Photosafety Evaluation of Pharmaceuticals

5.1. Recommendations for Pharmaceuticals Given via Systemic Routes

5.1.1 Assessment of Phototoxicity Potential

If the substance does not have a MEC greater than 1000 L mol!cm™ (between 290 and
700 nm), no photosafety testing is recommended and no direct phototoxicity is anticipated
in humans. However, it should be noted that phototoxicity by indirect mechanisms (e.g.,
pseudoporphyria or porphyria), although rare, could still occur. For compounds with
MEC values of 1000 L mol* cm™ or higher, if the drug developer chooses to conduct a test
for photoreactivity a negative result could support a decision that no further photosafety
assessment is warranted (see Section 3.2). Otherwise, nonclinical and/or clinical
photosafety assessment of the substance should be conducted. Available data on the
phototoxicity of chemical class-related compounds should be evaluated as this could
inform on the approach to be taken.

5.1.2 Experimental Evaluation of Phototoxicity

In order to reduce the use of animals in accordance with the 3R principles, a validated in
vitro method should generally be considered before conducting animal testing (e.g., see
Directive 2010/63/EU). If the drug developer chooses an in vitro approach, the 3T3
NRU-PT is currently the most widely used assay and in many cases could be considered
as an initial test for phototoxicity. The high sensitivity of the 3T3 NRU-PT results in
good negative predictivity, and negative results are generally accepted as sufficient
evidence that a substance is not phototoxic. In such cases no further testing is
recommended and no direct phototoxicity is anticipated in humans.

In some situations (e.g., poorly soluble compounds) an initial assessment of phototoxicity
in an in vitro assay might not be appropriate. In this case, an assessment in animals or
in humans could be considered. Alternatively, if drug distribution data are available,
they could, on a case-by-case basis, support a decision that no further photosafety
assessment is warranted (see Section 2.2).

If an in vitro phototoxicity assay gives a positive result, a phototoxicity study in animals
could be conducted to assess whether the potential phototoxicity identified in vitro
correlates with a response in vivo. Alternatively, drug distribution data could, on a
case-by-case basis, support a position that the risk of phototoxicity in vivo is very low and
that no further photosafety assessment is warranted (see Section 2.2). As another
option, the photosafety risk could be assessed in the clinical setting, or managed by the
use of light-protective measures. A negative result in an appropriately conducted
phototoxicity study either in animals or humans supersedes a positive in vitro result. In
such cases no further testing is recommended and no direct phototoxicity is anticipated in
humans.

A positive result in an in vivo animal study can, in certain circumstances, be mitigated
using a NOAEL-based risk assessment, typically considering Cmax comparisons.
Otherwise, a clinical assessment is warranted. In all cases a robust clinical
phototoxicity assessment indicating no concern supersedes any positive nonclinical
results.

A positive result in an in vitro phototoxicity test would not be negated by a negative result
in a subsequently conducted chemical photoreactivity assay (e.g., a ROS assay).

In cases where an animal or clinical phototoxicity study has already been conducted,
there is no reason to subsequently conduct either a chemical photoreactivity or an in vitro
phototoxicity assay.
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5.2. Recommendations for Pharmaceuticals Given via Dermal Routes

5.2.1 Assessment of Phototoxicity Potential

If the active substance and excipients do not have MEC values greater than 1000 L mol*
cm’! (between 290 and 700 nm), no further photosafety testing is recommended and no
phototoxicity is anticipated in humans. For compounds with MEC values of 1000 L mol!
cm! or higher, negative photoreactivity test results (e.g., a ROS assay) can support a
decision that no further photosafety assessment is warranted (see Note 5 for exception).
If further assessment is warranted, available data on the phototoxicity of chemical class-
related compounds should be evaluated, as this could inform on the approach to be
taken.

Tissue distribution is not a consideration for the phototoxicity of dermal products.
Dermal products are administered directly to the skin and hence, unless they are applied
to areas not usually exposed to light, are assumed to be present in light-exposed tissues.

