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Introduction
This study pits various types of vitamin C against one another in inhibiting the growth of a popular acne causing bacterium then it compares it
against various anti-acne drugs.

Conclusions

Zinc ascorbate is the most effective of the vitamin C types for combating
acne, as done here.

Zinc ascorbate can be used to great effectiveness with some anti-acne
drugs and inhibits the action of other anti-acne drugs.

Amendments

These are "in vitro” (in cells) studies, so making definitive claims may not pan out in normal day
to day living.

“linical, Cosmetic and Investigational Dermatology Daove

a ORIGINAL RESEARCH
Susceptibility of Propionibacterium acnes isolated
from patients with acne vulgaris to zinc ascorbate
and antibiotics

Katsuhire linuma' Purpose: The in vi imicrobial nctivity of ascorhic ncid derivatives against Propivnify
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Hidemasa Makaminami® fractonal inhibitory index was inedd using checkerboard tests. The antimi-
Masanori Sasatsu® erobial effectneness of zine ascorbate in the treatment of acese vulgars, either alone of in com-

Setsuko Nishijima’ bination with antibiodics such as clindamycin that ane commonly wsed in Japan for the trestment

Isami Tsuboi' of acne vulgaris, was therefore examined.

rriethods: The antimi ibility of 41 £ clind :
andior elindancin-reaistan £ gemes solated from acne volgas patients was tested, in com-
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Csaka, Japan 1d o Comb I zine sscorste with clinds - erythromycin, and
phenicol showed an additive effect, and zine ascorbate alone effeetively inhibated the growth
of all £ gemes inchuding elindamycin-resistant strains,

its concentration (0.064%) was sufficiently kower than the normal dose (5%) of ather ascorbic

Conclusion: The results pravide novel evidence that the combination of zinc ascorhate and
clindanmyein is effective far acne vulgaris treatment.
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Introduction

Propionibacterium aone
sehaceous glands and pilosebaceous foll
principal role in the development of acne vulga
matory disense characterized by typical inflammatory events

= skin microbe colonizes
This organism is considered to play a

. Acne vulgaris is a chronic inflam- 1

. including the overpro-

duction of sebum, abnormal desg of the seh follicle epith and
P aemes proli o' R ling the patk ic factors for acne devel and
tion, ultraviolet irradiation and peroxidation of sebum lipids have been reported

o activate inflammatory mediators such as reactive ooygen species.’
Ascorbic acud derivatives are some of the most widely used antioxidants for
protecting the skin,® The

‘Corespondence: lsami Tsubeod demonstrated efficacy in acne vulgaris.” However,
BML Gengral Laborstory,
1361-1. Matoba, Kawagoe-shi.

tionadative effect of 5% sodium acorby] phosphate has
remains unclear whether ascorbic

acid derivatives have antimicrobial activity against £ acnes.

Saiama 150:1 101, japan Many topical and systemic trestments have been proposed for acne vulgaris.®
Tal +81 492 32 3444 Clind and eryih i & & myast by used agents against P acmes ™ 2
Fax +81 492 32 3135 " 1 e
Envail l-tsubca@bml.cop On the other hand, many stedics have reported the emergence of 2 aeres with high
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1. This particular common bacteria is found around the sebaceous gland of the skin (the
sebaceous gland is a product producing part of the body that opens into the hair that we see
protruding from skin, it produces sebum, which is an oil that lubricates the hair). This common
bacteria is known to induce acne in the face by production of reactive oxygen species
(damaging oxygen atoms) leading to triggers of the gland to produce too much sebum by
damaging the cells in that region. The outer layer of skin undergoes desquamation, where they
peel off the rest of the skin (epidermis).cells.

