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Background: Inhibitors of hyaluronidase are potent agents that maintain hyaluronic acid
homeostasis and may serve as anti-aging, anti-inflammatory, and anti-microbial agents. Sodium
copper chlorophyllin complex is being used therapeutically as a component in anti-aging cos-
meceuticals, and has been shown to have anti-hyaluronidase activity. In this study we evaluated
various commercial lots of sodium copper chlorophyllin complex to identify the primary small
molecule constituents, and to test various sodium copper chlorophyllin complexes and their
small molecule analog compounds for hyaluronidase inhibitory activity in vitro. Ascorbate
analogs were tested in combination with copper chlorophyllin complexes for potential additive
or synergistic activity.

Materials and methods: For hyaluronidase activity assays, dilutions of test materials were
evaluated for hydrolytic activity of hyaluronidase by precipitation of non-digested hyaluronate
by measuring related turbidity at 595 nm. High-performance liquid chromatography and mass
spectroscopy was used to analyze and identify the primary small molecule constituents in vari-
ous old and new commercial lots of sodium copper chlorophyllin complex.

Results: The most active small molecule component of sodium copper chlorophyllin com-
plex was disodium copper isochlorin e4, followed by oxidized disodium copper isochlorin e4.
Sodium copper chlorophyllin complex and copper isochlorin e4 disodium salt had hyaluroni-
dase inhibitory activity down to 10 pg/mL. The oxidized form of copper isochlorin e4 diso-
dium salt had substantial hyaluronidase inhibitory activity at 100 pg/mL but not at 10 pug/mL.
Ascorbate derivatives did not enhance the hyaluronidase inhibitory activity of sodium copper
chlorophyllin. Copper isochlorin e4 analogs were always the dominant components of the small
molecule content of the commercial lots tested; oxidized copper isochlorin e4 was found in
increased concentrations in older compared to newer lots tested.

Conclusion: These results support the concept of using the hyaluronidase inhibitory activity
of sodium copper chlorophyllin complex to increase the hyaluronic acid level of the dermal
extracellular matrix for the improvement of the appearance of aging facial skin.

Keywords: sodium hyaluronate, extracellular matrix, porphyrin, dermal matrix, glycosamino-
glycans, chlorophyll derivative

Introduction

The extracellular matrix (ECM) present within all tissues and organs provides not
only essential physical scaffolding for the cellular constituents but also initiates
crucial biochemical and biomechanical signals that are required for tissue mor-
phogenesis, differentiation, and homeostasis.! The ECM is composed of two main
classes of macromolecules: proteoglycans, which includes glycosaminoglycan chains,
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primarily hyaluronic acid (HA); and fibrous proteins, which
include collagens, elastins, fibronectins, and laminins.

HA is the predominant glycosaminoglycan of human
skin, constituting more than 50% of the total HA in the
body.? HA as an injectable implantable device and dermal
filler is approved by the US Food and Drug Administration
for correction of facial lines and wrinkles.

Because of its negative charge, HA is highly hydrated
and serves as an extracellular reservoir to hold large amounts
of cations and water, a mechanism for maintaining normal
hydration of the skin. With advancing age, HA polymers
become more tissue associated, presumably through HA-
binding proteins such as fibrinogen, collagen, CD44, and
hyaluronidase, which may underlie some of the changes in
human skin that occur with aging.> These changes include
loss of moisture in the skin leading to dryness, collagen
degradation, loss of elasticity, epidermal atrophy, and wrin-
kling of the skin. The symptoms of photoaged skin including
wrinkling, laxity, and a leather-like appearance are causally
connected to histological and ultrastructural changes of the
connective tissue of the dermis, including changes in the
hyaluronan and proteoglycan matrix leading to reduced water
content.* UVB exposure results in decreased HA in the skin,
presumably through down-regulation of HAS2 expression
by proteolytic collagen fragments mediated by MMPs in
response to UVB.’ In mice, subcutaneous estradiol treatment
resulted in increased dermal HA, correlated with induction
of HAS3, up-regulated by EGE?®

HA in tissues is degraded by hyaluronidases, naturally
occurring enzymes in the ECM. Degradation of HA in the
ECM results in a breakdown of structural integrity and an
increase in tissue permeability.” Hyaluronidases in the ECM
are present in an inactive or suppressed form, bound to
inhibitors. This inhibition of hyaluronidase activity prevents
otherwise rapid degradation of HA in the ECM and functions
to maintain structural integrity.