5.2.2 Experimental Evaluation of Phototoxicity and Photoallergy

The 3T3 NRU-PT can be used to assess individually the phototoxicity potential of the API
and any new excipient(s), provided that appropriate testing conditions can be achieved
(e.g., test concentrations not limited by poor solubility, relevant UVB dose can be
applied). In cases where no phototoxic component has been identified in vitro, the
overall phototoxicity potential of the clinical formulation can be regarded as low.

Some properties of the clinical formulation that could influence the potential phototoxic
response (e.g., penetration into skin, intracellular uptake) cannot be evaluated using the
3T3 NRU-PT alone. Therefore, confirmation of the overall negative result in an
evaluation using the clinical formulation and/or monitoring during clinical trials can still
be warranted.

Reconstructed human skin models can be used to assess the phototoxicity potential of
clinical formulations. Under adequate test conditions (see Section 3.3), a negative result
in a reconstructed human skin assay indicates that the direct phototoxicity potential of
the formulation can be regarded as low. In this case, generally no further phototoxicity
testing is recommended (see Note 5 for exception).

If an appropriate in vitro assay is not available, the initial test could be an in vivo
phototoxicity test on the clinical formulation. A negative result in an appropriately
conducted in vivo animal phototoxicity study would be sufficient evidence that the
formulation is not directly phototoxic and no further phototoxicity testing is
recommended (see Note 5 for exception). Alternatively, the phototoxicity potential can
be assessed in the clinical setting.

For dermal products where the API or any new excipient has a MEC value greater than
1000 L mol! em at any wavelength between 290 and 700 nm, a photoallergy assessment
is generally warranted in addition to phototoxicity testing. As the predictivity of
nonclinical photoallergy tests is unknown, this would typically be a clinical assessment
using the to-be-marketed formulation and conducted during Phase 3.

Photosafety evaluation of the clinical formulation delivered via dermal patches can follow
the above described principles for clinical dermal formulations. For transdermal
patches, the principles for both dermal and systemic drugs should be applied. In
addition, the intended clinical use (e.g., skin area recommended for use, duration of
application) and the properties of the patch matrix (e.g., being opaque to UV and visible
light) should be considered for the overall risk assessment.
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6. ENDNOTES

Note 1 For compounds that absorb at relevant wavelengths, have a MEC value greater

than 1000 L mol?! cm?, and are given via ocular routes (e.g., eye drops,
intraocular injections), an evaluation of the phototoxicity potential should be
undertaken in accordance with the general principles of phototoxicity
assessment. Biodistribution of drug in the eye, and optical properties of the eye
should also be considered. Any available information on the compound or
chemical class-related compounds should be considered in the overall
assessment.

Compounds that only absorb light at wavelengths below 400 nm and are to be
administered as intraocular injections behind the lens (e.g., in the vitreous) are
of low concern for retinal phototoxicity, as only light of wavelengths greater than
400 nm reaches the back of the adult eye. However, the lens in children of less
than approximately 10 years of age is not completely protective against
wavelengths below 400 nm.

Note 2 Testing for photogenotoxicity is not recommended as a part of the standard

Note 3

Note 4

photosafety testing program. In the past, some regional guidelines (e.g.,
CPMP/SWP/398/01) have recommended that photogenotoxicity testing be
conducted, preferentially using a photoclastogenicity assay (chromosomal
aberration or micronucleus test) in mammalian cells in vitro. However,
experience with these models since the CPMP/SWP guideline was issued has
indicated that these tests are substantially oversensitive and even incidences of
pseudo-photoclastogenicity have been reported (Ref. 8). Furthermore, the
interpretation of photogenotoxicity data regarding its meaning for clinically
relevant enhancement of UV-mediated skin cancer is unclear.

Standardized conditions for determination of the MECs are critical. Selection
of an adequate solvent is driven by both analytical requirements (e.g., dissolving
power, UV-visible light transparency) and physiological relevance (e.g., pH 7.4-
buffered aqueous conditions). Methanol is recommended as a preferred
solvent and was used to support the MEC threshold of 1000 L mol ! cm™ (Ref. 3).
When measuring UV-visible light spectra, potential limitations (e.g., artifacts
due to high concentrations or low solubility, including slow precipitation) should
be considered. If the chromophore of the molecule appears to be pH-sensitive
(e.g., phenolic structure, aromatic amines, carboxylic acids, etc.) an additional
spectrum obtained under aqueous, pH 7.4-buffered conditions, could add
valuable information regarding differences in the shape of the absorption
spectrum and in the MECs. If significant differences are seen between
measurements obtained in methanol versus pH-adjusted conditions, the MEC
threshold of 1000 L mol! cm™ cannot be used to obviate further photosafety
assessment.

