So luge vé thir nghiém sy an-dinh
cua duoc-phdm

T6 Pong
Tom luwge

Tinh an-dinh cua mot duoc- pham, nhét 14 nhimg thuéc méi thudc loai
sinh-k§-thuat, 14 mot van dé vo cung quan trong. Nhimg thir nghiém vé
su an-dinh cho ta biét pham-chét cta thudc trong thoi gian con hi¢u- luc,
nghia 13 lac thube con dung du:oc Néu thoi gian nay qua ngan thi VleC
xtr dung trd thanh kho khin va tén kém, vi sy bao-ché, klem dinh, ton
trit, phan phdi thudc t6i tay bénh nhan thudng phai mat rat nhiéu thoi
gid. Duoc-pham khi bi thoai hoéa hay hu hao trong khi ton trir khong
dugc sinh ra nhimg chat phu hay phé san doc hai cho ngudi tiéu thu.
Mbi duoc phém thuong & mot truong hop ca biét. Hoat-chét cta duoc-
phém cd thé 13 mot hoa-chat, mot chat sinh-hoc, hay mot chét tric-
nghiém. Khi hoat-chat con lai it hon 90% phan luong da khai béo va ghi
trén nhén, thi thude coi nhu d3 ddo han va hét hiéu-luc. Tim kiém duoc
mot cong-thirc dé an-dinh dugc-pham, nghia 13 1am ting thoi gian hiéu-
luc, 1a mot nhiém vu chung cua cac khoa hoc gia trong ban khdo-
ctru/phat-trién cac phuong-thirc bao-ché. Bai nay tom lugc dai cuong
nhimg nguyén-ly, cach thuc hanh, cung mot so chi dan cta co quan
quan-tri Thuc Dugc Pham Hoa Ky vé thir nghiém xac dinh thoi gian
hi¢u-luc. Cach tinh thoi gian hi€u-luc cia mot thur nghiém thoi-thuc
duoc trinh bay & phy-luc 1. Thi du vé mdt thir nghiém gia-toc dung nhiét
d6 cho mot khang-thé don ban duoc trinh bay & phu-luc 2. Mot vai tai
ligu va dia chi nhing mang ludi toan cau lién hé dén van dé nay duogc
ghi trong thu muc tham khao.
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An Overview for Drug Stability Testing
Dong To, D.Sc.

Summary

In the last step of the product/process development, the main objectives of
the Formulation group are optimizing the drug delivery system and
increasing the stability of a drug product. When the process is validated,
then the testing of drug stability in the Manufacturing group will insure that
the medicine retain its identity, strength and quality in the market throughout
the period up to the expiration date.

The knowledge in many areas of the drug such as potency, metabolism, and
physical/chemical/biochemical pathways allows the rational development of
analytical methods for the expiration dating.

In this overview, some principles, practices and stability testing guidelines
from the FDA of the US are briefly presented.

I. DRUG STABILITY

It i1s note that one could find in literature various examples of drug
formulation using trehalose and hydrophobic sugar glasses (1), liposomes (2,
12), cyclodextrins (3, 19), of chemical kinetics and drug stability (4, 5, 6, 7),
and of expiration dating and shelf life estimation (8, 9, 10). Also, one can get
considerable amounts of updated information in the web sites of FDA
including the FDA modernization act of 1997 (FDAMA) (13, 14, 15) and in
that of the European Agency for the Evaluation of Medicinal products
EMEA (16). In addition, one can have relevant services as provided by many
independent labs (17, 18, 19, 20).

1. Definition:

The stability means compliance of the drug product within the
specifications. The stability testing insures the quality of the drug product as
defined by its content of active ingredient, its purity and its organoleptic,
physicochemical and biological properties. The drug could be a chemical, a
biologic or a medical device. In general, biologics depend mostly on
optimum formulation and good storage conditions for stability.
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2. Measurement:

The methods used to assess and control stability are based on rate constants
of degradation reactions of the drug.

The shelf life of the drug can be calculated if the rate of loss "k" of the drug
with time at storage temperature is known.

If [A]yo and [A]; are the initial active concentration and the residual active
concentration at time t, the following rate equations describe the usual
models:

zero order: [A] = [A]o — kt
first order: Ln [A]; = Ln[A]p — kt
second order: 1/[A]; = 1/[A]y + kt

The drug product expiration dates are usually based on assumed zero- or
first-order kinetics. The shelf-life t;qy is the time at which decomposition
reaches 10% or activity decreases to 90%. The time should be determined at
which the 95% one-side lower confidence limit for the mean degradation
curve intersects the lower acceptable specification limit (appendix 1). This
will assure that the average drug characteristics of the batch are within
specifications up to the end of the expiration period.

II. STABILITY PROTOCOL

1. General Product Information:

The basic information of the drug must be presented:
Name.
Dosage form.
Strength.
Formulation.
Labeling.
Container-closure: composition, type and size.