2. P.Acne (the common bacteria in acne) has started to become resistant to many
different antibiotics.
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leve] resistance ides including cli
lomg-term antibiotic therapy is commonly used to treat acne
wulgaris. ' In Japan, a study conducted between 1994 and
1995 revealed that macrolide-resistant strains were found in
only 4% (2500 of B acees isolates from patients with acne
wvulgaris. However, they were found in 1% (5481 of P acnes
iselates between 2006 and 2007, showing P acmes resistance
to macrolides has been increasing in Japan**

Macrolide resistance in P acwes is considersd o be
waused by mutation of the peptidyl transferase regnon in the
domain Vol 235 fRNA, and by the target site alteration with
the 238 rRNA dimethylase that is encoded by erndX)."* In
addition, these mutations is associated with cross resistance to

MeFarland standard number 1. A dilute bacterial suspension
wits used o inoeulate wells of a S6well microplate, cach well
containing a different concentration of the drug being tested.
Dwouble dilutions of the drugs were prepared. The concen-
trations of the drugs in the GAM broth mnged from (.06 to
128 pg'mL {antimicrobial agents) or 1,25 to 1280 pp/ml
(ascorbic acld derivatives), and a final concentration of
10 eolony-forming units {CFU} of test bacteria per well
was added to each dilution. The plates were incubated in
an anaerobic gas-generating pouch (Anaere Pack System;
Mitsubishi Gas Chemical Co, Tokyo, Japan) at 35°C for
A8 hours. After the positive control lacking the antimicrobial
agent demonstrated good growth, the minimum inhibitory
{MIC) for each antibiotic was defined as the

clindamycin.' Therefore, the i ng p of mag-

rolide-resistant 7 acmes,
P acnes, i
clindamyein is extremely difficult.

Recently, it has been reported that antibiotic combination
enhances the therapeutic effect.™' In this study, the in vitre
efficacy of ascorbic acid derivates against P aenes alone and
in ination with cli in, er in. chloram-
phenicol, minocycline, or levofloxacine was examined.

Material and methods
Bacterial strains and drugs
Atotal of 41 P acnes strains used in this study were isolated
from patients with acne vulgans between 2006 and 2007 in
Japan, and four steains of these were clindamycin-resistant
P genes with mutation of the peptidy] transferase region in
the domain V of 235 rRNA gene: AZ038G, or A2059G " The
patients were given topical antibiotics instead of systemic
antibigtics. The samples were cultured on modificd Gify
anaerobic medium (GAM) agar (Nissui Pharmaceutical
Co, Tokyo, Japan) under anaerobic conditions at 35°C for
T2 hours. # aenes was identified by Api 204 (hioMéricux,
Marcy 1"Etoile, France)” 2 acnes JOM 6473 (ATCC 11828)
strain was used as the quality control strain for antimicrobial
ility testing. Cli in, er in, chloram-
phenicol, and minocycling were purchased from Sigma-
Alddrich (Tokyo, Japan), Al other chemicals used were of
the highest analytical grade.

Susceptibility tests

Susceptibility testing was performed using microbroth
dilution methods, sccording to the eriteria of the Japanese
Society of Chemotherapy.' ™ The samples were cultured in
GAM broth (Nissui Pharmaceutical Co) and adjusted o a

! ion of antibiotic required o inhibit bacterial
arowth, indicated by the absence of mrbidity.

Fractional inhibitory concentration

(FIC) index

The efficacy of a combination of zine ascorbate and antimi-
crobial agents against £ aenes was determined by checker-
board tests using microbroth dilution methods."” Fractional
inhibitory concenteation (FIC) indices were caleulated
using the following formula: FIC index = (MIC of drug &
in combination™MIC of drug A alone) + (MIC of drug B
in combination/MIC of drug B alone). An index of <05
wis considered as synergism; that <10 but =0.5 as addi-
tive action; and that =20 as antagonism. The samples were
adjusted to the MeFarland standard number | and a final
concentration of 10° CFU/well of test bacterin. The MICs
of the inations were ined after incuk
35°C for 48 hours.

