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Abstract

An in vitro method to evaluate the efficacy of antioxidants and
antioxidant formulations is presented. The premise of this research is
that exposure of human skin equivalents, specifically the commercially
availabie MatTek EP!-100 skin model, 10 uitraviolet B (UVB) irradia-
ton stimuiates the production of oxygen radicals in tissue, which, over
ume, will lead 1o an increased produciion of prostaglandins (PGE,).
The literature records that an increase in oxygen radicai production
leads £0 an increase in prostaglandin production.'*” The method pre-
sented measures two endpoints: conversion of (3-{4,5-dimethylthiazoi-
2-yl]-2,5 diphenolterrazolium) bromide (MTT) and PGE, production,
the marker for antioxidancy. Based on these resuits, it is possible to
rank order test agents and determine relative efficacy. This method
has proved to be a reproducibie and accurate method to assess dif-
ferences in efficacy among potential antioxidants.

i Introduction

Antioxidants have become a point of focus for the cosmetic and personal
care industries. Currentiy, few nonanimal antioxidant evaluation methods are
available. Presently available nonanimal models are not representative of skin
structure, Available methods include monolayer cell culture and chemical analysis

*Address reprint requests 10: Steven R. Rachui, M.S.. Director of Laboratory Services, Siephens &
Associates, Inc., 3310 Keller Springs Road, Suite 130, Carrollton, T 75006.
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of essential oil oxidation.*® While monolayer cell culture models are fair indicators
of antioxidant activity, they do not take into account the presence of a stratum
comeum. Antioxidants may show activity in monolayer and not on three-dimen-
sional constructs due to the fact that some materials may not be abie to penetrate
the stratum corneum. [n addition, monolayer cell cuiture requires diluting the
antioxidant into cuiture medium, which may alter the product’s efficacy. The
presented method allows dosing of neat test material. This protocol was devel-
oped to provide an animal alternative test method with a rapid, easy, reliable,
and cost-effective means of screening formulations and raw materials during
the development process to assess their efficacy against known standards or
competitive products.

Materials and Methods
Test Marerials

Thirteen materials were evaluated. These materials were mixed tocopfierois,
water-soluble licorice extract, quercetin, potassium giycyerrhinate, delta toco-
pherol, actiphyte of white grape, magnesium ascorbyl phosphate, green tea BG
extract, tomato extract, actiphyte of grapefruit, liposomal superoxide dismutase
(SOD), experimental formula A, and green tea AMT extract. All of the products
were supplied by the Shaklee Corporation (Hayward, CA). These materials were
included to evaluate known antioxidants (liposomal SOD, delta tocopherol, and
mixed tocopherol) as well as antioxidants of interest to the industry.

Tissue Systern and Assay Kits

The tissue system selected for this work was the MatTek Corporation’s
EpiDerm (EPI-100). This economicai and repeatable system consists of normal
human-derived epidermal keratinocytes that have been cuitured to form a multi-
layered, highly differentiated model of the human epidermis. Keratinocytes are
cultured on specially prepared permeable cell cuiture inserts that allow atiain-
ment of levels of differentiation on the cutting edge of in vitro skin technology.
In uitrastructural terms the EPI-100 closely parailels human skin, thus provid-
ing a useful in vitro substrate to assess dermal toxicity. This method is also appli-
cable to the Advanced Tissue Sciences’ model ZK1301 system wich appropriate
protocol modifications.

The PGE, assay was performed using a kit from Perseptive Diagnostics.
The media used to support cell viability during testing (spent media) were collected
after testing and diluted in enzyme immunoassay (EIA) phosphate buffer prior
to analysis in this kit. This was done 1o dilute the levels of PGE, within the range
of the kit standard curve. The resuits from the analysis were then corrected for
dilution.
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Solar Simuliator

A single-port solar simulator from the Solar Light Company was utilized
in this study. The UVB detector was used and the dosage of UVB measured in
minimum erythemogenic dose (MED)/h/cm?. This is a standard unit of measure
for this solar simulator’® and is equivalent to 21 mJ/cm?.