A survey of pharmaceutical companies indicated that the 3T3 NRU-PT, as
described in Organisation for Economic Co-operation and Development, Test
Guideline (OECD TG) 432, generates a high percentage of positive results
(approximately 50%), the majority of which do not correlate with phototoxicity
responses in animals or humans (Ref. 9). Following a retrospective review of
data for pharmaceuticals, a reduction of the maximum test concentration from
1000 to 100 pg/mL appears justified (Ref. 10). Compounds without any
significant cytotoxicity (under irradiation) up to this limit can be considered as
being devoid of relevant phototoxicity. In addition, the category named
“probable phototoxicity” per OECD TG 432 (i.e., Photo Irritation Factor (PIF)
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values between 2 and 5 or Mean Photo Effect (MPE) values between 0.10 and
0.15) is of questionable toxicological relevance for systemic drugs. Compounds
in this category generally do not warrant further photosafety evaluations. For
compounds with a PIF value between 2 and 5, and for which it is not possible to
determine an ICso in the absence of irradiation, it i1s important to check that the

compound is not classified as positive using the MPE calculation, i.e., that the
MPE is less than 0.15.

Systemic drugs that are positive in the 3T3 NRU-PT only at in vitro
concentrations that are many times higher than drug concentrations likely to be
achieved in light-exposed tissues in humans, can, on a case-by-case basis, and in
consultation with regulatory authorities, be considered to be ‘low risk’ for
phototoxicity in humans , without follow-up in vivo testing.

Note 5 In the United States, for products applied dermally, a dedicated clinical trial for
phototoxicity (photoirritation) on the to-be-marketed formulation (API plus all
excipients) can be warranted in support of product approval.
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7. GLOSSARY

3T3 NRU-PT:
In vitro 3T3 Neutral Red Uptake Phototoxicity Test.

Assessment:

In the context of this document, an assessment 1s an evaluation of all available
information and does not always mean an additional test is conducted.

Chromophore:

The substructure of a molecule that absorbs visible or ultraviolet light.

Dermal Drugs:
Products applied topically to the skin.

Direct Phototoxicity:
Phototoxicity induced by absorption of light by the drug or excipient.

Indirect Phototoxicity:

Phototoxicity due to cellular, biochemical or physiological alterations caused by the drug
or excipient, but not related to photochemical reactivity of the drug or excipient (e.g.,
perturbation of heme homeostasis).

Irradiance:

The intensity of UV or visible light incident on a surface, measured in W/m? or mW/cm?2,

Irradiation:

The process by which an object/subject is exposed to UV or visible radiation.

MEC:

Molar Extinction Coefficient (also called molar absorptivity) reflects the efficiency with
which a molecule can absorb a photon at a particular wavelength (typically expressed as
L mol! em™) and is influenced by several factors, such as solvent.

MPE:

The Mean Photo Effect is calculated for results of the 3T3 NRU-PT. The MPE is based
on comparison of the complete concentration response curves (see OECD TG 432).
NOAEL:

No Observed Adverse Effect Level.

OECD TG:

Organisation for Economic Co-operation and Development, Test Guideline.
Outpatient Study:

A clinical study in which patients are not restricted to a clinical site.
Photoproducts:

New compounds/structures formed as a result of a photochemical reaction.

Photoreactivity:

The property of chemicals to react with another molecule as a consequence of absorption
of photons.

PIF:

Photo Irritation Factor is calculated for results of the 3T3 NRU-PT by comparing the ICso
values obtained with and without irradiation.
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ROS:

Reactive Oxygen Species, including superoxide anion and singlet oxygen.
Systemic drugs:

Products administered by a route that is intended to produce systemic exposure.
UVA:

Ultraviolet light A (wavelengths between 320 and 400 nm).