at

Results

The antibiotic susceptibility of P. acnes

to ascorbic acid derivatives

The antibiotic susceptibility of £ aches JOM 6473 to ascor-
bic acid derivatives zing ascorhate, magnesium ascorbyl
phosphate, and sodium ascorbyl phosphate was imvestigated
i Tahle 1. The MIC of zinc ascorhate was 640 pg/ml, whereas
the MICs of ascorbic acid. magnesium ascorby] phosphate,
and sodium ascorbyl phosphate were =1280 pgmL. The
normul dose of ascorhic acid derivatives is 5% (50 mgmL).
These results indicate that zine ascorbate sufficiently inhilits
the growth of £ acses in the normal dose. Thus, zine ascor-
bate was used in further experiments.
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3. The researchers used 41 different strains of P.acnes (the bacteria) from patients with acne, as
well as 4 strains of antibiotic resistant strains and cultured the bacteria to allow them to grow to
enough of a concentration to use in experiments.



Effect of rine ascorbate om Propionbocterim ocmes

Table | Susceptibility of Propionibocterium acres JCM 6473 to
ascorbic acid derivatives

Combined effect of zinc ascorbate and
various antimicrobial agents against
clindamycin-resistant P. acnes isolated
from patients with acne vulgaris
Clindamyein-resistant # aenes with mutation of the pep-
tidyl i region in the domain V of 238 rRNA

Ascorbic acld derivates MIC

Asgortic acid =128

Zine ascarbate o

Magnesium ascorbyd phasphate. =1280

Sodum ascortyl phosphats =128
- gL

Combined effect of zinc ascorbate and
various antimicrobial agents against P. acnes
Tor stucly the antimicrobial effects of combanations of zine
ascorbate and antimicrobial agents such as clindamycin,
er in, icol, minacycline, and levo-
fioxacin, the FIC index was determined by checkerboard
tests (Table 2), In combinations of zine ascorbate with clin-
damyein, erythromyein, or chloramphenicol, the MIC of zinc
ascorbate reduced, and the FIC indices ranged from 00625 o
.75, The values exhibited an additive effect against £ acnes
JCM 6473, Conversely, the FIC indices for the combinations
of zine ascorbate with minocyeline or levofloxacin showed
no effect.

Clindarmyein is approved and commonly used in Japan for
the treatment of acne vulgaris.** Thss, the antimicrobinl effect
of zine ascorbate combined with elindamyein for 37 straing
of clindamycin-sensitive 2 aenes isolated from patients with
acne vulgaris was investigated. As shown in Table 3, the MIC
range of zine ascorbate wos approcimately twotold lower in

with I with that of zinc
aseorbate and clindamyein alone. The average FIC index was
{84, exhibiting an additive effect.

Table 2 Combined effiects of zinc ascorbate and antimicrobial
agents against Propionibocterium ocnes JCM 6473

Drug MIC (FIC index)  Interaction
Zinc ascorbate L]

Chndassrpin 003

Enythromytin LE]

Chiarimphesical ]

Minceycine 025

Levoflaxace a5

Zine asearbate/Clindamyein BT {0.63) Additive.
Tine ascarbate/Erythromyin 160/0.06 (0.75) Additive
Zing ascorbare/Chicramphisical 16001 (0,75} Additive
Zinc ascorbateMinocycline 400025 (2} Antagonism
Zinc ascorbare/Levofiowacin 4005 (2) Antagonism

Mot The nteractios mas defned s smergaiic if éon AIC inde wan <05, adéitive
e FIC indhen was Butwaen 05 aed 1.0, sniapasiie # the FIC index =1,
Abbeeviations: MIC., mirimus inbibitary concenerason gl AC Fucsonl
ishibitory concentratien.

has been increasing in Japan.” The antimicrobial effect of
#ine ascorbate combined with clindamycin, ervthromycin,
and chloramphenicol for four strains (PADOT-PADOG) of
clindamycin-resistant £ genes with a transition of adenine
to guanine at the position of 2058 (A2038G: PAGG ] -PADO3)
or 2059 {(AZ059G: PAGOE) was investignted. As shown in
Table 4, zine ascorbate was equally effective at inhibitmg
the growth of clindamycin-resistant P acnes strains (MIC
640 pg'mlL)y. In combinations of zine ascorbate with clin-
damycin, erythromyein, and chloramphenicol, the MIC of
zine ascorbate reduced (MIC range: 160-320 pg'mL) In
additien, the FIC mdex of PADD steain with clindanycin-
resistant £ acnes was .73, exhibiting an additive effect.

