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WHO EXPERT COMMITTEE
ON SPECIFICATIONS FORON SPECIFICATIONS FOR

PHARMACEUTICAL 
PREPARATIONS

The dissolution testing is now emerging as a surrogateThe dissolution testing is now emerging as a surrogate 
equivalence test for certain categories of orally administered 
pharmaceutical productspharmaceutical products.

For these products (typically solid oral dosage forms 
containing APIs with suitable properties) a comparative in vitro 
dissolution profile similarity can be used to document 
equivalence of a multisource generic with a comparatorequivalence of a multisource generic with a comparator 
product.
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WHO GuideWHO Guide

On the basis of solubility and permeability 
of the API and dissolution characteristics ofof the API, and dissolution characteristics of 
the dosage form, the BCS approach 
provides an opportunity to waive in vivoprovides an opportunity to waive in vivo 
pharmacokinetic bioequivalence testing for 
certain categories of immediate-release 
drug products.g p
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WHO DefinitionsWHO Definitions
• The highest dose is soluble in 250 ml• The highest dose is soluble in 250 ml 

or less of aqueous media over the 
H f 1 2 6 8 @37° CpH range of 1.2–6.8 @37° C

• An API is considered highly permeable 
when the extent of absorption in 
humans is 85% 

• Very rapidly dissolving >85% of the 
labeled amount in 15 minuteslabeled amount in 15 minutes 

•Rapidly dissolving >85% of the labeled 
amount in 30 minutes
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WHO Guide: BiowaiverWHO Guide: Biowaiver
BCS class 1drugs are eligible if they dissolve 

idlrapidly 

BCS Cl 3 d d t if th lti dBCS Class 3 drug products, if the multisource and 
comparator product are very rapidly dissolving

BCS Class 2 weak acids if the API has a dose : 
l bilit ti f 250 l l t H 6 8 d thsolubility ratio of 250 ml or less at pH 6.8 and the 

multisource product is rapidly dissolving

AND the dissolution profile is similar to that of the 
t d t t H 1 2 4 5 d 6 8
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Similarity Factor F2y

n = number of time pointsn = number of time points
R(t) = mean % API dissolved of reference product at time point
T(t) = mean % API dissolved of test product at time point

– Minimum of 3 time points (zero excluded) 
– 12 units for each product (for “official” purposes)
– Only one measurement should be considered after bothOnly one measurement should be considered after both 

products have reached 85 % dissolution
– RSD at higher time points ≤ 10% at the first time point up to 

20%20%
7



How to get a Biowaiver
BCS Classification I-IV BCS class 1 Class 3

g

IR Dosage Forms
BCS class 1 Class 3
and Class 2 Weak acids

Level A correlations based on:
In Vitro Similarity

Level A correlations based on:
1) Deconvolution methods
2) Convolution methods

Bio-
waiverSUPAC
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WHO Biowaiver for GenericsWHO Biowaiver for Generics

• The innovator product or an assigned 
listed reference product is the “gold p g
standard”

• Pharmaceutical Equivalence together with• Pharmaceutical Equivalence together with 
In Vitro Similarity (IVS) are considered 

/Bioequivalent/Therapeutic Equivalent 
• Generics which have similar dissolutionGenerics which have similar dissolution 

profiles (f2) might get market authorization 
without in vivo bioequivalence testingwithout in vivo bioequivalence testing
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Study IntroductionStudy Introduction
• The study was designed to investigate in vitroThe study was designed to investigate in vitro 

dissolution differences between BCS class 1 
drugs on the South American Marketdrugs on the South American Market.