Inhibitors of hyaluronidase are also naturally occurring
in the ECM and are potent regulating agents involved in
maintaining the balance between anabolism and catabo-
lism of HA. The balanced regulation of HA metabolizing
enzymes is necessary for normal tissue organization and
ECM mediated functions. As agents that maintain HA
homeostasis, hyaluronidase inhibitors may serve as anti-
aging, anti-inflammatory, and anti-microbial agents.® While
hyaluronidase inhibitors have not been well characterized,
studies suggest that the circulating hyaluronidase inhibitor is
a plasma protein with the characteristics of an “Iol molecule”

with a high molecular mass, ranging from 130 to 240 kDa
present in the circulation in approximately 0.2—-0.7 mg/mL.*
Significant immunohistochemical staining for ol was
observed in the dermis of normal human skin. The authors
also describe pericellular (eg, fibroblast) matrix stabilization
of hyaluronan with the polypeptide Iold.

Sodium copper chlorophyllin complex is a semi-synthetic
mixture of the water-soluble sodium salt of copper chlo-
rophyllin derived from plant chlorophyll that possesses a
unique combination of anti-inflammatory, antibacterial, and
antioxidant activities. Early research on the pharmacology of
chlorophyllins demonstrated the anti-hyaluronidase activity
of water-soluble chlorophyllins, suggesting a mechanism for
the anti-inflammatory activities observed.’

Sodium copper chlorophyllin complex has previously
been used topically to aid in wound healing'®"? but the
ingredient has not been used therapeutically until recently as
an anti-aging cosmeceutical in topical cosmetic and personal
care products.'

Sodium copper chlorophyllin complex is the active
component of Phytochromatic MD™ Complex, which is
included in the Rejuvaphyl™ line of topical products from
MDRejuvena, Inc. (San Diego, CA, USA).

The major small molecule analog compounds present in
sodium copper chlorophyllin complex have been reported
previously'® based on high-performance liquid chromatogra-
phy (HPLC) analysis. In this study, various commercial lots
of sodium copper chlorophyllin complex were first analyzed
by the method of Mortensen and Geppel®® to examine the
small molecule constituents in the preparations in advance of
screening the lots of sodium copper chlorophyllin complex
and their small molecule constituents for hyaluronidase inhib-
itory activity by an in vitro method. In vitro testing of various
known small molecule components of copper chlorophyllin
was performed to evaluate their hyaluronidase inhibitory
activity. Ascorbic acid and various ascorbate compounds are
often included in topical over-the-counter facial skin treat-
ment formulations as antioxidants. Additionally, ascorbate
molecules have been cited as inhibitors of hyaluronidase.'
Therefore several ascorbate compounds were tested with
sodium copper chlorophyllin complex for potential additive
or synergistic activity.

Materials and methods

Determination of hyaluronidase activity
Test materials were dissolved in either sterile water or etha-
nol, as appropriate, immediately before each experiment.
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Test materials were tested at concentrations ranging from
100 pg/mL to 0.4 pg/mL. Test material dilutions were made
with sterile Type I water. Type I water and ethanol were the
negative controls, and the positive control was tannic acid.”
(Chemical Abstracts Service number 1401-55-4; Sigma-
Aldrich Co, St Louis, MO, USA), a known strong inhibitor
of hyaluronidase activity.'® The effect of test materials on the
hydrolytic activity of hyaluronidase (IV-S, bovine; Sigma-
Aldrich Co) was assessed by precipitating the non-digested
hyaluronate with 10% cetylpyridinium chloride (Maypro
Industries, Purchase, NY, USA) and measuring the related
turbidity at 595 nm with SpectraMax 190 in a manner similar
to the method first described in 1948 by Dorfman et al.! Three
separate experiments were conducted for each test material.
Assays were carried out by Sunny BioDiscovery, Inc., Santa
Paula, CA, USA.

