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Role of Biopharmaceutical Classification
System BCS in Developing Industrial
Pharmacy
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BIOPHARMACEUTICS CLASSIFICATION
SYSTEM (BCS)

Solubility

Class | : High solubility-
High permeability

Class Il : Low solubility-
High permeability drugs

Class lll : High solubility -
Low permeability

Class IV : Low solubility-
Low permeability drugs

»
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Perméability



Biopharmaceutical Classification
System

Class 1 High High Bioavailability problem is not expected
for immediate release drug products

Class 2 Low High Bioavailability is controlled by the dosage
form and rate of release of the drug
substance.

Class 3 High Low Drug is permeability limited

Bioavailability may be incomplete if the
drug is not released and dissolved within
absorption window.

Class 4 Low Low Difficulty in formulating a drug product
that will deliver consistent drug
bioavailability. An alternate route of
administration may be needed.



BIOPHARMACEUTICS CLASSIFICATION

SYSTEM (BCS)

Drug Substance

Solubility

High

Low

-
\

Permeability

High

Drug Product

Low
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* Dissolution

Very Rapid

Rapid

Slow




FDA BCS-BIOWAIVER GUIDANCE
Dissolution

»  Very rapidly dissolving > 85% within 15 min
» Rapidly dissolving > 85% within 30 min

»  Slowly dissolving — more than 30 min for 85%
dissolution
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BIOPHARMACEUTICS CLASSIFICATION
SYSTEM (BCS)

*¢* The successful development of medicinal products
for oral use requires identification of the rate limiting
step(s) of the intestinal absorption process of the
active substance

*¢* 3 major factors govern drug absorption:

- Aqueous solubility active substance
- Intestinal permeability active substance
- Dissolution oral formulation
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Biopharmaceutics Classification System
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BIOPHARMACEUTICS CLASSIFICATION
SYSTEM (BCS)

solubility, dissolution and permeability are the 3 major
factors controlling the oral absorption of drug substances
from IR oral medicinal products
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Enhancing dissolution profile
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solid dispersion
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fig(12): percentage of nystatin released from tablets containing (1) nystatin
plain powder, (2)nystatin :PEG6000 solid dispersion

K. Sakeer, H. Al-Zein, I. Hassn, G. P. Martin, and A. Nokhodachi.
Pharmaceutical Development and Technology 2010,15(4) 360-368
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Complexation with cyclodextrin derivatives

Primary Ryoroxyl Face

Secangary Hydroxyl Face
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=¢=—Nicardipine Powder —8—NC:HPRCD (kneading )(SY1) —&—NC:HPRCD(complex)(SY2)
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Figure (2): Percent dissolved of nicardipine as powder and inclusion complex with (HBBCD)
prepared by kneading and rotatory evaporation in pH:6.8

H.Al-Zein et al, Saudi Pharmaceutical Journal 2011,19(4) ,245-253



http://www.sciencedirect.com/science/journal/13190164/19/4
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45.88+5.94%
56.55+4.05%
66.64+3.19%
80.00+2.11%
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98.94+2.18%
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99.94+2.18%

R. Al-Nus, H. El-Zein, Asian journal of Pharmaceutical and Clinical Research, vol 8,
Issu 1, 2015.
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BIOPHARMACEUTICS CLASSIFICATION SYSTEM

Alprazolam Class|
Amlodipine Class|
AscorbicAcid Classll|
Atorvastatin Class||
Azithromycin LS- Classl|
Celecoxib ClasslI
Cetirizine Class|
Levocetirizine Class|
Minocycline  Class|
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Clarithromycin
Doxazocin
Flurbiprofen
FolicAcid

Glipizide

| buprofen
Montel ukast
L omefloxacin

Niacin

Class|
Class ||
ClassIV*
Class|I*
Class ||
Class|
Class|
Classll|

Nimesulide
Nitrofurantoin
Penicilamine
Simvastatin
Terazocin
Terbinafine
Valsartan
Lidocaine

Pravastatin sodium

Class||
Class IV
Class I
Class||
Class I
Class|
Classl|
Class|

Class|


../../Spec/BSC/Alfares Bioequivalence Research Center/BCS/Folic acid.htm
../../Spec/BSC/Alfares Bioequivalence Research Center/BCS/Atorvastatin.htm
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BIOPHARMACEUTICS CLASSIFICATION
SYSTEM (BCS)

e FDA Guidance for Industry: Immediate Release Solid
Oral Dosage Forms: Scale-Up and Post-Approval
Changes, November 1995.

e FDA Guidance for Industry: Waiver of In Vivo
Bioavailability and Bioequivalence Studies for
Immediate-Release Solid Oral Dosage Forms Based on a
Bio pharmaceutics Classification System, FDA, August
2000.

http://www.fda.gov/cder/guidance/cmc5.pdf
http://www.fda.gov/cder/guidance/3618fnl.pdf
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Biowaiver IS in vitro instead of In vivo
‘bioequivalence’ testing
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FDA BCS-BIOWAIVER GUIDANCE
Dissolution

