedly in about
one week and continued treatment maintained good
control consistently,. CCC has been classified as
being generally recognized as safe and effective as an
internal deodorant by the U.S. Food and Drug Adminis-
tration.*®

MODE OF ACTION

The exact mechanisms whereby chlorophyll deriva-
tives promote wound healing are not fully understood.
Some possibilities include: a) the stimulation of pro-
tein synthesis® in a manner similar to that known for

*Ten percent papain, 10 percent urea, and 0.5 percent CCC
in a water-washable base (Panafil* Ointment, Rystan Co,,
Inc.).

**Tablets containing 100 mg CCC (Derifil*, Rystan Co., Inc.).
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heme® and subsequent cell regeneration®*'? with con-

comitant increased oxygen uptake;”® and b) anti-
microbial effects and/or direct neutralizing effects on
toxins as well as other wound-healing retarding com-
pounds present in wound exudates.®'® €% Various
mechanisms have been suggested to explain the de-
odorizing effect of chlorophyll derivatives. Thus, the
absorptive properties of these substances for odorous
compounds have been reported.®* Chlorophyll deriva-
tives were found to tightly bind and immobilize
odorous microbial indolic compounds.®® Also, these
chlorophyll derivatives may induce metabolic changes
in odor-causing microorganisms. For example, P. vul-
garis grown in the presence of these agents produced
lesser than normal amounts of hydrogen sulfide, ain-
monia, and methyl indole compounds.®*” It is tempt-

underlying molecular mechanism may account for the
biological activities of chlorophyll derivatives. This
mechanism may involve the affinity of these sub-
stances to form complexes with proteins. As a result,
the normal biological activities of the complexed pro-
teins are altered.

NEW AREAS OF APPLICATION

This review deals mainly with the use of chlorophyli
derivatives as wound healing and deodorization
agents. However, studies carried out in the last decade
have suggested that new medical applications may be
developed for these substances. For example, since sev-
eral different enzymatic reactions were influenced by
chlorophyll derivatives,®®® these agents were evaluated
for treating experimental pancreatitis™”' which in-
volves pathological changes induced by certain en-
zymes. The preclinical results were promising, and a
few clinical studies have shown that chlorophyll de-
rivatives may be useful in treating pancreatitis.”

Of great interest are reported studies on the anti-
mutagenic effects of chlorophyll derivatives and plant
extracts rich in chlorophyll. These preparations have
demonstrated most activity against several carcino-
gens in the Ames Salmonella/mammalian microsome
test as well as in other test systems.”* If further in-
vestigations confirm that chlorophyll and its deriva-
tives possess antimutagenic and/or anticancer proper-
ties, the inclusion of these agents in the human diet
may provide a modicum of protection against cancer
disease. Also, new attempts to investigate the action
of chlorophyll derivatives on formed blood elements
have been undertaken. Thus, orally administered,
these substances were used successfully to increase
the number of leukocytes in children suffering from
leukopenia due to various causes. In some cases, these
agents prevented leukopenia and, also, in combination
with standard therapy, gave better results in treating
thrombocytopenia of various origins than those ob-
tained with the standard therapy alone.’”®

A new technique, photodynamic therapy (PDT), was
recently introduced to treat cancer disease. It includes
the parenteral administration of selected photo-
sensitizing porphyrins, for example, hematoporphyrin
derivative (HPD), to patients, followed by the appli-
cation of long wavelength light to the area of tumor
growth. This procedure results in the generation of
singlet oxygen in the photosensitized cancer cells and
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subsequent photodestruction of tumors.”” PDT also
may be useful for treating psoriasis,” atherosclero-
sis,”® and certain infections.* Preclinical PDT studies
using different chlorophyll derivatives have shown
that these substances are active antitumor photo-
sensitizers®'®? and may prove to be butter clinical can-
didates for PDT than HPD.

Chlorophyll derivatives also have been found to dis-
play immunological® and antioxidant® activities, but
the practical application of these properties has not yet
been developed.

CONCLUSIONS

Although one chlorophyll derivative, CCC, is enjoy-
ing an ever-increasing level of use as an internal de-
odorant, the wound-healing application of these
substances, particularly to treat pressure sores and
other skin ulcers, seems to have been neglected during
the past 25 years. One possible explanation for this
occurrence may be that much of the knowledge about
the therapeutic applications of chlorophyll derivatives
was forgotten because of the introduction in the 1960s
of potent anti-inflammatory steroids and antimi-
crobial products intended for topical use (although
steroids actually inhibit wound healiiig). Indeed, the
management of patients with slow-healing wounds
still presents problems today because the treatment is
expensive and the rehabilitation time is prolonged.*

Based on many published reports on the wound
healing properties of CCC and other chlorophyll de-
rivatives, as well as a consideration of the relatively low
cost of these substances, it now would seem to be an
opportune time to take a new clinical look at these
neglected medieinal agents. Biological and chemical
studies on chlorophyll derivatives, aiimed at some of
the new areas of applications (anticancer, antiathero-
sclerosis, and antipsoriasis), currently are underway in
several laboratories worldwide. One can anticipate new
and important results relative to this interesting group
of natural substances.
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