• The products were compared to US products 
A t d t l d l d f th d• A study protocol was developed for three drugs

• Zidovudine
• Amoxicillin• Amoxicillin
• Metronidazole

The US-RLD was identified and if appropriate an 
alternative comparator product was chosen 
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S d D i d C id iStudy Design and Considerations

Collaborator/ParticipCollaborator/Particip
antant TrainingTraining

TrainingTraining Performance Performance Training Training 
RequiredRequired ?? Verification testVerification test

PrednisonePrednisone
ReleaseRelease profileprofile

Perform StudyPerform Study
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Study Design and ConsiderationsStudy Design and Considerations
MethodMethodMethodMethod

NNot Suitableot Suitable

API Literature API Literature 
ResearchResearch

Evaluate Evaluate 
MethodsMethods Test in 3 MediaTest in 3 MediaResearchResearch MethodsMethods Test in 3 MediaTest in 3 Media

Time Points 10, 15, 20, 30, 45, 60 minutesTime Points 10, 15, 20, 30, 45, 60 minutes
a) pH 1 2 @75 rpma) pH 1 2 @75 rpm Method Method a) pH 1.2 @75 rpma) pH 1.2 @75 rpm
bb) pH 4.5 @75 rpm) pH 4.5 @75 rpm
cc) pH 6.8 @75 rpm) pH 6.8 @75 rpm

SuitableSuitable
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Study Design and ConsiderationsStudy Design and Considerations
Product receivedProduct received
Added to Inventory Added to Inventory 

Evaluate Evaluate 
Release Release 
PProfilerofile

PerformPerform dissolution dissolution 
test test nn=6; =6; 

record weightrecord weight

More than 85% More than 85% 
release in 15 minrelease in 15 min

nn < 12< 12

PProfilerofilegg

L th 85%L th 85%
nn < 12< 12

N f thN f thLess than 85% Less than 85% 
release in 15 minrelease in 15 min

No further No further 
evaluationevaluation

F2 test evaluationF2 test evaluation
against other against other 

nn = 12= 12 Similarity
Decision
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pH 1 2 Buffer v s SGFpH 1.2 Buffer v.s. SGF
Gastric Fluid, Simulated, TS—Dissolve 2.0 g of sodium chloride

and 3 2 g of purified pepsin that is derived from porcine stomach mucosa withand 3.2 g of purified pepsin, that is derived from porcine stomach mucosa, with 
an activity of 800 to 2500 units per mg of protein, in 7.0 mL of hydrochloric 
acid and sufficient water to make 1000 mL. This test solution has a pH of 

about 1.2.

Buffer pH 1.2 
0.75 g KCl

SGF
2.0 g NaClg

7.2 mL HCl
g

7.0 mL HCl

HCl, 36.46 ad 1000 mL (0.2 N / 5 = 7.2 mL)
14.91 g of potassium chloride (KCl) in water, and dilute with water to 1000 mL.
Composition of Standard Buffer Solutions Hydrochloric Acid Buffer Place p y

50 mL of the potassium chloride solution in a 200-mL volumetric flask, add the 
specified volume of the hydrochloric acid solution, then add water to volume. 

pH1.2  HCl 85 mL
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SIF vs Buffer pH 6 8SIF vs. Buffer pH 6.8 
Intestinal Fluid SimulatedIntestinal Fluid Simulated TSTS DissolveDissolve 6 86 8 gg of monobasic potassiumof monobasic potassiumIntestinal Fluid, SimulatedIntestinal Fluid, Simulated, TS , TS ——Dissolve Dissolve 6.8 6.8 gg of monobasic potassium of monobasic potassium 
phosphate phosphate in 250 mL of water, mix, and in 250 mL of water, mix, and add 77 mL of 0.2 N sodium hydroxide add 77 mL of 0.2 N sodium hydroxide 
and 500 mL of water. Adjust the resulting solution with either 0.2 N sodium and 500 mL of water. Adjust the resulting solution with either 0.2 N sodium 
hydroxide or 0 2 N hydrochloric acid to a pH of 6 8hydroxide or 0 2 N hydrochloric acid to a pH of 6 8 ±± 0 1 Dilute with water to0 1 Dilute with water to

NaOHNaOH = 0.90 = 0.90 gg
KHKH POPO 6 816 81

hydroxide or 0.2 N hydrochloric acid to a pH of 6.8 hydroxide or 0.2 N hydrochloric acid to a pH of 6.8 ±± 0.1. Dilute with water to 0.1. Dilute with water to 
1000 mL. 1000 mL. 