UVB:

Ultraviolet light B (wavelengths between 280 and 320 nm; as a part of sunlight
wavelengths between 290 and 320 nm).

14
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L, BOBETRIR) 28LTC0AZETHD, RERL, BHEEREOES, BE S
SRARY, v =X Eﬂiﬁi’%ﬁ@%z}’bfoﬁb\ﬂE’C%é BAER] FH FTRE 72 FERR R B BRI 1 X in
vitro¥s X Win vivo 2, EITEEREERZRET O LICEREZEBEN TN HD
THY ., BRI, BT LLEZFOEFINETE D LIEHREL 22,

PRI SR DI, in vitrods K Qin vivolERIEO W TIUCB W THLEETH D, xRN
L%Ha% ENTWBRGHIL, FEFICEBIENANRT MLEBHLTND, LLERG,
KGEIZ, BfgICERZ SN b O TR, BE, Fm. =6, K2, RER SOk~
7RERIZ J:Ofwfbl/?%é LK EICRT 5 hOEBORZMESL, EaxRhE
(7 & 203, AR AT, BEIZERERAL, BEETOEAW) k- TELLES,
BEYERY 72 KIGTE D R RFIZ DOV T, ka2 eI B W TERINTE L, V—7F
=R 2 =X ONREOBEINEE T T 272 0I121%, £D L5 RIEERE (& 20F
CHRE) T RETH D | BE L BEEZ2BE A7 ML OUVARERIZ ROV T
LT RETH 5, BATDin vitrod L Oin vivoD HEmMERERE T, UVAT5~20 J/em?
DOEFHORFENA LN TN D, ;@mM%%a . BOBRMIZ, IRFFHIS O
P oS CEHORBINEBI 2T G5 ICHY T 5, @F., & hTiX, UVBTAL
6Bﬁ‘ﬁﬁ)ﬁf‘ﬂii‘O/i\leiéﬁfoﬁféﬁﬁ%fiﬁﬁwﬁéi’b’(b\éo LinL7en s, FEEKRE
MRBRVETIE, UVBRHNEIZEL > TRIEOBREENFHIBEN 5 & Th<, RERIED
EZ T T+ 2 UVARK & CTORBREIT O 12012 RIS T 4 V2 —Z )T
E):MCJ:‘O) UVBEA#EA O S®52 bbb 5, b MEEICBITAUVBOIREIIFRZ

WBRE S LA D3t L, UVAIZEMME P oMKz E CRET S, v zil, &8
BHSHDEELICBWTIE, UVAICEERUVBIZ & 2 AR 2R &AL S R LR E
TRWEEZ LN TWD, LLRRL, KIRELZT HMEMICER SN 5 RETEH
RANOHZAEITIT, UVBRIIZLEBET ILERD D,

W2 YEIR (AT Moofi, BE, BLOBKNE) OBREE=X2) 7 BIO
AND FNEIZ DWW T BB TEICHBIZFEE S L TW R IT U2 & 700 (1, 3CHEk6)

3.2 ﬁﬁﬁ%ﬁ@%%ﬁ%%ﬁﬁ&ﬂ%ﬁ%

= 3R 5L BA S D Y PUSE R O Fo b 23R L2558 10iE. RBREORENEYITH 5
;k%E%m%ﬁ%T@&f%ﬁ%f%éo%@i?ﬁﬁ%&@ DM, o & ZIEX
R 7 IZREHEH SN TWD ROS T vEA THDH, T—Fnbix, ZORBRIEIL in vive 128
FABEBEMEEEYE A T RT A ECORENENZ ERRENT NS, L,

BB R OEIE S m:&ﬂ CEREEITEV, 200 oM ORBREE T, EERE
HFCTEREINTZHE., ZORBRIETOREERIIEEEOBRENIEFITERNZ L &
%#ﬁ\%@%%m(gwﬁgf%of%)Em%ﬁﬁ%%ﬁﬁ&%?ﬁ&%zéo

