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Photostability Testing:  Shedding Light 
on a Not Well Understood Guideline

The subject of pharmaceutical 
photostability testing often raises 
many questions for several reasons. 
Predominantly governed by ICH 
Guideline Q1B for small molecules, or 
ICH Q5C for biotechnology products, 
the standards are not particularly well 
written and often cause confusion. 
Q1B, in particular, provides options 
to use two non-equivalent light 
sources and additional variants. The 
standard also mixes radiometric and 
photometric light measurements 
for the ultraviolet and visible light 
dosages. Following one of these 
options, which specifies the spectral 
power distribution of the light source, 
will require different exposures in 
order to conform to the guideline 
minimum requirements. This article 
will attempt to explain the guideline 
options available, and provide some 
practical guidance.

  ICH Q1B guideline “Photostabililty 
Testing of New Drug Substances and 
Products”1 was introduced in 1997 
and has provided necessary guidance 
to pharmaceutical applicants about 
the regulatory requirements for 
photostability testing. It has provided 
a valuable framework for harmonising 
global laboratory practice, and provides 
a sequential approach when identifying 
protective packaging requirements for 
photosensitive pharmaceutical products. 
It also contains a forced degradation 
provision to help validate stability 
indicating assays. Prior to the introduction 
of the guideline, photostability protocols 
varied considerably with regard to the 
types of photolysis sources and their 
spectral characteristics, specimen 
presentation, exposure duration, etc. 
Exposures often vary by several orders 
of magnitude, making comparative 
studies difficult. The adoption of Q1B set 
minimum requirements for test protocols 
and duration, and comprises one element 
of a larger set of environmental stability 
testing guidelines, and has been adopted 
by the majority of pharmaceutical 
producing country regulatory bodies.

   However, the Q1B document is not 
without its critics. At a high level it 
primarily pertains to the photostability of 
active pharmaceutical ingredients (API) 
and manufactured final pharmaceutical 
products (FPP) and does not address 
the photostability of a product under in-
use conditions. It also does not address 
specific photochemical characteristics 
or quantitatively determining rates 
of photochemical degradation. At a 
practical level the vagueness of the 
language, and the mixing of scientific and 
lay terms - which are either unfamiliar 
to the pharmaceutical laboratory or not 
used in photochemistry - to describe 
the radiation output can lead to 
misunderstanding. The implication is 
that the various photolysis source options 
are technically or effectively equivalent, 
which is not the case.

ICH Q1B Exposure Dose
The guideline sets required confirmatory 
testing minimum doses for the UV and 
visible light exposures. Note that these 
are dose minimums and not exposure 
endpoints, so “overexposure” is 
technically not possible. In fact, as the 
majority of photolability issues can be 
resolved with appropriate packaging, a 
common practice is to expose to 5-10X 
the ICH confirmatory minimums and first 
determine if there is a potential stability 
problem. If photolability is found, further 
studies may be implemented to identify 
the amount and rate of photodegradation.
     The developers of the guideline assumed 
that light exposure could occur anywhere 
during manufacturing, packaging, 
warehousing and distribution, or in a 
pharmacy or home setting. Light sources 
would most commonly be various types of 
fluorescent lamps, indirect sunlight filtered 
through window glass, or a combination. 
The product should be expected to 
withstand a minimum of:

•

•

•

The photolysis source provides the 
flux (optical power).

•

Irradiance is the total rate of energy 
(radiant flux, all wavelengths) 
incident upon a given surface area 
and commonly expressed in W/m².
Illuminance is analogous to irradiance 

•

•

Radiant flux is a radiometric 
unit of the total rate of emitted 
radiation from the source and is 
expressed in watts. 
Luminous flux is similar, except 
that it is a photometric unit of 
visible radiation only, as viewed by 
the spectral sensitivity of the human 
eye, and expressed in lumens.