NaOHNaOH = 0.62 = 0.62 gg
KHKH POPO 6 806 80

Buffer pH 6.8:Buffer pH 6.8: Place Place 50 mL of the monobasic potassium phosphate solution in 50 mL of the monobasic potassium phosphate solution in 
200200 L l t i fl k dd th ifi d l f th di h d idL l t i fl k dd th ifi d l f th di h d id

KHKH22POPO44 = 6.81 = 6.81 ggKHKH22POPO44 = 6.80 = 6.80 gg

a 200a 200--mL volumetric flask, add the specified volume of the sodium hydroxide mL volumetric flask, add the specified volume of the sodium hydroxide 
solution, then add water to volume.solution, then add water to volume.
pHpH
5 85 8 6 06 0 6 26 2 6 46 4 6 66 6 6 86 8 7 07 05.8 5.8 6.0 6.0 6.2 6.2 6.4 6.4 6.6 6.6 6.8 6.8 7.0 7.0 
0.2 M 0.2 M NaOHNaOH, mL , mL 
3.6 3.6 5.6 5.6 8.1 8.1 11.6 11.6 16.4 16.4 22.4 22.4 29.1 29.1 
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Media PreparationMedia Preparation
The media are prepared according to USP. 


A microwave is used to heat the media. 
The warm media were de-aired by filtering them 





into a bottle immerged into an ultrasonic bath.
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Dissolution Apparatus Set upDissolution Apparatus Set-up
The The media are media are weighed weighed into the dissolution vessels and the into the dissolution vessels and the 

dissolution apparatus is set up for the dissolution apparatus is set up for the test test ..

An An autoauto--sampler is sampler is used  to used  to collect collect 1 1 mLmL samples samples . . 
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Analyze and Clean upAnalyze and Clean-up
After the test the vials are transferred After the test the vials are transferred 

tt HPLCHPLC tt to an to an HPLC HPLC systemsystem . . 

The The dissolution apparatusdissolution apparatus was was 
l d ith il d ith i t t dt t dcleaned with a semi cleaned with a semi automated automated 

washing in place washing in place system system ..
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Zidovudine’s
f t i tfootprint
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USP RequirementsUSP Requirements
Zidovudine Capsules
M d LCMode: LC 
Detector: UV 265 nm 
Column: 4 0-mm × 25-cm; packing L1Column: 4.0-mm × 25-cm; packing L1
Flow rate: 1 mL/min 
Injection size: 10 µL j µ
System suitability

Di l tiDissolution
Medium: Water; 900 mL 
Apparatus 2: 50 rpmApparatus 2: 50 rpm 
Time: 45 min 
Tolerances: NLT 75% (Q). 
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Analytical MethodAnalytical Method
MethodMethod
Mode:Mode: LC LC 
Detector:Detector: UV 265 nm UV 265 nm 
Column:Column: RPRP--88
Water : ACN mixture (72:28) Water : ACN mixture (72:28) 
Flow rate:Flow rate: 1 mL/min 1 mL/min 
Injection size:Injection size: 10 µL 10 µL 

DissolutionDissolution
Apparatus Apparatus 2 :2 : 75 rpm 75 rpm 
TiTi 10 15 20 30 45 6010 15 20 30 45 60 ii

Low concentrationLow concentration

Time:Time: 10, 15, 20, 30, 45, 60 10, 15, 20, 30, 45, 60 minmin
Media: Media: SGF, pH 4.5, SIF SGF, pH 4.5, SIF 
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Zidovudine
In Vitro Similarity (IVS)

SGFSGF pH 4.5 pH 4.5 

SIFSIF
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Packaging and Manufacturing 
differences and deficiency
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Summary Zidovudine Dissolution 
comparison vs. Retrovir (US-RLD)

Country Name SGF pH 4 5 SIFCountry Name SGF pH 4.5 SIF

Mexico Retorvir + + +
Crisazet + + +Argentina

Crisazet + + +
Zetrotax + + +
Filaxix Filaxix + + +

Uruguay Crisazet + + +


The tested products are 
•Pharmaceutically EquivalentPharmaceutically Equivalent 
•In Vitro Similarity (IVS)
•All investigated products pass the WHO