3.3 Invitro FGEEE/H 1 EHFEMF G

(L2 DB MEFRAE L T T 5729010, %< D in vitro BRERIENSER SN T X7,
TS ORBRIED L. EELOEMCANDEDORIENDITHON TR, &5
HBRE LGB (L A Y A BEERICEM L CHVIRBIETH Y . 20 kD B2 HFEOEK
VeI A ) DYVRIEVEICARTET B4, W P O BRSO WRINY) DA T 5 = & A
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20, TOMIZ, MRE~NEEEHA A LIARELDHY . Zhbld, BFkGEE2E
L7z Bk & U CORMEIZEEI TH A 9,

EHILSHANBINTWSDin vitroDHEBERERIEIZ3T3=2— b7/ by REUD AR
=R (BTSNRUPT) THY ., ZIUCEEL TFEEHTH0ECDA A K7 A > (GU#k6)
NdD, ZOFET, KEEWEICE L TRED - & b Rin vitroA 7 U —=7
FETHAHIEEBEZONT VD,

ZORBIEICE L CECVAMO E L= ERDONY F— g U TIEEVEE (93%) &
EWRRRE (84%) RSN, BEMRIIBRBOICKEEIZOVWTIVERNED L
ZZ2TWb, OECDHA R7 A4 03, FICEELICE L THRES N2 O TR, EHK
S OOARWEF B Z LT A 72 0121d, OECDA A RTA &2 —EhZET 5 Z L IRE X
NTW5E (F4xsRoZ L)  BEINZIN60mER., EELOFEE & L CEd)
Th b, 3T3 NRU PTOREEILE < . = OREE CRMERENE LA O
TIEe FTORFBHEAE L ABENIEFITENEEZ BN D, Lo LA 5, 3T3 NRU PT
THERE RIS O NHEIL, BRI NAEEEZ LT LOARET 55D TRV, B
B 2 B BT REHEELEZHRETH D,

BALB/c 3T3fifRiZUVBIZ L A HEEEZZITOT W, SERFICH 72 > TiE320 nmLA T
DIEWRERT D7 4 NVF—OFERAPNYHER ST OIk6) o Ll s,
WHNBHIRE 7 4 V2 —%2RWUNCERET 5 Z L2 L > T, UVBKUVAD L3R 2 G
L. UVBIZ LA N0 EZFREE T A EMNTE 5, UVBIXIFEAERK LD T
WWEREIFELRWZ &G, UVBIZL A2 BMHIZEEMA SN AEERMIZBNTIFEAL
RIE S 72 D70, L LB, UVBIZ X 236w hid. BEmdEH S 2850 BB L
TK %, UVBOHE 2 F 2T 5 FETEAE] Tin vitroDFHIT 2 L EE & 4 5358114,
W LT-BES: (RELsMR) T3T3 NRU PT#EMLTH BV, H5WE, UVBIif
MO LD BWin vitroDEZEET L ZRAWVTH RV,

AERBEZAT L FEEOEBEETT Ve AT, K3 b B R IR RANCE
5FETOMRLIRRFTEAMEORBRNFREL 0D, BHEEL PREEZHNTINET
(CBRSE SN REBREIE. REOFECL VY MEOLFEELZRET LD THD, TOX
O RBRBRIETIE, B MEBICHT 2BRMORMNEEYE LR T2 Z LN TH
5EEZLND, LrL, invivoDt hEE LY SESMEMELS . BIERIGZ AL D&%
BEHEPEVRRIELDH D, Lo T, AT LIHARIEORELZHERBEL, LY EkR
FEDRF O LA R OIER 72 £ 240 O RERRBRIEO R 2 HERE T D
ZLNEETHD,

BEREIC L DT, RSB 2@t 2 FRaICFHE T E Sin vitro® 7 WITHFE L 72
VY, 3T3 NRU PT°t EEFHEELARRIE CRIEERP GO E, VAT BMENZ &
B TEDLNS LW, IROEFEMHITHT 5 2 b ORBIED FRIMEIZRAT
D,
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3.4 D2EEHED In vivo LA
eHEAEOEEERBRIL., EALEY M, UR Ty NMEORL REWFETEG S
NTW5, BEEARFRERT VA IS STV RN, LUTFICR R A EE 2 B S
TEREOFEELTHERLTLELIX AR,

