| NTERI M GUI DANCE!
CHOLESTYRAM NE PONDER

| N VI TRO Bl OEQUI VALENCE

| NTRODUCTI ON

A

Cinical Usage/ Phar macol ogy

Chol estyramne resin is a bile acid sequestering
antilipemc agent. It is used as an adjunct to dietary
therapy to reduce el evated serumtotal and | owdensity
i poprotein (LDL) cholesterol levels in patients with
primary hyperchol esterol em a when diet alone is not
adequately effective. Cholestyramne may | ower plasna
chol esterol levels in patients with
hypertriglyceridema. The drug is not indicated for
treatment of hypertriglyceridema where el evat ed
triglyceride levels are of primary concern.

Chol estyramne resin is also prescribed for the relief
of pruritus associated with partial chol estasis
associated with biliary obstruction (1).

I n humans, chol esterol is oxidized to bile acids and
converted into salts of glycine and taurine conjugates
inthe liver. These conjugates are then stored in the
gall bladder. 1In the gastrointestinal lunmen, bile
salts emulsify ingested fats and thereby pronote
digestion. During the absorptive phase of digestion,
approxi mately 90 per cent of bile salts are reabsorbed.
Thus, bile salts produced fromchol esterol in the |iver
pass to the intestine and are then returned to the
liver. This process of enterohepatic circulation
facilitates the excretion of sterols and the digestion
of dietary lipids (1,2).

Thi s gui dance, prepared by the Division of Bioequival ence in the Office of
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to the views expressed. For further information about this guidance, contact the
Di vi sion of Bi oequival ence, Ofice of Generic Drugs, 7500 Standish Pl ace, Metro
Park North, Rockville, MD 20855 (Phone: 301-295-8290; Fax: 301-295-8183).
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Fol I owi ng oral adm ni stration, chol estyram ne resin
rel eases chloride ions and adsorbs anions of bile acid
conjugates in the intestine, formng nonabsorbabl e
conpl exes. The conpl exes are excreted wi th unchanged
resin in the feces, a process that results in parti al
renoval of bile acids fromthe enterohepatic
circulation. By interrupting the enterohepatic
circulation of bile salts, chol estyramne resin
produces a two to fifteen fold increase in feca
excretion of bile acids and triggers a conpensatory
increase in the oxidation of systemc cholesterol to
bile acids and in the liver. Despite increased
production of chol esterol by the liver, plasna

chol esterol and LDL concentrations fall in patients
with primary type Il hyperlipoproteinema (1,2).

The dosage of chol estyramne is expressed in terns of
amount of dry resin. The recomrended starting dose for
an adult is 4 gmof chol estyramne resin once or twce
a day. The nmaxi mumrecomrended dose is 24 gmof resin
daily in divided doses. Increases in daily dose should
be gradual with periodic assessnent of serum

chol esterol (LDL, HDL, WVLDL, and total) levels in
patients. Cholestyramne resin is recomrended to be
adm nistered with neals (1).

The nost common adver se reaction associated with

chol estyramne resin is constipation. Less frequent
adverse reactions include: abdomnal disconfort and/or
pai n, nausea, flatulence, vomting, and diarrhea (1,2).

Chol estyramine is currently nmarketed as a powder for
oral suspension containing 4 gmchol estyramne resin/9
gm powder (Questran ®) and 4 gmresin/5 gm powder
(Questran Light ® by Bristol Laboratories. Parke/Davis
D vision of \Warner-Lanbert Conpany narkets a

chol estyram ne chewabl e bar, 4 gnibar under the trade-
nanme Chol ybar (3).

Chem stry

Chol estyramne resin is the chloride formof a basic
guat er nary anmmoni um ani on- exchange resin which is
hydrophilic, insoluble in water, and unabsorbed in the
gastrointestinal tract. The strongly basic synthetic
resin contains trimethyl benzyl ammoni um groups attached
to a | arge styrene-divi nyl benzene copol yner backbone.
The resin occurs as a white to buff-colored, fine,



hygroscopi ¢ powder (1,2). The anion binding properties
of the resin depend on its physical characteristics,
such as cross-linkage, particle size, hydrophilicity,
and the environnment in which the resin exists, such as
type of bile salts present, relative concentration of
these bile salts, presence of anions such as chloride
and bi carbonate, and possibly its location in the G
tract. In vitro studies have shown that the binding of
bile salts to cholestyramne is not influenced by pH
and tenperature (4-8).

C. Phar macoki neti cs

Because the drug is not absorbed into the systemc
circul ati on, pharmacokinetic information i s not
avai | abl e.

I N VI VO Bl OEQUI VALENCE STUDI ES

The D vi sion of Bi oequival ence has concl uded t hat in vivo
studi es are not necessary to docunent the bioequival ence of
chol estyram ne resin formnul ations.

I N VI TRO Bl OEQUI VALENCE STUDI ES

Equilibriumand kinetic in vitro bile acid salts binding
studi es are recomrended to docunent bi oequi val ence between
generic and innovator formulations of chol estyram ne.

An equi librium binding study is conducted under conditions

of constant time and varying concentrations of bile acid
salts. The equilibriumstudies described in Sections II1/B
and II11/Cof this Interim Guidance should be conducted wth
and without acid pretreatnment of the drug product.

A kinetic binding study i s conducted under constant
concentration of bile acid salts with varying tines of
observation. The kinetic studies described in Sections
[I1/Dand Ill1/E of this Interim Gui dance shoul d be conducted
at two concentrations of bile salts (0.3 and 3 n).