« FDA criteriafor BCS-based biowaiver:
- BCSclass| drug substances
- Oral IR solid dosage form
- Rapid in vitro dissolution and similar to
REFERENCE product
- Wide therapeutic window
- Excipients should be FDA approved for IR solid
dosage forms
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Dissolution Profile Comparison
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USP Chapters <711>, <724>

Apparatus 1
Apparatus 2

Apparatus 3
Apparatus 4

Apparatus 5
Apparatus 6
Apparatus 7

Rotating Basket
Paddle

Reciprocating
cylinder
Flow cell

Paddle over disk
Cylinder
Reciprocating disk

Diffusion Cells (Non-USP-NF)

(Franz)

8 Feb. 2010

Capsules,Tablets

Tablets, Capsules, modified drug
products, suspensions
Extended release drug products

Drug products containing low-water-
soluble drugs
Transdermal drug products

Transdermal drug products
Transdermal drug products

Ointments, Creams, transdermal drug
products



Similarity Factor 4Ll Jale

f, =50 log {[1 +(/)E_ (R —T) - 100}

[

N = e ) dalal) dae

Ri= x 4l dasill vie o2 jall paatisall (e 451300 45 ghal) 4l

Tt= X Gt 3V Aaiil) vie aa yall jumaioall (e 4130 4 giall Lol

JAYI e Ay Jalis ¢

(ppaniuall aBan g 12 e Jaall nn 12

Oksd %085 (A J sl 22y Jadd aal 5 (ol

RSD:< 20% at early time point & < 10% at higher time points
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EMA BE GUIDELINE 2010
APPENDIX [l BCS-BASED BIOWAIVER

m European Medicines Agency
London, 20 January 2010

Doc. Ref.: CPMP/EWP/QWP/1401/98 Rev. 1/ Corr **

COMMITTEE FOR MEDICINAL PRODUCTS FOR HUMAN USE

(CHMP)

GUIDELINE ON THE INVESTIGATION OF BIOEQUIVALENCE

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline
/2010/01/WC500070039.pdf

26
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EMA BIOEQUIVALENCE GUIDELINE - 2010
solubility drug substance

® The pH-solubility profile of the drug substance should
be determined and discussed.

® The drug substance is considered highly soluble if the
highest single dose administered as immediate
release formulation(s) is completely dissolved in 250
ml of buffers within the range of pH1-6.8at37+1
°C.
This demonstration requires the investigation in at
least three buffers within this pH range (preferably at
pH 1.2, 4.5 and 6.8)

27
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EMA BIOEQUIVALENCE GUIDELINE - 2010
drug substance

e BCS-based biowaivers are applicable for IR drug products if:

1. The drug substance has been proven to exhibit high solubility
and complete absorption: BCS-class|,

2. Either very rapid (>85% within 15 min) or similarly rapid (85%
within 30 min) in vitro dissolution characteristics of the test and
the reference product has been demonstrated considering
specific requirements,

3. Excipients that might affect bioavailability are qualitatively and
guantitatively the same; in genera the use of the same excipientsin similar amountsis
preferred.

28
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EMA BIOEQUIVALENCE GUIDELINE - 2010
drug substance

e BCS-based biowaivers are also applicable for IR drug
products if:

1. The drug substance has been proven to exhibit high
solubility and limited absorption: BCS-class |11,

2. Very rapid (>85% within 15 min) in vitro dissolution
characteristics of the test and the reference product has
been demonstrated considering specific requirements,

3. Excipients that might affect bioavailability are
gualitatively and quantitatively the same and other
excipients are qualitatively the same and quantitatively
very similar.
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WHO BIOWAVIER GUIDELINES

© World Health Organization
WHO Technical Report Series, Mo. 937, 2006

Annex 7

Multisource (generic) pharmaceutical products:

guidelines on registration requirements to establish
interchangeability

Annex 8

Proposal to waive in vivo bioequivalence

requirements for WHO Model List of Essential
Medicines immediate-release, solid oral dosage forms

http://healthtech.who.int/pg/info_general/documents TRS937/WHO _TRS 937 annex7_eng.pdf
http://healthtech.who.int/pg/info_general/documents TRS937/WHO_TRS 937 annex8_eng.pdf

30
4/25/2021 2:12 AM



BIOPHARMACEUTICS CLASSIFICATION
SYSTEM (BCS)*

» BCSClass 1. HS/HP
VRD orRDinpH 1.2,4.5and 6.8

» BCS Class 2: LSYHP/Weak Acids
-Rapid dissolution in pH 6.8 and similar dissolution profilein pH 1.2, 4.5 and 6.8

» BCSClass 3: HS/LP/VRD

For biowaivers Test (multisource) and Reference (comparator) products must have
similar dissolution profile (f,) in all 3 media

*Ref: WHO Technical Report Series, No. 937, 2006, Annex 7: Page: 347-390 and
Annex 8: Page 391-438.