Discussion

In the microbroth dilution methods, according to the criteria
of the Japanese Society of Chemotherapy, a twofold serial
dilution series is used 1o determine the effectiveness of the
test drug, with | pg/mL as the primary dilution.'™"* In this
study, the concentrations of the drugs ranged from 0.06 to
128 pg/mL. However, ascorbic acid derivatives showed no
effect in this concentration. It was confirmed that MIC of
zine was 1280 pg/ml {data not shown), which is similar
to that reported by Fluhr et al* Therefore, the concen-
trations of ascorbic acid derivatives ranged from 1.25 to
1280 pgiml.

Five percent of sodium ascorby]l phosphate has been
reported to reduce acne lesions by 20014% and 48.82%
within 4 and ¥ weeks, respectively.” In addition, topical
(1.2%) and systemic (3 mg) zine have been reported to
show efficacy in the treatment of acne vulgaris *'** In the
present study, the MIC {640 pg'mL) of zine ascorbate
against P acnes JOM 6473 corresponded to 0.064%., and
the MIC value was lower than other ascorbic acid deriva-
tives (MIC = 1280 pg/ml ). Although further experiments
are needed to examine the drug kinetics and the stability of
zinc ascorbate, it is expected that the caleulating concen-
tration of zine ascorhate would be 2800 pg/mL when it is
applied on the skin (4 my'em?) as an external preparation.™
These results suggest a possibility that zine ascorbate {MIC
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Table 1

This table shows the tested concentrations of various ascorbic acid (Vitamin C) versions (derivatives)
to see how much was needed to reach the "minimum inhibitory concentrations (MIC)" - the minimum
amount of each ascorbic acid needed to noticeably inhibit bacterial growth.

Primary Results
- Zinc ascorbate needs half the amount to see the same amount of bacterial growth inhibition.

_ Zinc ascorbate is the most potent ascorbic acid of the four tested.

Table 2

This table of data shows the exact same thing as Table 1, but including a variety of drugs used against
acne by th Ives, then again in ination with zinc ascorbic acid/ascorbate (Vitamin C).

Primary Results
- Some drugs paired with zinc ascorbic acid are more effective, others are not.

inc ascorbic acid reduces the amount of anti-acne drug necessary to achieve
reductions in P. Acne bacteria growth.
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Table 3 Combined effect of zinc ascorbate and clindamycin against 37 strains of Fropioniboctenum acnes isolated from patients with
atre vulgaris

Drug MIC ranges (MIC,,) FIE
Alone Cambined Range Avarage
Clindamycin w32 0061 0631 [rn Addnine
=] i
Zirw wscortate 160540 BO-320
1840} (180)
mirmon v ingimb; FIC, fracnoral L= of srugs s of

P —

640 pg'mL) sufficiently inhibits the growth of £ gones in used to treat acne vulgaris.” Clindanmycin shows a similar
the concentration that is bower than the normal dose of ather  effect to macrolides and i the most popular topical antibacte-
ascorhic acid dervatives and zine. rial for acne vulgaris in Japan, However, clindamycin-resistant

Choi et al* reported that the antimicrobial mechanism 2 gemes strains have been increasing in Japan. ™ An increase
involves the capability of zine ions to inhibit is of  of istant 2 genes including macrolides and
microonganisms by oxidizing thiol groups in essential gly-  an epidemic of the multiple-drug-resistant £ gones can
colytic enzymes, therefore, the antimicrobial mechanism  be expected in the future. 11 35 reported that combination
of zine ascorbate may be similar to that of zine. However,  thesapy with antimicrobial agents and other agents such as

a combined effect of zine ascorbate and minocycline or  the external retinoids and benzoy] peroxide is effective in
levefloxacin was not proved, C) in, er i P ing the B of the antibiotic-resistant strains

d chloramphenicol inbi proted hesis of bacteria  of 7 acnes," " In the present study, it was found that zing
by binding to the 308 subunit of the bacterial ribosome.™ In - ascorban hited the growth of the clindamycin-resistant