Cell Viability Measurements

Cell viability was measured using the MTT assay. The MTT assay is a col-
orimetric analysis of cell metabolic activity. Reduction of MTT by mitochondria
results in the formation of insoluble biue formazan crystals that are extracted
from the cells with isopropanol and quantitated spectrophotometricaily. The
intensity of the blue color is directly proportional to the metabolic activity of
the cells and inversely proportional to the toxicity of the test material.""

MTT Comparibiiity

A compatibility test was carried out prior to dosing the test materiai(s) in
the test system. An aliquot of each test material was mixed with an equal volume
of 1 mg/ml MTT solution, in a birosilicate giass test tube. Tubes were capped
and incubated in the dark at room temperature for approximately 3 h uniess
conversion occurred sooner. Evidence of a color change indicated that the test
material may spontaneously reduce MTT, resulting in a false reaction. If the
test material was not MTT-compatible, blank tissue holders were dosed (along
with the test system), rinsed, and residual MTT conversion determined vs. tissue
hoiders not treated with test material and exposed to MTT. Background readings
were subtracted from the respective test materials if any were observed. Test

. agents defta tocopherol and mixed tocopherol were found to be MTT-incom-

patible. The MTT conversion values of these agents were subtracted from the
conversion values of the tissue.

In Vitro Method

This method is suitable for antioxidants or antioxidant-containing formu-
fations. The PGE, endpoint is most reliable when noncytotoxic test agents are
used.

Cyroroxicity Evaluation

Prior to testing in the antioxidant method, test agents were screened for
cytotoxicity and their ability to stimulate PGE, release by themseives. Test agents
that stimulate PGE, production may show elevated levels of PGE, in the anti-
oxidant assay, which is not attributable to a lack of antioxidant efficacy.
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Tissues were transferred from the shipping containers t¢ individual wells
of six-well plates containing 0.9 mil assay medium per well. This assay medium
was supplied by the MatTek Corporation and was serum free. The tissues were
preincubated for 1 h at 37°C and 5% CO, to equilibrate the system after shipping.
This preincubation also allowed the removal of any PGE, accumulated in the
tissue during shipping. After this preincubation, the assay medium was aspir-
ated and replaced with 0.9 mi fresh 37°C assay medium. All testing was done in
tripiicate. The negative control was tissue dosed with 100 ul deionized water,
The positive control was tissue dosed with 100 ul 1% Triton X-100. The experi-
mental tissues used to judge cytotoxicity were dosed with 100 ul test agent. Once
dosed, tissue was placed into a 37°C and 5% COQ, incubator for 24 h. Individual
tissues were dosed at 30 s intervals. At the end of 24 h exposure, tissue was re-
moved from the incubator and rinsed free of test agent. Tissue viability was mea-
sured by placing the tissue into 300 xl 1 mg/ml MTT solution prepared in assay
medium for 3 h at 37°C and 5% CO,. The spent medium was collected for analy-
sis of PGE,. After 3 h incubation with MTT, tissue was rinsed and extracted in
2 ml isopropanol for at least 2 h. Once extracted, 200 ul extract from each well
was transferred to individual wells of a 96-well piate and absorbance determined
spectrophotometrically at 570 nm against a isopropanol blank. Tissue viability
was determined by dividing the average optical density from experimental or
positive control tissues by the average optical density of negative control tissues.
This number was then multiplied by 100 to arrive at the percentage viability of
experimental tissue compared to negative controls.