2. Specifications and Test Methodology Information:

The specifications on physical, chemical, biological and microbiological
characteristics of the drug must be described. A definition of potency is
usually needed for biological activity of a drug.
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The analytical methodology should be validated and presented with method
accuracy, precision and suitability (11).

The method measuring the trace amount of harmful by-product or unwanted
degraded product during drug storage should be known with acceptable limit
of detection.

3. Study Design and Study Conditions:

The sampling plan, number of units and sampling times are selected
according to statistical quality control methods.

The testing of drug products for reconstitution at the time of dispensing (as
directed on the labeling) must be defined. The same requirement is needed
after they are reconstituted.

The duration of the study and storage conditions: temperature, humidity and
light should be specified. For example, the Human Medicines Evaluation
Unit of the EMEA defined significant change as failure to meet the
specifications with long term testing, at temperature 25° + 2° C and relative
humidity 60% + 5% RH for 12 months, and with accelerated testing at 40° +
2°C and 75% =+ 5% RH for 6 months.

4. Stability Data/Information:

The lot number from research, pilot or production must be provided with the
corresponding manufacturing date. The age of the bulk/active substance
used in the testing should be mentioned. The analytical data and source of
data points must be defined.

All relevant information of previous formulations or container-closure
systems should be provided.

5. Data Analysis and Conclusions:

The appropriate statistical methods and formulae used in the analysis must
be documented. The calculations, statistical analysis and graphs to evaluate
data should be provided. The results of statistical tests for potency estimates
as well as the proposed expiration date and its justification must be
presented.

The release specifications are defined to warrant an acceptable minimum
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potency at the initial release for full expiration dating period.

III. STABILITY STUDY

1. Real-time stability:

This stability study at storage condition is the most reliable, but
unfortunately it takes a long time and is very costly in the development
phase of the drug.

2. Accelerated stability:

The accelerated stability study predicts the expiry date using exaggerated
storage conditions. The drug substance can be stressed as many ways as
possible, using temperature, humidity, light, pH, solvents, buffers etc...

The rate constant k is observed to have an exponential dependence on
temperature. Where k is the reaction rate constant of any order, A and E, are
constants, and T is the absolute temperature, according to Arrhenius:

k = A exp(-E./RT)

The activation energy -E, can be calculated as equal to R*Slope with R =
Gas Constant = 1.987 cal K™ mol™.

The activation energy E, is an energy barrier of the system that the reactants
must pass before becoming products. The usual range of E, is about 12 to 24
kcal/mol, with hydrolysis: 14-20 kcal/mol and oxidation: 23 kcal/mol

The E, depends on formulation, for example: the phenylbutazone in water
has three rates: ki, kj, k3 of oxidation/hydrolysis corresponding respectively
to Ea, Ean, Eis of 24.4, 26.7, 36.2 kcal/mol. In solvent such as dimethyl
formamide, diethyl carbinol, propylene glycol, the E, ‘s are lower, from 3.9
to 7.7 kcal/mol, giving a shorter shelf life, only from 18 days to 113 days.

The Qqr factor, ratio of reaction rates at two temperatures differing by dT
degrees, can be calculated as:



k - E 1 1
_ T +dT _ a
Q = ———— = exp - —
dT kT R \T+dT T
This factor is used to predict shelf life at 4°C, knowing shelf life at higher
temperature. Usually, Q;¢ from 20° to 30° C equals to 2, 3 and 4 with E, ‘s
from 12.2 to 24.5 kcal/mol. This means that the rate increases 6 to 32 times
at 25°C from initial rate at 0° C.
IV. EXAMPLES

The rate and order of reactions of some drugs are presented with kinetic
models:

1. Zero order: [A];=[A], — kt

Aspirin suspension — Salicylic acid +Acetic acid
H,O

k=10.0075 mol I"'d" or 1.5% d!
t().9() =6.67 days

2. First order: Ln [A];=Ln[A],— kt

Benzocaine - 4-Aminobenzoic acid+ Ethanol
H,O

k=0.05w"
tos0 = 0.693/k = 13.86 weeks

3. Second order: 1/[A];= 1/[A],+ kt

Pr-Paraben — Hydroxybenzoic acid diethylamide + Propanol
(CH;3).NH

k=0.012 mmol I"' w
to.90 = 0.926 weeks

4. Other kinetic models:

First order reversible kinetics
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Photochemical Isomerisation [A < B]

Chlorprothixene
Competitive first order degradation
Hydrolysis/Rearrangement [C — A — B]
O-Acetyl Propanolol

Sequential first order kinetics
Rearrangement/Hydrolysis [A « B - C]
Betamethasone 17-Valerate