º

º

but only for the visible region of 
the spectrum, and is expressed as 
lumens/m², or more commonly, lux.
Spectral irradiance is irradiance 
expressed at a specific wavelength 
or integrated over a range of 
wavelengths, (e.g., 320-400nm), 
usually expressed as W/m²•nm 
where the wavelength(s) is (are) 
specified.
Spectral Power Distribution (SPD) 
refers to a continuous plot of 
the wavelengths over a specified 
range versus the irradiance at each 
point, and is useful for visualising 
or comparing the source spectral 
output.
Dose is the measured irradiance or 
illuminance over time. For example, 
the Q1B 200 W•h/m² UV (320-
400nm) minimum dose would be 
achieved with a spectral irradiance of 
20 W/m²•320-400nm for 10 hours. 
Following Newton’s inverse-square 
law, this holds true for point sources 
or for specimens greater than five 
times distant than the diameter of 
the source.

Terminology of Photochemistry
To better understand photostability 
testing a brief guide to photochemistry 
terminology is useful:
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Three months of continuous 
exposure to visible light without 
protective packaging, as a 90-day 
supply could be transferred to a non-
protective package. This exposure 
was estimated to be at 500 lux (about 
normal office lighting) for 24h x 100 
days = 1.2 x 106 lux•h.
During this same time, indirect 
sunlight filtered through window 
glass was estimated at 200 W•h•m² 
(~320-400nm), roughly the equivalent 
of 1-2 days of windowsill exposure 
where the glass attenuates the lower 
wavelength UV.

•

•

In order to provide these conditions, 
while providing testing flexibility, the 
guideline provides for two laboratory 
testing options using different photolysis 
sources.

Option 1 and Option 2 Sources for 
Confirmatory Requirements
Option 1 sources may be xenon or metal 
halide arc discharge lamps that are 
appropriately filtered, or “full spectrum” 
fluorescent lamps providing both UV-A/
UV-B and visible energy to provide a 
D65 (outdoor daylight) or ID65 (behind 
glass indoor daylight) SPD. In practice, 
however, fluorescent lamps of this type 
are difficult to source and the UV content 
ratio in specific wavelength bands can 
vary. Likewise, metal halide lamps 
providing the proper spectra are also 
limited. Therefore, optically filtered long 
arc xenon lamps are predominantly used; 
they have a high-fidelity spectral match 
to D65 and ID65 sunlight and are the 
“gold standard” for simulating sunlight.

 As photon energy is inversely 
proportional to wavelength, the lower 
UV cut-on and higher low wavelength 
spectral irradiance of D65 compared to 
ID65 (Figure 1) can be significant in terms 
of photolytic effects. Although either 
SPD is permitted in Q1B for confirmatory 
studies, the results may be dissimilar. Note 
that the key point is that both UV and visible 
exposures are conducted simultaneously 
under one full spectrum source.

Figure 1. Comparison of xenon arc SPD for D65 and ID65 requirements.

•

• Exposing two sets of specimens 
simultaneously, removing the first set 
when the UV minimum is met, and 
the second when the visible exposure 
minimum is met. Of course both 
specimens receive the full spectrum, 
but for different dose minimums. 
ICH does not require that the UV 
and visible exposures be separated; 
in fact, using Option 1 they can’t be 
separated.

  Option 2 radiation sources attempt 
to mimic indoor (fluorescent) lighting 
conditions of a windowed room. This 
is provided by two separate fluorescent 
sources. The one for UVA emission is to 
have a spectral distribution from 320-
400nm with a maximum energy emission 
of 250-370nm, with a “significant” 
portion of the UV in both the bands 
320-260nm and 360-400nm. The term 
“significant” may lead to considerable 

variation between sources, however. The 
source for visible light is “cool white” 
fluorescent as specified in ISO 10977, 
although window light does contain 
visible wavelengths not found in cool 
white lamps. 
   These two fluorescent lamps may be 
used in combination or in sequential 
exposures. Depending on the 
manufacturer, however, there may be an 
emission gap between the two sources 