All small molecule analog components of sodium copper
chlorophyllin complex were supplied by Frontier Scientific,
Logan, UT, USA. Sodium copper chlorophyllin (C3999)
and ascorbyl palmitate (6-O-palmitoyl-L-ascorbic acid) were
supplied by Spectrum Chemical, New Brunswick, NJ, USA.
Sodium magnesium chlorophyllin complex (Chlorophyll
MM) was supplied by Food Ingredient Solutions, Teterboro,
NJ, USA. Sodium ascorbate (Na Asc) and magnesium ascor-
byl phosphate (AMP) were supplied by Goodier Cosmetics,
Dallas, TX, USA and the dipalmitoyl ascorbate (BV-ADP)
was supplied by Barnet Products Corporation, Englewood
Cliffs, NJ, USA.

P-values representing statistical significance were calcu-
lated using paired student’s #-test, and threshold of statistical
significance was fixed at P=0.05 and at least 15% difference
as compared to the water control.

Analysis of sodium copper chlorophyllin

samples

Four commercial samples of sodium copper chlorophyllin
complex were analyzed by HPLC and mass spectroscopy by
Frontier Scientific. The purpose of the analysis was to identify
the primary small molecule constituents in each lot using the
procedure described by Mortensen and Geppel.'* The four
samples included both an old and a new lot of sodium copper
chlorophyllin complex from two commercial suppliers, Food
Ingredient Solutions, LLC and Spectrum Chemical.

Some of the small molecule analog constituents of sodium
copper chlorophyllin complex were identified using authentic
standards, and others were identified through comparison to
the literature.

Results

Effect of test materials on hyaluronidase
activity in vitro

Sodium copper chlorophyllin complex, sodium magnesium
chlorophyllin complex, and small molecule component
compounds of sodium copper chlorophyllin complex were
evaluated for hyaluronidase inhibitory activity in vitro, com-
pared to the positive control (tannic acid) and the negative
controls (Type I water and ethanol). Three sets of experiments
were carried out.

As shown in Table 1 and Figure 1, sodium copper chloro-
phyllin complex and copper (II) isochlorin e4 disodium salt
had hyaluronidase inhibitory activity down to 10 pg/mL. The
oxidized form of copper (II) isochlorin e4 disodium salt had
substantial hyaluronidase inhibitory activity at 100 pg/mL but
not at 10 ug/mL, and Chlorophyll MM (sodium magnesium
chlorophyllin complex) had no activity up to 100 pg/mL.
The structure of copper isochlorin e4 is shown in Figure 2,
and the structure of other copper chlorophyllin analogs are
provided in Tumolo and Lanfer-Marquez.?

As shown in Table 2, hyaluronidase inhibitory activity
of sodium copper chlorophyllin complex was not enhanced
by the addition of various ascorbate derivatives, includ-
ing sodium ascorbate, magnesium ascorbyl phosphate,

Table | Effect of sodium copper chlorophyllin complex, disodium
copper isochlorin e4 analogs, and sodium magnesium chlorophyllin
complex on hyaluronidase activity in vitro