5. Analysis of a Monoclonal Antibody MoAb degradation study:

An example of accelerated testing using temperature to predict
stability of a monoclonal antibody MoAb against carcino-embryonic
antigen CEA is described. Samples are stressed at 37°C and the
percent immunoreactivity % IR are recorded as follows:

Test samples:
MoAb in 140mM Phosphate, pH 8.5, 37°C

Sample ID % IR
0 week 95.8
1 week 89.8
2 weeks 88.4
3 weeks 75.8
4 weeks 75.6
5 weeks 66.3
6 weeks 62.6
7 weeks 58.5
8 weeks 51.7

Kinetic model:

Different models are tested and results are tabulated in the following

paragraph:

MODEL R [IR%]o SS
Zero order 0.9907989 95.9 34.1
1* order 0.9897601 98.2 44.1
2" order 0.9812260 102.3 100.1



Conclusion:

The best model describing the degradation of this monoclonal
antibody is the zero order kinetics. It gives the highest correlation
coefficient R of 0.9907989, the closest estimated initial %IR of 95.9
and the smallest sum of squares SS of 34.1.

The percent immunoreactivity of this monoclonal antibody replaces
its potency in the calculation of loss of activity with time. The
antibody vials at up or inverted positions of storage are used to detect
effect of stoppers, but no difference has been found. The testing
temperatures are 22°C, 37°C and 45°C. All physical, chemical,
biological and microbiological characteristics of this antibody are
tested at time intervals, but only results for activation energy, rate
constants and shelf-lives at various temperatures calculated using
Excel program are presented in appendix 2.

6. Some calculation programs used in the Stability Study:
Any of the following software could be used: RS/1 from BBN,
Statistical Analysis System SAS, Excel PC, Q-basic or Irwin's
computer solutions.

Conclusion

Some aspects and examples of the drug stability testing are presented. The
accelerated testing to predict expiry dating of a monoclonal antibody against
CEA is described. In a dosage form, each drug substance represents a
particular case and should be treated accordingly. A good formulation could
only be obtained by a team effort of many scientists in the product/process
development phase.
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Percent of potency claim

Appendix 1
The lower bound method: If the specification
limit is 90%, an expiration dating period of
3.7 years would be granted
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Appendix 2:

Accelerated Stability Testing for a MoAb

ARRHENIUS ANALYSIS
Initial %IR = 94.8
Ea =19.34 Kcal/mol = 80.92 KJ/mol
AGE TEMP (C) UI%IR T Lnk Trend
(week)
2 22 U 92.7 0.00339 -4.556380 -5.548497
2 22 I 94.7 0.00339 -7.600902 -5.548497
2 37 U 934 0.00322 -4.961845 -3.953520
2 37 I 92.6 0.00322 -4.509860 -3.953520
2 45 U 89.5 0.00314 -3.630611 -3.164362
2 45 I 83.5 0.00314 -2.873515 -3.164362
4 22 U 86.5 0.00339 -3.875209 -5.548497 Calculations
4 22 I 943 0.00339 -6.684612 -5.548497 Ln k=Ln A-Ea/RT
4 37 U 87.1 0.00322 -3.950244 -3.953520 Qpelf life at 4 °C
4 37 I 852 0.00322 -3.729701 -3.953520 Temperature C 4
4 45 U 753 0.00314 -3.021050 -3.164362 T = 277.15
4 45 I 77.8 0.00314 -3.158251 -3.164362 Lnk = -7.690365
6 22 U 932 0.00339 -5.926926 -5.548497 k= 0.000457
6 22 I 92.8 0.00339 -5.703782 -5.548497 to9 (week) = 230.4
6 37 U 81.8 0.00322 -3.831980 -3.953520
6 37 I 829 0.00322 -3.920391 -3.953520 Qhelf life at 25 °C
6 45 U 64.0 0.00314 -2.969415 -3.164362 Temperature C 25
6 45 I 675 0.00314 -3.090043 -3.164362 T = 298.15
8 22 U 91.1 0.00339 -5.376279 -5.548497 Lnk = -5.216663
8 22 I 90.2 0.00339 -5.158555 -5.548497 k = 0.005425
8 37 U 759 0.00322 -3.745450 -3.953520 to9 (wWeek) = 19.4
8 37 I 77.7 0.00322 -3.845533 -3.953520
8 45 U 581 0.00314 -3.081835 -3.164362 Spelflife at 37 °C
8 45 I 61.1 0.00314 -3.167114 -3.164362 Temperature C 37
12 22 U 87.8 0.00339 -5.144167 -5.548497 T = 310.15
12 22 I 88.8 0.00339 -5.298317 -5.548497 Lnk = -3.953520
12 37 U 67.3 0.00322 -3.775891 -3.953520k = 0.019187
12 37 I 665 0.00322 -3.747215 -3.953520 to9 (Week) = 5.5
N.B.: U/l =up or inverted storage position
k = absolute value
too = lower bound method shelf life
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