«contrast, the binding sites of minocycline and levofloxacin 2 genes strains (MIC 640 pg/mL). In addition, although the

Table 3

The researchers are comparing the effectiveness of zinc ascorbate (Vitamin C) and an anti -acne drug
(Clindamycin) either alone or in combination, but they are not just showing the minimum amount needed
to begin seeing reductions in the acne bacteria, but also the concentration needed of each (in isolation or
together) to see 90% reduction in bacteria (in parentheses).

Primary Result
- There is less needed, in combination, than in isolation.

To reach 90% inhibition of bacteria, less of each (zinc ascorbate and clindamycin) is
needed, implying they have an additive effect.

are on the 308 subunit of the ribosome and on DNA topoi-
somerase 1V, respectively™ Thus, the difference in anti-
Bacterial mechanizm may be related wo the combined effect
of each of these. In addition, it is possible that minocycline
and Jevoflaxacin chelate with metal ions, including zine, ™

result

ments are needed wo clarify the mechanism of zine ascorhate
against £ acnes.

FIC of zinc pscorbate in combination with clindamycin was
umahle w0 be caleulated because the MIC of clindamyein
alone and in combination was =128 pg/mL (3/4 siraing),
it reduced the MIC of zinc ascorbate against all strains.
Maoreover, the FIC index of PAG strain with clindanmycin-

ing in reduced antimicrobial activity, Further experi- resistant B acres was (.75, exhibiting an additive effect

These results sirongly suggest that the combination of zine
ascorbate and clindamycin will be useful for preventing the

Macrolides arc used not only as antimicrobial agents but - emergence of clindamyein-resistant P acnes and for treating
als as anti-i v agents, and are th t acne vulgaris,
Table 4 Combaned effect of zinc ascorbare and antemicrobial sgents against four straing of i Propicnits
Isofared from patents with aone vulgaris
Strain MIC (FIC index)
[l AZn CLDM EM = AZnCLDM AZnEM AZnICP
PACOI & =128 =18 e V=128 =120 o
NCH [il=} iy
[ 40 =18 =128 1 Fa0v=128 Ja0=128 W1
NCH MCH n
PADD 40 =128 =18 I W= 128 160¢= 128 150005
fil=] [l=] 0.75)
FAD4 &40 L =18 I 1631 120v=128 160405
0.75) (L=} 0.75)
N N JiFIC. Ea, A Tpr—
EM, eryshrmycin; CF. chioramphenicol NC, sot cakubeed
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The results of this study provide novel evidence that zine
ascorbate inhibits the growth of £ acnes, and its concentration
(0.064%) is sufficicntly lower than the normal dosc (5%) of
other ascorbic acid denvatives. In addition, zine ascorbate
shows an additive antimicrobial effect in vitro in combina-

jon with ¢li i in, and

against cli i itive and/or cli i ist

P acnes, These findings may provide novel insights into
acne therapy. Recently, combination therapy with benzoyl
peroxide and clindamycin has become common worldwide.
Further experiments are needed to compare zine ascorbate
plus clindamycin and benzyol peroxide plus clindamycin,
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Table 4

The researchers are showing the minimum concentration needed to begin seeing reductions (minimum inhibitory
concentration - MIC) of each drug with and without zinc ascorbate (Vitamin C) on the four strains of antibiotic
resistant bacteria.

Primary Results:

- The drugs are presumed il at
drug.

- The same is true for zinc ascorbate.

- The drug concentrations are not reduced, except the CP condition, but the necessary zinc ascorbate
concentration is reduced in need to elicit the same effect, when investigated in combination.

except against strains PA004 for CLDM and CP

_. Zinc ascorbate is effective at inhibiting antibiotic resistant bacteria.
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