Clinical, Cosmetic and Investigational Dermatology 2015:8

Test material Concentration Inhibition of P-value
(ng/mL) hyaluronidase (%)
Water - 0 -
Tannic acid 50 100 0.000
Sodium copper 100 100 0.000
chlorophyllin complex 10 13 0.000
2 | 0.019
0.4 0 0.135
Copper (ll) isochlorin 100 100 0.000
e4 disodium salt 10 24 0.034
2 0 0.600
0.4 0 0.839
Oxidized form of 100 83 0.000
copper (ll) isochlorin 10 2 0.089
e4 disodium salt 2 0 1.000
0.4 0 1.000
Chlorophyll MM 100 I 0.000
(sodium magnesium 10 | 0.839
chlorophyllin complex) 2 0 1.000
0.4 0 1.000
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100 Table 2 Effect of sodium copper chlorophyllin complex alone
90 and in combination with ascorbate analogs on hyaluronidase
80 activity in vitro
c 70 —— Sodium copper Test material Concentration Inhibition of P-value
§ 60 chlorophyllin complex (ngmL) hyaluronida_se (%)
L2 50 Copper (I1) isochlorin e4
= disodium salt HIO — 0 1.000
E 40 Oxidized copper (Il) isochlorin e4
° 30 disodium salt Ethanol, 1% - 0 0.650
20 T ChrophyiiM Tannic acid 50 83 0.000
10
0 Sodium copper 100 100 0.000
0.4 2 10 100 chlorophyllin complex 20 72 0.001
Concentration (mcg/mL) 5 5 0.072
Figure | Inhibition of hyaluronidase as a function of concentration of test  Sodium copper 100 100 0.000
materials. chlorophyllin complex + 20 78 0.000
sodium ascorbate 5 4 0.033
6-O-palmitoyl-l-ascorbic acid, and dipalmitoyl ascorbate, ~ Sedium copper 100 2 0.000
Magnesium ascorbyl phosphate reduced the inhibitory actiy- <" oroPiin complex + 20 2 0.009
] agnes u. ascorbyl phosphate e uce ¢ oryactiv- ascorbyl PM (magnesium 5 0 0.919
ity of sodium copper chlorophyllin complex. ascorbyl phosphate)

Various small molecule‘cor.nponents of sodium c?pper Sodium copper 100 89 0.000
chlorophyllin were tested individually for hyaluronidase  chiorophyllin complex + 20 89 0.000
inhibitory activity. As shown in Table 3, disodium copper  ascorbyl palmitate 5 8 0.000
isochlorin e4 was the most active material, followed by (6'O'Ef‘lmifj)>'l'L'

. . . . . . g ascorpic aci
disodium isochlorin e4. Table 3 does not contain the oxidized
forms of the various small molecule components of sodium ~ S°dium copper 100 100 0.000
hi hvlli | d only th idized f chlorophyllin complex + 20 83 0.003
copper chlorophyllin complex and only the oxidized form .\ 0ioc rbae 5 4 0,035

o OH

Figure 2 Structure of copper isochlorin e4.
Notes: Structure provided by: Frontier Scientific, Logan, Utah.

of copper (II) isochlorin e4, disodium salt was evaluated
(Table 1).

Analysis of commercial sodium copper

chlorophyllin samples

Analysis of old and new lots from two commercial suppliers,
Food Ingredient Solutions and Spectrum Chemical, showed
varying levels of copper isochlorin e4 and oxidized copper
isochlorin e4, as shown in Table 4. “New” lots were analyzed
within 1 year of production while “old” lots were 4-5 years
post-production and had been stored at room temperature
(59-86°F). In addition to the disodium salts of copper isochlo-
rin e4 and oxidized copper isochlorin e4 analogs, smaller per-
centages of sodium salts of copper chlorin €6, copper chlorin
p6, oxidized chlorin p6, oxidized chlorin 6, chlorin e4, and
1sochlorin e4 were identified in some of the lots. However, the
disodium salt of copper isochlorin e4 was always the dominant
component of the small molecule content. The disodium
salt of oxidized copper isochlorin e4 appears to increase in
concentration in the older lots as expected. A representative
HPLC chromatogram of an “old” lot from Food Ingredient
Solutions is presented in Figure 3.
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Table 3 Effect of sodium copper chlorophyllin small molecule
analogs on hyaluronidase activity in vitro

Test material Concentration Inhibition of P-value
(ng/mL) hyaluronidase (%)

H,O - 0 |
Tannic acid 50 99 0.000
Copper (ll) isochlorin 100 100 0.000
e4 disodium salt 20 60 0.000
(MW =658.16) 5 14 0.053
Isochlorin e4 100 55 0.000
disodium salt 20 22 0.001
(MW =596.63) 5 14 0.017
Copper (ll) chlorin 100 0 0.616
e4 disodium salt 20 12 0.079
(MW =658.16) 5 0 0.735
Chlorin e4 100 17 0.006
disodiumsalt 20 5 0.299
(MW =596.63) 5 0.115
Copper (Il) chlorin 100 24 0.006
e6 trisodium salt 20 0.436
(MW =724.15) 5 5 0.382
Chlorin eé 100 21 0.006
trisodium salt 20 20 0.002
(MW =662.62) 5 21 0.001

Abbreviation: MW, molecular weight.