Antioxidanr Method

Tissues were transferred from the shipping containers to individual wells
of six-well plates containing 0.9 ml assay medium per well. This assay medium
was supplied by the MatTek Corporation and was serum free. The tissues were
preincubated for 1 h at 37°C and 5% CO, to equilibrate the system after shipping.
This preincubation also allowed the removal of any PGE, accumuiated in the
tissue during shipping. After this preincubation, the assay medium was aspir-
ated and replaced with 0.9 mi fresh 37°C assay medium. All testing was done in
triplicate. The chosen dosages of UVB irradiation in this assay were 1.5 and 3.0
MED/hr/cm?. The negative control tissues were those not dosed with test agent
and not irradiated with UVB. The positive control tissues were those not treated
with test agent but with UVB irradiation. Experimental tissues were those irra-
diated with UVB and then dosed with test agent. Dosing procegded by exposing
tissue to UVB irradiation using a solar simulator. Tissue was mounted onto a
24-well piate filled with 2% agarose and irradiated. The agarose helped to pre-
vent the tissue drying out during irradiation. In general, irradiation took approxi-
mately !-3 min (depending on dose) per tissue piece, [mmediately after irradiation,
the tissue was placed back into its respective well from the six-well plate and
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dosed with 100 ul test agent. Once dosed, the tissue was placed into a 37°C and
5% CO, incubator for 24 h. Tissues were timed individually. At theend of 24 h
exposure, tissue was removed from the incubator and rinsed free of test agent.
Tissue viability was measured by placing the tissue into 300 xl 1 mg/mi MTT
soiution prepared in assay medium for 3 h at 37°C and 5% CO,. The spent me-
dium was collected for analysis of PGE,. After 3 h incubation with MTT, tissue
was rinsed and extracted in 2 ml isopropanol for art least 2 h. Once extracted,
200 ul extract from each well was transferred to individual wells of a 96-well
piate and absorbance determined spectrophotometricaily at 570 nm against a
isopropanotl blank. Tissue viability was determined by dividing the average op-
tical density from experimental or positive control tissues by the average optical
density of negative controi tissues. This number was then muitiplied by 100 to
arrive at the percentage viability of experimental tissue compared to negative
controls,

Resuits

The endpoint for cytotoxicity in this assay was conversion of MTT. The
levels of PGE, produced in response to dosed test agents were also evaluated.
Prostaglandins are mediators of inflammation and are derived from arachidon-
ic acids taken from phospholipids in the cell membrane. These mediators are
responsibie for anaphylactic effects such as vasodilation, increased vascular
permeability, and hyperalgesia. The concentration of prostaglandins in tissue
correlates with inflammation-related effects such as erythema and edema.

Cyrotoxicity Screen

Mixed tocopherols and delta tocopherols were MTT incompatible and were
dosed onto blank tissue holders. The resulting conversion as a function of the
test materiais alone was high enough to reduce cell viability readings into the
negative range when subtracted from the tissue’s MTT conversion vaiues. A vis-
ual inspection of the tissue showed that the tissue had taken up and converted
the MTT indicating strong cell viability. All other test agents caused no signifi-
cant cytotoxicity in the cytotoxicity screen. The resuits for the cytotoxicity assays
are shown in Figure 1.

PGE, analysis showed low levels of prostaglandin production, in most cases,
in response to materials that were not cytotoxic. In the case of liposomal SOD,
green tea BG extract, actiphyte of grapefruit, magnesium ascorbyi phosphate, and
experimentai formula A, however, elevated levels of PGE, were noted but no
cytotoxicity was seen. This is not unexpected since PGE, release is an indicator
of inflammation and ceil stress but not necessarily cytotoxicity. A test materiai
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Figure 1. Cytotoxicity screen: MTT conversion.

may elicit an increase in PGE, production but may not be cytotoxic. The levels
of PGE, produced in tissue as a result of test material exposure are shown in
Figure 2.

Antioxidant Assay

Results indicate test materials possess a range of antioxidant activity.
The results of the MTT assay indicate that many of these materiais are able to
enhance the recovery of tissue after an insult with UVB irradiation. This is sup-
ported with statistical evidence showing differences between experimental tissue
and positive control tissue in some cases.

Viability measurements were done on tissue after exposure in the antioxidant
assay using the MTT assay. Although MTT is not an indicator of antioxidant
efficacy, it may be a marker useful in showing beneficial effects of test material
after UVB damage. If tissue treated with test material prior to UVB irradiation
shows greater viability than tissue treated with UVB irradiation only, the test
material may be implicated in reducing the effects of UVB injury. These MTT
¢onversion results are presented in Figure 3.

.
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Figure 2. Cytotoxicity screen: PGE production as a result of test material.
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Figure 3. Antioxidant method: Cytotoxicity of test material after UVB irradiation.
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Figure 4. Antioxidant method: PGE production after irradiating with UVB and dos-
ing with test material.