between 390 and 430nm. If this is the 
case it is important to verify that the API 
or drug substance does not absorb in this 
region to avoid an incorrect test result.
  A dichotomy exists in meeting the 
specified SPD and the exposure 
durations required to attain the minimum 
confirmatory requirements for UV and 
visible. For an Option 1 xenon source, 
the 200 W•h•m² (~320-400nm) dose 
corresponds to about 0.45 million lux•h 
of visible radiation. Therefore exposing 
to 1.2 million lux•h would result in 
exceeding the UV minimum by a factor 
of 2.5 to 3 times by using D65 or ID65 
sources respectively. 
     The “overexposure problem” can be 
avoided in one of two ways in Option 1:
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  Forced degradation, on the other 
hand, attempts to force the API or FPP 
to degrade by any means necessary. 
For photostability, performing testing to 
5-10X the confirmatory minimums often 
serves this purpose. Sometimes more 
extreme measures are required. This 
may include performing the more severe 
D65 rather than the low UV-filtered ID65 
source tests, or using other photolysis 
sources. The main purpose is to achieve 
some degradation, then to validate the 
ability of the stability-indicating assays, 
such as HPLC, to detect the change. 
  Due to minimum detection levels 
or interferences, a sufficient level of 
degradation products need be created to 
validate the assay method (5-15% API loss 
is often used). However, care must be 
taken when degradation is forced using 
wavelengths more damaging, such as 
UV-C germicidal lamps, as this may force 
degradation mechanisms that would not 
occur under normal conditions. 
  An important aspect of validating 
the assay method is the concept of 
mass balance, where a decrease in 
the API must be accompanied by a 
reasonable accounting for the mass 
of the degradation products. Loss of 
API without detecting degradants is of 
limited value. If using Option 2 or Option 
1/ID65 sources for confirmatory testing, 
switching to D65 is usually a reasonable 

Figure 2. Example of powders and tablets under Option 1 exposure.

Combine Option 1 and Option 2. 
Use an Option 1 source for the UV 
confirmatory minimum and Option 2 
cool white fluorescent for the visible.

•

Another possibility is to use appropriate 
UV cut-on and cut-off filters between the 
Option 1 source and the specimens to 
isolate the UV and visible exposure bands. 
While this may be possible for small 
individual specimens, it is not practical 
for the larger area of a typical exposure 
chamber. However, the use of sharp cut 
on or bandpass filters may be useful 
for determining the actinic wavelengths 
responsible for photodegradation.

Irradiance Levels, Exposure Time and 
Dose
Another aspect of Q1B is that the 
irradiance levels are not specified, only 
the radiant energy dose. However, high 
irradiance levels can alter the degradation 
response of the product if reciprocity 
is not obeyed. Fluorescent lamps can 
be operated over a relatively narrow 
power and irradiance range, although 
the number of lamps can be increased 
or the distance to specimen decreased to 
provide higher irradiance. 
   Xenon arc lamps can be operated 
over a wider power range, but the 
infrared heating effects become 
disproportionately larger. In general, 
Option 1 xenon sources are higher output 
and result in relatively short exposure 
times, often as short as 3-9h for the 
minimum confirmatory UV requirement, 
or 7.5-22h for the visible exposure, by 
varying the irradiance.

Forced Degradation Requirement
While the minimum confirmatory 
requirements for UV and visible 
exposure may seem confusing, the 
forced degradation requirement is more 
straightforward, though less defined. 
The Q1B guideline has a sequenced 
structure with a flowchart and qualified 
exit points. This leads the researcher 
through testing requirements first with 
the API and then, if needed, to the 
API with excipients through to product 
with packaging. The guideline also 
specifies retest requirements, such as a 
change in synthesis or plant. The result 
helps determine any protective packaging 
requirements to prevent photolability 
resulting in toxicity, loss of efficacy or physical 
changes such as dissolution or friability.

technique as direct sunlight exposure can 
occur in the real world.