Discussion

HA is a critical component of the ECM necessary for
maintaining normal hydration of human skin. The primary
mechanism of HA enhancement is through inhibition of
hyaluronidase activity by hyaluronidase inhibitors.

Sodium copper chlorophyllin complex, the active com-
ponent of Phytochromatic MD™ Complex, demonstrated
strong hyaluronidase inhibitory activity in vitro attributable
primarily to disodium copper isochlorin e4, a small molecule
component of the parent sodium copper chlorophyllin
complex. Oxidized isochlorin e4 derivatives demonstrated
reduced activity. Hyaluronidase inhibitory activity of sodium
copper chlorophyllin was not enhanced by the addition of

Table 4 Analysis of old and new lots of commercial sodium
copper chlorophyllin samples for copper isochlorin e4 and
oxidized copper isochlorin e4

Component Food solutions Spectrum

Old lot Newlot Oldlot New lot
Copper isochlorin e4, 41% 24% None 50%
disodium salt detected
Oxidized copper isochlorin  26% 18.7% 21% 12%

e4, disodium salt

800 -

700 4
Copper isochlorin e4

/

600 - /

500 -

Oxidized copper isochlorin e4

Copper isochlorin p6

400

mAU

300+ Chlorin e4 \

i
200 Isochlorin e4 ‘

|

|
100 \\ \ \ \

o ) 1

0 d—qL,\»,)JM” W WMo v e
1 :
0 10 20 30 40 50
Minutes

Figure 3 HPLC chromatogram of sodium copper chlorophyllin, item number P5521
from Food Ingredient Solutions, lot number 200/98 (“old lot”).

Notes: HPLC analysis was performed using YMC C30 column, (250x4.6 mm),
405 nm. The gradient program used was: 0-50% B over 30 minutes, 50—100% B over
10minutes, 100% Bfor 5 minutesand 100-0% B over 5 minutes. Solvent A: methanol:water:
acetic acid (90:10:0.5) and Solvent B: tert-butyl methyl ether:methanol:acetic acid
(100:10:0.5) at a flow rate of I.1 mL/min.

Abbreviation: HPLC, high-performance liquid chromatography.

various ascorbate derivatives. The results indicate that copper
is an important component of the inhibitory activity, given the
lack of inhibitory activity seen with sodium magnesium chlo-
rophyllin complex. Although not tested, natural chlorophyll
extracts from plant sources are magnesium chelates of
chlorophyll and would therefore not be expected to show
hyaluronidase inhibitory activity.

Analysis of various commercial lots of sodium copper
chlorophyllin complex showed that the primary small mole-
cule component, as found in newer lots, was disodium copper
isochlorin e4. Older lots had proportionally higher amounts of
disodium oxidized copper isochlorin e4, which demonstrated
lower hyaluronidase inhibitory activity in vitro.

Topical application of sodium copper chlorophyllin com-
plex may be useful in the regulation of HA by inhibition of
hyaluronidase activity in the skin, thereby acting to enhance
the improvement in the appearance of facial skin.

Complete inhibition of hyaluronidase activity in
vitro was demonstrated at sodium copper chlorophyl-
lin complex concentrations substantially lower than
those found in Phytochromatic MD™ complex. Sodium
copper chlorophyllin complex is present at concentra-
tions of 250-1,000 pg/mL in Phytochromatic MD™
complex, an enhanced penetrating liposomal concentrate
of sodium copper chlorophyllin complex, as utilized in
various topical anti-aging treatment products developed by
MDRejuvena, Inc.
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Conclusion

These results support the concept of using the hyaluronidase
inhibitory activity of sodium copper chlorophyllin complex,
alone or together with other topical cosmeceuticals, for
example, retinoids, alpha-hydroxy acids, and anti-aging
peptides, in order to improve the appearance of aged or
photoaged skin; particularly improvements related to the
integrity of the dermal matrix.
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