The PGE, assay, the endpoint for antioxidant activity, shows varying de-
grees of test material efficacy. At 1.5 MED/h/cm?, all test agents were able to
maintain PGE, production levels lower than those seen with the positive con-
trol. At 3.0 MED/h/cm?, however, the test agent experimental formula A was
unable to reduce the leveis of PGE, production below the positive control. The
results of the positive control tissue indicate that a dosage of 1.5 MED/h/cm? is
optimum in providing the most PGE, release in this tissue. The PGE, results for
the antioxidant assay are presented in Figure 4.

Conclusion

Cytotoxicity Screen

Because none of the test agents were cytotoxic or produced levels of PGE,
notably grearer than the background levels of negative control tissue, the results
of the antioxidant assay can be attributed to test product efficacy.

Antioxidant Assay

The controls included in this method responded as expected. The literature
records the fact that delta tocopherol is more efficacious than mixed tocopherol.

B et e gp—




DALLEN

. ®mLP |
I OKG

B2AG
T aGeT

WAL
; MREF
v UV

B and dos-

irying de-
're abie to
sitive con-
ula A was
atroil. The
v/h/cm?tis
results for

s of PGE,
the resulits

- literature
Jcopherol.

- R S RLA T o SN ER AR

il ironld 4 s o ey

MatTek ANTIOXIDANT SCREENING EFFICACY 245

This was noted in the results of this method. Furthermore, superoxide dismutase
is known to be an effective antioxidant. This was also noted using this method.
The experimental formulations all showed varying degrees of efficacy.

Discussion

While differences in test agents may be noted with this method, it is impor-
tant to consider the effects of the same products in vivo. This method is best
utilized as a screen for potential formulas or new antioxidants. It is important
to consider the correlation between different endpoints for a specific material.
Often, a material is capable of reducing PGE, production in response to test
agent and will aiso be able to enhance tissue viability compared to positive con-
irols in the MTT assay.

This method is limited by the requirement that test materials be noncyto-
toxic after 24 hr incubation. This is required since differences in PGE, produc-
tion in this assay are most easily seen after about 24 hours incubation.

It should be noted that the materiais in this method were dosed after UVB
irradiation. This is important since many antioxidant containing formulations
also contain sunscreens that would prevent the penetration of UVB into the tis-
sue. By dosing test material after irradiation, the problem of phototoxicity, as
seen with some materials, is avoided.

In many cases, cytotoxic compounds are also low or high pH materiais.
Cytotoxicity with these materiais may be reduced or eliminated by adjusting the
pH to near neutral. This adjustment often has no impact on antioxidant effi-
cacy and will allow materials such as alpha hydroxy acid compounds (o0 be easily
screened for antioxidant efficacy. Additional research is being conducted to over-
come this limitation. Methods are being developed to deal with products that
show cytotoxicity.

Statistical Analysis

Statistical analysis was done on the MTT and PGE, results from the anti-
oxidani assay. These results are reported in Tables 14,

The statistical analysis of MTT results, at both 1.5 and 3.0 MED/h/cm?,
was done to determine if increases in tissue viability in response to being dosed
with test materiat after a dose with UVB were statistically different from tissue
dosed with UVB only. These MTT results are presented in Tables | and 2.

Analysis of PGE, data, at both 1.5 and 3.0 MED/h/cm?®, was done 10 deter-
mine if differences between test materials were statistically significant. The PGE,
results are presented in Tabies J and 4.
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Differences were analyzed using the student’s t-test. Products are listed on
both the horizontal and vertical axis of Tables !-4. Each test material on the
vertical axis was compared to the remaining test materiais listed on the horizontal
axis and any statistically significant differences noted as described in the legend
of these tables.

References

1. P. M. Reilly and G. B. Bulkley, Tissue injury by free radicals and other toxic oxygen metab-
olites, Br. /. Surg. 77: 1324-1325, 1990.

2. J. C. Garcia-Valdecasas, E. Cugat, R. Almeriara, L. Grande, J. Angas, J. Fuster, and JI.
Visa, ischemia-reperfusion injury in an ischemic rat liver model: Relationship between oxy-
gen-derived free radicals and prostaglandins, Transplan:, Proc. 22(2): 523-526, 1990.