31
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EMA BE guideline - 2010
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MULTIPLE DOSE STRENGTHS
EMA BE guideline - 2010

o|f several strengths of atest product are applied for, it
may be sufficient to establish BE at only the highest
strength,

e The strength(s) to evaluate depends on the linearity In
pharmacokinetics of the active substance.

33
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Compar ative dissolution testing
Similarity factor f2

f, =50 log {[1 +(/)E_ (R —T) - 100}

=1 [

N = number of time points

Rt= % API dissolved of reference product at time point x

Tt= % API dissolved of test product at time point x

»  Minimum of 3 time points (zero excluded)

» 12 units (one/ vessal) for each batch (for “official” purposes)

» Only one measurement should be considered after the reference product has reached 85
% dissolution.

» RSD:<20% at early time point & < 10% at higher time points

34
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Dissolution Profile Comparison

f, = {{EHH | R,-T, | ]![thin Rt 1} + 100
f,= 50+log {[1+{1fl1]2m" {'FI1r - T1r 210« 100}

* R, and T, are the cumulative % dissolved at each of the
selected n time points

* f is proportional to the average difference between the
two profiles (difference factor)

* {, is inversaly proportional to the average squared
differeance batween the two proflles and measures the
closeness between the two profiles (similarity factor).

F1 between (0-15)
F2 between (50 — 100)



Comparative dissolution testing
Dissolution conditions (study design)

Apparatus « USP 2 - Paddle, 50 (75) rpm or
(choice) « USP 1 - Basket, 100 rpm
Dissolution media 1. Phosphate Buffer pH 6.8 or simulated

intestinal fluid without enzymes

2. Acetate Buffer pH 4.5
All three media for full

comparison 3. 0.1 M HCI or buffer pH 1.2 or simulated
gastric fluid without enzymes

Volume of media 900 ml or less

Temperature 37°C £0.5°C

Sampling points 10, 15, 20, 30, 45, (60, 120) min. (typical)

Units (individual) 12 for “official” studies

36
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Example

Ciprofloxacin: two batches of same product

Product Manufacturer | Batch Nr | Expiry date Status
Cipro 500 ABC Ltd XXX 06/2007 Test
Cipro 500 ABC Ltd 277 07/2007 Reference

Apparatus paddle at 50 rpm

Medium 1: simulated gastric fluid without pepsin (SGF) (900 ml)
Medium 2: acetate buffer pH 4.5 (900 ml)
Medium 3; phosphate buffer pH 6.8 (900 ml)

Temp.. 37°C+ 0.5°C (start, middle, end)

Units: Twelve tablets per medium, each batch

Sampling: Manual, through in-line filter (0.45 um PV DF unit)

Anaysis:

4/25/2021 2:12 AM

at 10, 15, 20, 30 and 45 minutes
HPLC analysis for ciprofloxacin
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Example .Cont....

Ciprofloxacin: two batches of same product

Mediump> SGF, pH 1.16 Buffer pH 4.5 Buffer pH 6.8
% dissolved % dissolved % dissolved
Time(min) | b/nxxx | b/nzzz | binxxx | b/nzzz | b/inxxx | b/nzzz
10 83 80 93 96 28 31
15 95 92 97 99 34 36
20 99 97 99 100 38 39
30 102 101 100 100 39 40
45 102 102 102 101 39 41
similarity ?
n= ?

Conclusion: The profilesin all three media can be regarded
similar / not similar.

4/25/2021 2:12 AM
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Example .Cont....

Ciprofloxacin: two batches of same product

SGF without pepsin, pH 1.16

120

100

Dissolution (%)
(e} o
o o

N
o

N
o

ACTIVE INGREDIENT: CIPROFLOXACIN
MEDIUM: SGF WITHOUT PEPSIN pH 1.16

pans
/

- BATCH NO: zzz

/

=+ BATCH NO: xxx

0 5 10 15 20 25 30 35 40 45 50
WITHDRAWAL TIME IN MINUTES
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Acetate buffer pH 4.5

Dissolution (%)

120

100

(0]
o

D
o

N
o

N
o

ACTIVE INGREDIENT: CIPROFLOXACIN
MEDIUM: ACETATE BUFFER pH 4.5

e

// - BATCH NO: zzz

=+ BATCH NO: xxx

T T T T T T T T

5 10 15 20 25 30 35 40
WITHDRAWAL TIME IN MINUTES

T

45

50
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Example .Cont....

Ciprofloxacin: two batches of same product

Phosphate buffer pH 6.8

ACTIVE INGREDIENT: CIPROFLOXACIN
MEDIUM: PHOSPHATE BUFFER pH 6.8

120

(BN
o
o

- BATCH NO: zzz

0]
o

=+ BATCH NO: xxx

(o))
o

Dissolution (%)

N B
o o
"

o

0 5 10 15 20 25 30 35 40 45
WITHDRAWAL TIME IN MINUTES
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