24

All investigated products pass the WHO  
guideline for in vitro Therapeutic 
Equivalence
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Amoxicillin Tablets USP 32Amoxicillin Tablets USP 32

• Tablets contain not less than 90.0 
t d t th 120 0percent and not more than 120.0 

percent of the labeled amount
• Dissolution: water; 75 rpm, App 2
• Q75% @ 30 min@
• No Content Uniformity tests!
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Amoxicillin Analytical DevelopmentAmoxicillin Analytical Development

USPUSP
TabletsTablets
230 nm230 nm230 nm230 nm

Low concentrationLow concentration High concentrationHigh concentration
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Study DesignStudy Design
• Analytical assay

– HPLC 219 nm
– RP 18 Column
– 1 mL/min Acetonitrile : Buffer, pH 5.0
– Retention time about 3 min

• App 2, 75 rpm
– SGF buffer pH 4 5 SIFSGF, buffer pH 4.5, SIF

• Time points
10 15 20 30 45 60– 10,15, 20, 30, 45, 60
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CommentaryCommentary

• The US products are dose proportional products 
(875 mg and 500 mg) (875 mg and 500 mg) 

• Sandoz produces products sold in the US and 
Argentina in the same factory in AustriaArgentina in the same factory in Austria

• The Argentina product has different excipients 
compared to the US productscompared to the US products
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Sandoz ProductsSa do oducts
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Argentinage t a
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CommentaryCommentary

• Sanval is a South American Company which has• Sanval is a South American Company which has 
market authorization for the same product in 
different countriesdifferent countries. 
– Two different batches from different countries were 

compared to the RDL and to each othercompared to the RDL and to each other…
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Same Product from different CountriesSame Product from different Countries
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In Vitro Similarity (IVS)In Vitro Similarity (IVS)

• The two Sanval products tested have 
similar drug release profiles to each othersimilar drug release profiles to each other 
but fail the comparison with the US 
product
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Amoxicillin Peru
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Amoxicillin Chile
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Summary Country Manufacturer SGF pH 4.5 SIFSummary 
Amoxicillin 
Di l ti

Argentina Sandoz ‐ ‐ ‐
Bermabo + ‐ ‐

Dissolution 
comparison 

Klonal + ‐ ‐
AHIMSA + + +p

vs. Sandoz 
(US 500 mg)

Roemmers + +  +
Peru Sanval + ‐ ‐(US 500 mg)

Trifama + +  +
Farmindustria ‐ ‐ ‐

Chile Sanval + ‐ ‐
Andromaco + + ‐+ +
Lab Chile + ‐ ‐
Lab Chile + +Lab Chile 
Recubiertos

+ ‐ +
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CommentaryCommentary

• 500 mg is a common dose use in Europe
and several countries in South America

• 875 mg is the strength of the US-RLD.
875 i l d i B il• 875 mg is also used in Brazil
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Brazil
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S A i illi Di l tiSummary Amoxicillin Dissolution 
Comparison vs. Sandoz (US 875 mg)p ( g)

Country Manufacturer SGF pH 4.5 SIF

Brazil Europharma + + +
EMS + ‐ +
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Summary AmoxicillinSummary Amoxicillin

• 14 generics and two US products (500 and 
875 mg amoxicillin) were testedg )

• 10 generics failed In Vitro Similarity (IVS) 
criteria according to WHO guidelinescriteria according to WHO guidelines
– Three of the products who failed failed only by 

a margin of about 3%

41
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USP MetronidazoleUSP Metronidazole
APIAPI-- Procedure Procedure 
Mobile phaseMobile phase methanolmethanol andand aterater (1 4)(1 4)Mobile phase:Mobile phase: methanol methanol andand water water (1:4) (1:4) 
Mode:Mode: LC LC 
Detector:Detector: UV 319 nm UV 319 nm 
Column:Column: 4 64 6 mmmm ×× 1515 cm column; 5cm column; 5 µm packing L7µm packing L7Column:Column: 4.64.6--mm mm ×× 1515--cm column; 5cm column; 5--µm packing L7 µm packing L7 
Temperature:Temperature: 30 30 
Flow rate:Flow rate: 1 mL/min 1 mL/min 