3. J. D. Morrow, 1. A. Awad, H. J. Boss, [. A. Blair, and J. L. Roberts, Noa-cyclooxygenase-
derived prostanoids (F,-isoprostanes) are formed in sitw on phosphoiipids, Proc. Vatl. Acad.
Sci. [JSA 89: 10721-10725, 1992.

4. P. H. S. Sporn, T. M. Marshai, and M. Peters-Golden, Differential dependence on protein
kinase C or arachidonic acid metabelism stimulated by hydrogen peroxide and by zymosan
in the alveolar macrophage, Biochim. Biophys. Acta 1047: 187-191, 1990.

5. V. C. Gavino, J. S. Miller, S. Q. lkharebha, G. E. Milo, and D. G. Cornwell, Effect of poly-
unsaturated farty acids and antioxidants on lipid peroxidation in tissue cultures, /. Lipid
Res. 22: 763-769, 1981.

6. S. Chakraborti, G. H. Gurthner, and J. R. Michael, Oxidani-mediated activation of phos-
pholipase A, in pulmonary endothelium, Am. J. Physiol. 257t 1.430~-L437, 1989.

7. D. Darr and I. Fridovich, Free radicals in cutaneous biology, /. /nvest. Dermarol, [02; 671~
675, 1994,

8. R. 3. Farag, A. Z. M. A. Badel, F. M. Hewedi, and G. 5. A. El Baroty, Antioxidant activity
of some spice essential oils on linoleic acid oxidation in aqueous media, JOACS 66(6): 792~
799, 1989,

9. R.S. Farag, A. Z. M. A. Badel, and G. 5. A. El Baroty, [nfluence of thyme and ciove essen-
tial oils on cottonseed oil oxidation, JAOCS 66/6): 300-804, 1989.

10. Conversion factor supplied by the Solar Light Company.

11. R. Osborne and M. A. Perkins, The Proctor & Gamble Company, Evaluation of human
skin cell cultures for in vitro skin irritancy testing, in /n Vitro Toxicology: Mechanisms and
New Technology, New York, Mary Ann Liebert, 1991, vol. 8, pp. 317-324.

12, J. Carmichael, W. G. Degraff, A. F. Gazdar, J. D. Minna, and J. B. Mitchell, Evaluation
of a tetrazolium-based semiautomated colorimetric assay: Assessment of chromosensitivity
testing, Cancer Res. 47: 936-542, 1987.

13. D. Trigiia, S. S. Braa, T. Donneiley, !. Kidd, and G. K. Haughton, Marrow Tech, Inc., A
three dimensional human dermal mode! substrate for i vitro toxicological studies, in [In
Vitro Toxicology: Mechanisms and New Technofogy, New York, Mary Ann Liebert, (991,
vol. 8, pp. 351-362,

[PEFPLL TRV




!
f

product safety evaluation with...

Editor

GERALD L. FISHER

Drug Safety and Metabolism
Wyeth-Ayerst Resgarch, CN 8000, Princeton,
New Jersay 08543-8000

eaturing full-length research
Fpapers, review artictes, and short

notes, this outstanding joumnal
presents the most up-to-date findings
on a broad range of topics related to the

safety evaluation of drugs, chemicals,
and medicai products.

Drug and Chemical Toxicology is

with the safety evaluation of drugs and
chemicals. Designed especiaily to
provide rapid communication, the vital
contributions to this important journal

mutagenesis, and carcinogenesis.
CALL FOR PAPERS

Drug and Chemical Toxicology
published in English, weicomes manu-

be published promptty. For complete

and submission, please contact the
Editor directly.

Get the latest research results in pharmaceutical and

An Intepnational Journgl

essential reading for ail those concerned

encompass animal toxicology, teratology,

script contributions. Those accepted will

details regarding manuscript preparation

MARCEL DEKKER, INC

{;g]j{, AND CHENICAL

TOXICO

1995 Volume 18, 4 Numbers
Institutional rate:  5450.00
Individual rate: 5225.00
[SSN: 0148—0545

To subscribe to Drug and Chemical
Toxicology or to receive a complimen-
tary copy, please contact the Promotion
Department at:

Marcel Dekker, Inc.
270 Madiscon Avenue
New York, N.Y. 10016
{212) 696-9000