Other Considerations for Testing
Option 1 sources generally provide more 
specimen heating effects than Option 
2, especially at higher irradiances. With 
both options, a “dark control” specimen 
(e.g., wrapped in aluminum foil) shielded 
from light is recommended during 
exposures. The guideline specifies “room 
temperature” testing, but in practice 
most chambers provide some specimen 
heating. The confounding effects of 
temperature (and, in some instances, 
humidity) can then be evaluated 
relative to the light-exposed specimens. 
Sometimes the higher near-infrared 
wavelengths present in xenon sources 
may cause “greenhouse effect” heating 
of sealed specimen containers, so some 
air exchange should be permitted. 
   The higher chamber cooling airflow 
requirements  of Option 1 sources 
may also be problematic when testing 
powders. Powders should be maintained 
at a controlled depth during exposure, 
covered with appropriate UV transmitting 
quartz, for example. This will allow 
uniform sampling of a degraded 
surface relative to the bulk material; 
some commercial powder testing 
apparatus are available for this 
purpose (Figure 2). 
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The spectral transmittance of any 
specimen container is an important factor, 
especially for the UV exposures. Many 
common glass vials and some plastic foils 
do not transmit low wavelength UV. 
Liquid specimens should usually be tested 
with as large an exposed surface area 
and short path length as is reasonable, 
like powders, to account for the Beer-
Lambert Law. FPPs should be tested in 
their final dosage form as well as in final 
packaging. Specimen containers should 
be positioned so as to avoid shading or 
reflective effects, and special care should 
be taken regarding container closures 
shielding the specimens.

Commercial Photostability Chambers
A number of testing chambers are 
commercially available. These vary 
in photolysis source, optional optical 
filtering, thermal and humidity control, 
irradiance control and geometry. 
Regardless of design, the user should 
be aware of spatial variations in spectral 
irradiation (and temperature) and 
verify through mapping studies; some 
chambers have considerable variability 
near the edges and corners. This may 
be accomplished with a radiometer or 
spectroradiometer with a positionable 
sensing head. 
   A calibrated luxmeter may be used 
for the visible range, but neither it nor 
a UV filter radiometer is suitable to 
obtain an absolute measurement of the 
irradiance, or to compare irradiance 
between sources. Various sources, while 
appearing continuous in output, may 
be driven by square or sine waves, or 
rapidly pulsed; unless calibrated for 
the specific light source, erroneous 
readings may result. One should always 
consult the source manufacturer for 
proper measurement and calibration 
techniques. Many chambers have an 
integral measurement or control system 
to provide the proper irradiance. The 
use of chemical actinometers, such as 
quinine hydrochloride, is problematic2 
and should probably be avoided, 
especially with Option 1 sources. 
   Some photostability exposure apparatus 
are equipped with active cooling to mitigate 
temperatures, a consideration when 
testing thermally labile compounds such as 
biotechnology products (Figure 3).

A Note on ICH Q5C
The primary difference between ICH Q1B for 

Figure 3. A commercial Option 1 photostability chamber with auxiliary cooling system for thermally 
labile specimens. 

small molecules and Q5C3 for biotechnology 
products such as peptides, proteins, 
monoclonal antibodies, etc., is the lack of a 
confirmatory minimum requirement. Many 
of these products are light-sensitive, such as 
protein disulfide bond linkages, which can 
lead to loss of conformation and bioactivity. 
In essence, only the forced degradation 
requirement, and subsequent stability assay 
verification, is required.
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its Q5C corollary, provide a reasonable 
structure for testing to ensure that potential 
pharmaceutical photostability issues are 
suitably managed.

Conclusion
The ICH Q1B guideline is the principal 
document governing photostability testing. It 
is, however, an imperfect one and can result 
in some confusion, especially regarding the 
choice of Options 1 or 2 light sources and 
their equivalence. Further, the measurement 
of irradiance and timing of exposures is often 
a source of confusion. Hopefully these, and 
others, will be addressed in future revisions. 
In the meanwhile, the Q1B guideline, and 
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