TABLETSTABLETS
MetronidazoleMetronidazole Tablets contain NLT 90.0% and NMT 110.0% of the labeled Tablets contain NLT 90.0% and NMT 110.0% of the labeled amountamount
DissolutionDissolution 711711Dissolution Dissolution 711 711 
Medium:Medium: 0.1 N hydrochloric acid; 900 mL 0.1 N hydrochloric acid; 900 mL 
Apparatus 1:Apparatus 1: 100 rpm 100 rpm 
Time:Time: 60 min 60 min 
Mode:Mode: UVUV Maximum at about Maximum at about 278 nm278 nm (Dissolution, Uniformity); Assay at 254 nm(Dissolution, Uniformity); Assay at 254 nm
Tolerances:Tolerances: NLT 85% (Q) of the labeled amount. NLT 85% (Q) of the labeled amount. 
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Analytical MethodAnalytical Method
MethodMethod
Mode:Mode: LC LC 
Detector:Detector: UV 228 UV 228 nm nm 
Column:Column: RPRP--88
Water : ACN mixture (66:34) Water : ACN mixture (66:34) 
Flow rate:Flow rate: 1 mL/min 1 mL/min 
Injection size:Injection size: 10 µL 10 µL 

DissolutionDissolution
Apparatus 2:Apparatus 2: 75 rpm 75 rpm 
TiTi 10 15 20 30 45 60 i10 15 20 30 45 60 iTime:Time: 10, 15, 20, 30, 45, 60 min10, 15, 20, 30, 45, 60 min
Media: Media: SGF, pH 4.5, SIF SGF, pH 4.5, SIF 
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FlagylFlagyl
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FlagylFlagyl

• The US- RLD and the marketed product in 
South America are made by different y
companies

• The product manufactured by Sanofi• The product manufactured by Sanofi-
Aventis is not In Vitro Similar (IVS) the 
RDL.

• Flagyl Peru is failing In Vitro SimilarityFlagyl Peru is failing In Vitro Similarity 
(IVS) with the products received from 
Argentina and MexicoArgentina and Mexico.
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PeruPeru
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MexicoMexico
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Argentina
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Summary Metronidazole Dissolution 
comparison vs. Flagyl (US-RLD)

fCountry Manufacturer SGF pH 4.5 SIF

Peru Genfar + ‐ ‐
H ilHersil ‐ + +
Alkem + ‐ ‐
Sanofi ‐ ‐ ‐

Mexico Liomont ‐ ‐ ‐
Sanofi ‐ ‐ ‐

Argentina Baliarda ‐ + +
Lazar + ‐ ‐
Sanofi ‐ ‐ ‐
Austral ‐ ‐ ‐ 50



Brazil
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Summary MetronidazoleSummary Metronidazole
Dissolution comparison 

vs. Flagyl (US-RLD 250/ 500 mg)

Country Manufacturer SGF pH 4.5 SIFCountry Manufacturer SGF pH 4.5 SIF

Brazil Neoquimica (250) ‐ ‐ ‐
EMS (400 mg) ‐ ‐ ‐( g)

Both Products had a too high SD Both Products had a too high SD 
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MetronidazoleMetronidazole

• No product is equivalent to the RLD
• 12 products failed In Vitro Similarity (IVS)12 products failed In Vitro Similarity (IVS)
• The lower and higher dose of the 

f d t t I Vit Si ilreference product were not In Vitro Similar 
(IVS) in two media.
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ConclusionsConclusions

The study showed that many BCS class 1 generics are• The study showed that many BCS class 1 generics are 
not in vitro similar with the the US-RLD or its substitute

• For Flagyl are different innovator products on the world gy p
market available 

• These products have different biopharmaceutical 
propertiesproperties.

• This demonstrates the clear need to make a Global 
Performance Standard for drugs on the List of Essential 
Medicines availableMedicines available.

• Pharmaceutical Equivalence together with In Vitro 
Similarity (IVS) are suitable/promisingy ( ) p g
surrogates/parameters to ensure/indicate Therapeutic 
Equivalence between products
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