R OEIRICH 7= > Tid, BEHIRHT ARZM (/I E) | 2Usskh-d 2 280,
RRYEICBITAMEEEBE T RETHD, FEBIOTAE ) OWTHOEYET
B RARRETH S, KBEHOBRHOZDIZIL, 7LE ) OIFH> BNEAEN LD b IK
SHENEVMER A B D03, EEERIC 2 RBENITARWEES, AT =12F LL
AT HAPI (F22HAZZ2ROZ L) IR L THABHMOERZZEEBITRETH D,

In vivoDFEFMRERE Ehi T 258120, RRE T VA 75802, (LAY Oy E)kE
FHTO T 7 A MIETAEREETEBS I ERNLEE LY, T, B ~D R %
TraxTUTIZ THESEIZATVY, BT D ERRIEE IS L CEtl sk 2 8RR t& 5 &
T BIDTH D, BET LEYENEENT — X 2 AT L TWARWESIZIL, in
vivotFwmHERBRO—R L L TNET RETH 5,

Yewm L, @BE . AMRIRTH A, in vivoDRERIEDORERIABIC OWTERICE 2 5
RETH D, KICEEINHEBICB T 2RERGZOILEMOERIL, KBS
RIS HHREERD 5, RIS, ERGEZEOXERS S, BEOEREICL Y tE
MRS EZERIELAEBERNH D, —KIZ, AR THIVIER THW LD EE&E
D RBROBREGEHEIZIEH 2 WIEHBERETLT 5D THoTH D, 5 (Tmax
FHET) ORBEFIZOWTIE, BHEHADVITERREERO VT EZER L TH LV,

4 B A SO IEFRER in vivo eFEMERBRICB T 2/ 5828/ INTH8IZZ, B hTDY
AT THAALNIBETHLOETRETHD, ZNOLORBRIZBIT 2 REEGEIL,
ICH M3(R2) A FT7A4 V8 1.5 HIIRSN TV D —REERBR CHIEI NI B E
DREWCHE L THRET DI LREINEEZD, BAKREEIZBWTEEZRENSE O
LA, BE., KMHETORSIMLETRY, LR, BEERATFRIESND
BEIT. BINBABHEZRET DI EICEYD ., Chex DHEZEE LD, EEMEEIZ
DSV RITEARA L NEITH T ENFREL 70 b, WEL AR X OFER S & 5.8
DOFRTEIZED ALEDICEE L AEFEEEZHEL, BRHICLOTHEEINLIAEEFS
CEHENCEIVFEINIAERSREZBNTH I ENTE D, B CHREFARERERE
HREENERBEZEELY TRILZ2HEIT. BEEREIEONTELTH, E hTOU X
7 & TRIT 5 L CEBREICEMNE S,

WE . HHRERNEOHERBEORMIIBNT, (bLEMcLvEFEEINDI Lo b
LB e E O EIL, AL FORICRATIRETH D, KIGOEEIT, b
AL B BFREER D D, EEERICHER SNEHER. ZREIC>EH
BB L OEEREEOFM 24TV, AEETHNIT., ESHEARETRETH D, B
M= RARA v b (EEOIRIE~—T—, BEOREMEZRET 5 U R EiD
FInz ) ERETHIEIWCED, "= FORFENAREIZR DD LIV,

400 nmIBDOIEEWINT A2 EARICE L T, B CHEBERRAZIT O B4 10, 8
DONFMEIL. PEMZDREALRR FA0RE 2 AV TRETT & TH 5, 400 nmRiHDIE L
DRI L72WMEEMICR LT, 2D X5 oA, Kl L O AR ToER
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337

338
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NRBEFTHY . IRAOHEBEICERE LW &b, MBI 25 e mEEnE L
L72uY,

In vivodtFMERERIT. ERCHRIES L TWARW= 0, EFELL 25 o 2 72 B Y
g%%%é EIZEY, WUNCHERTELZ LE2RTREND S, REBIEOREUINEL
NTBHEDITIE, B MIBWTHEEEZRL, %E%ﬁOtheﬁﬂﬁ TR L OEE R B
rﬁl%iﬁéfb/\%%a&D’C*ﬁuﬁ’é‘“%“(@é MBI R DR R E & L

TiE, AIfREEIE (400 nmiB) ([CRINE AT 5 ORHRIN D, H Din vivokBriE
75>IEJCL*9§;JE§2%675> BHDWNE—IRIZZ T AN B, BRI CHES. ST
DAL, KRB iéﬁﬁréﬁ%¢@gmﬂa#4ﬁﬂ%%z%& L7220,

i%Lm%:owfmt?vwﬁwﬁ&i%%éMﬁw LHEAHBOE MBI
KT VAR —FUNMIENTH Y, &H#EAKICET 2 IEERIET L —3ERyE I
SEFLTWRUY,

3.5 FEEEHED in vivo ELLHEFE
EFE ORI, AERHIE, BESERE, 255 LM OB AICHTE SN
HNEN, BEREOHEICBNTHHEAIND, &&@%%T . HRRIZ ER R Y
%%%wtﬁ%%ﬁ5N%T%é FIEEZRFR Y | %méﬂé%ﬁ&%x#%%%fé
REIN ~O BRI E%, BEORBIITORETHY, BENORKFE TOME
i%ﬁ@% WCESWTIRETR&ETH D, SFEEOIEZ, @Yoy RARA > b
%6wfﬂﬁ¢~%fké(zmﬁ%%%® £) o RERIEOREIZOWTIE, @
G2 E # AV TRTRETH 5, BREBEAEOIEFEERBRICBNT, &2
A 72 SR FE ORI — AR A LB 220,

REHRGEOERLOSRE, HMET LAX—IC oW TIAMLESE CBlligE) &3t
W2, FERRERRBRCRME SN TCE 72, L L, 20 L) RRBREOERXSZNT T — 3
Vﬁﬁbﬂfﬁ@wo:m%@%&fﬁﬁéM5%ﬁ%ﬂﬁﬁtFK%%%?%&%
Z BB, h%@t7vw% W LT, b ORBROFHMEITIREATH D, &
YERFEAAGREEE D - DIZ1T., FERRARE T UL —RBR S — KA HEIE S v,

4. FERIZBT B LM

E R TOT—XINENNLE L INDHEEICIE. BEERRBR COEEN A ERFEZHRE )
5. RELEMICEREZ R TERRRICDTZ 22 OA T v a UINTFET B, 557
FIEZZDWTCIE 7 — AN I — A TIREEIND,

5. Al FIE

W2 BVERHI O 7O BT, EERIBERE I EahTw5d, ICHM3R2) VA K74
VI, AR COBRRERIZESL B SEFEME B L OSE N /LR I D
< HFHOWMHEMMZIT ) L 9BEL TWD, UV~AENEE ORI AT b L DFE
X, THEITZIES ORI B ZIT O BER R BRIEELHDHZ Ehb,
RO FEE L THRE SN D, é% 2. B h~D Y A7 B I OBEINIERERD M
PEIZBE L TE LIS DIFEREE I TZOITE, HKEBLOCIR~OSHEFEHMLTH &
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361

VW, EOH%, B BIE, HEEOERIFHME (n vitro, in vivoikBRH D O IEEER A 72
) AZBOWERE ~DIRE (FEMHERR) ZIT58NTOI XETh D,
UM S EOMEZ T, KL, KA N7 A 2 ORI THEER S =T 7
BEIZESL, B FEEZ T LT ATH D, FEDIRIIZEBWT, 3D —ERITE
BETHY ., ITHOMLERRNEELH D,

| ARS—abins
i BUY AR
TR D AANSR I
| (290700 nm)

i v
| EEEAE
| EEm

o invitro
| REERG

L

S EREE = i vivo = dnvitrd®

ERCBHAEEBELMHIEOHO
BEWAURSEMMEBEERETS

51 S2EEHEIZHEINISFMFE
51.1 REMERT T ¥ LOFHE

ZFDWE D MEC 7 1000 L mol™ em™ (290-700 nm) % #8272 WEA . e MRR O
EIITHEREI NS, b MIBWTEBEMAEERIIBRE L2V D EEx b5, L
LARG, ENTIEH I, MEMA =L 2085, (BARLT U JERR
T 4 D ETR E) R E DAREENHEBR TE VW LICEBRTRETHDH, MEC Y
1000 L mol™ em™ L ETH 264 L Tld. EFIBAFEE D6 RS ER 0O E i & %
R 2546, BEBRICE > TENU ORI Z RNE &3 54l 52 ZFT 5
TEMNTED (B 32 EHEZEOZL) . FRLUSOHEEILIT, & OWE OIEREK/EE
PRtz MRl &2 EfE T & TH D, LFHNHEEEET G ONEMEICEE LT
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391
392

393
394

395

396
397
398

399
400

AFEFRERLT—ZIZONWTIE, MAREX T Y u—FIcETAEERF 2 nbEN5
AEEENRH D DT, FHET & TH 5,

5.1.2  teEMEOEBRAFN

SROBEHNCHE > TEMWOFERZ O 37201, EMiRBRE4T 2 Bilc, — XA IIMEE
Shizin vitroDFHIEZ ZETXE Th 5D (72 & 2 ¥ Directive 2010/63/EUZ S D =
L) . ERIBRRENin vitroDT 7 ua—F ZIRIRT 54, BIEEO L Z A, 3T3 NRU PT
DEOLGESANONTVWOIREBRIETHY . 2 O%HA, BRYIOLHEERRE L TEE
Snb, BEEOEWIT3 NRU PTIIRMERE RO THREICENTWD Z Enh, BHERER
XE DALEMITITER RN T LT e L T—RICZIT ARG TWD, =
DA, SO HRBOEMITISLER, B PAOEENZRAEFEEITIREALRZNEO
EEZBNB,

WS OMDERMET (72 & ZITHKEHELEY) Tk, XEEOYERME & L Tin vitro
ORBIEZ AW ONRBEETRWEERH L, ZOHEITIL, B E~iZe hE2AW
FRHMER BRSNS, HDHWIE, BEODHT —Z BAFTE HEAITIE, 7 —AN
AT—=ATHDLHHLOD, TN EONXZEMMMEARE LT ¥ A2 IR 52 &0
T3 (F22E2ZROZ L) |

In vitro®D N EFMEFHIEIC THMRE R P E L NTEEE. invitro TR S =B EDIin
vivolZ BT B Sty & OEEME 234 2 72O B s AW = m iR 2 EiEd 5 =
EMFRETH D, HOHWIE, HEEDOZAART — XLV, invivoll BT D NEHEDO U 2
DIEF AR EHIE S AEEICIE, FNLL LD 2N 2 A2 &9 2 |k &2 =
FFTAZ tnT&Es (GF2EESROI &) , T, BIOSERE L LT, ety
AT HRERIZBWCEHMI L7=20 . XEFEZFIH L TEET LI L LAETH D,
WENCERE SN BH SV MNORT DT HERER ORI, in vitroDBE
RIDBELEIND, TOXOREE. S RBRERITILER, B MIBW
THEHEAEFEEIIEEA L2V EE L NG, BRBRICBWTEHEER/RIE L
77HETH, CouaxDHEEZEZR L BBEEHEIZE SV AZFIIZEY, & N COHER:
BN EENBIRT BNV cE s bbb, TRUSNOEEITIE,
RFHEAMLE L SLD, WITNOHBEIZTEW TS, mENCEM S 72 BER = n
TRBENR 2N ERRENTZGET. R TOBEER LY bESL SIS, Invitro
DOFFEMERERI BT DGERERIL, £ O%IbFERRESHRER (ROST vEA 72 L)
TREMEEREEZE-E L THEINR,

B & AWIOEEERR D 2 WIZIRAR I EERBR ST TICE R SN TV 5EEIE. €
DAL FRPERUGHERBR & 5 VM Tin vitro MR BR 2 Ehi 9 5 LB 720,

5.2 REFEEHEIZHERE X BT FH

521 HBEBHERT U LOFHM

B E L OVIFIOMECA31000 L molt em! (290-700 nm) ##Bx WAL, &
575N ZEMRBOEMRPHIEINT, & MIBWTEEENBE LW D L%
Z 65, MEC231000 L mol! e Ll EDLEMIZ W TS, e ER (ROST v
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