A Product Information
FDA Desi gnated Reference Product: Questran R 4 gm

Resi n/ Packet (Bristol Mers) and Questran Light R 4 gm
Resi n/ Packet (Bristol Mers).

3



Generic Fornmul ation: The test batch or ot of the
generic formul ati on nust be manuf actured under
production conditions and nmust be of a size at |east
10%that of the |argest lot planned for full production
or a mninmumof 100,000 units, whichever is |arger.

Protocol for Equilibrium Study of Binding of Bile Acid
Salts to Resin in SIF Wthout Acid Pre-treatnent

(bj ecti ve:

To conpare the affinity and capacity binding constants
of bile acid salts to cholestyramne resin in a generic
formulation with that in the reference formulation
under identical experinental conditions.

Materi al s:

1. Sinulated intestinal fluid (SIF): 0.05 M
pot assi um phosphat e buffer sol ution without
enzyme, pH 6.8 (9).

2. Stock solution of bile acid salts in SIF. Prepare
in SIF a 40 nM sol uti on containing the sodi um
salts of the following bile acids in the nol ar
proportion 3:3:1: glycocholic acid (GCA), 17.14
mM gl ycochenodeoxycholic acid (GCDA), 17.14 nV
and t aurodeoxycholic acid (TDCA), 5.72 nM

3. Chol estyram ne powder: generic formulation and
reference drug product (Questran R or Questran
Li ght ).

Pr ocedur es:

1. | ncubation M xtures for Test and Reference Drug
Product s

Set up eight incubation flasks of the test product
and eight of the reference product, each
containing the equivalent of 10 ng resin. Add 2
m of SIF and soak at roomtenperature overnight.
The foll owi ng day, add to each contai ner the
requisite volunes of SIF and 40 nMbile acid salts
solution in SIF to nake the final volunme of the
solvent mxture 10 m with the target
concentrations of bile acid salts covering the
ranges of 0.1 - 30 nM (Table 1).
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TABLE 1: COMPOSI TI ON OF | NCUBATI ON M XTURES AND CONCENTRATI ONS
OF | NDI VI DUAL BILE ACI D SALTS AT VAR OUS TARGET
CONCENTRATI ONS | N EQUI LI BRI UM STUDY (M. STOCK SOLUTI ON
+ M SIF+2 M SIF =10 M)

TARGET STOCK SIF GCA GCDCA TDCA

(mv) (m) (m) (mv) (mv) (mv)

0.1 0. 025 7.975 0. 0428 0. 0428 0. 0143
0.3 0. 075 7.925 0. 1286 0. 01286 0. 0429
1.0 0. 250 7. 750 0. 4285 0. 4285 0. 1428
3.0 0. 750 7. 250 1. 2855 1. 2855 0.4284
7.0 1. 750 6. 250 2. 9995 2. 9995 0. 9996
10.0 2.500 5. 500 4. 2850 4. 2850 1. 4280
20.0 5. 000 3. 000 8. 5700 8. 5700 2. 8560
30.0 7.500 0. 500 12. 855 12. 855 4. 2840

2. Bl ank | ncubation M xture

Prepare four blank incubation flasks each

contai ning the drug product equivalent to 10 ny

resinin 2 m of SIF and soak at roomtenperature

overnight. The next day add 8 ml of SIF to each

bl ank. Two bl anks will be used for the test and

two blanks will be used for the reference product.
3. Standard Solutions of Bile Acid Salts

Dlute the requisite volunes of 40 nmM st ock
solution of bile acid salts with SIF to yield 10
m standard sol utions of the follow ng
concentrations: 0.1, 0.3, 1, 3, 7, 10, 20, and 30
m (n = 8).

| ncubation flasks for one set of experinents will thus
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include: 1) eight of the test product; 2) eight of the
reference product; 3) four blanks; and 4) eight
st andar ds.

I ncubate all 28 flasks at 37 °C for 24 hours. Filter to
collect the filtrate and assay the filtrate to

determ ne concentrations of the bile acid salts. After

i ncubation, the 0.1 nMstandard solution filtrate is
diluted with SIF to obtain the ninth standard with a
concentration 0.05 nM

The experinent should be repeated six tinmes under the
conditions descri bed above to obtain six sets of data.

Data Treatnent and Anal ysis

The amount of bile acid salt bound to chol estyram ne
resin is obtained fromthe difference between the
initial concentration of bile acid salt introduced into
the systemand the concentration present in the
filtrate at the end of the study. The nononol ecul ar
adsorption of adsorbate (bile acid salt) nol ecul es from
solution, at constant tenperature, on to an adsorbent
(cholestyramne resin) is described by the follow ng
Langnui r-type equation (5), Equation 1:

i: klkZCeq
m 1+leeq

Upon rearranging, Equation 2 is obtained:

Ceq _ 1 " Ceq
xI'm kk, K,
wher e:
Cq = concentration of the adsorbate (bile acid
salt) remaining in the solution at
equi librium
X = t he amount of adsorbate bound to the

adsor bent (chol estyram ne resin); and



m = t he anount of adsorbent used.

The constant, k ,, is defined as the adsorption
coefficient or affinity constant and is related to the
magni tude of the forces involved in the binding
process.

The Langmuir-capacity constant, k ,, indicates the
appar ent maxi mum anount of adsorbate that can be
adsor bed per unit weight of adsorbent.

Fromthe concentration of bile acid salt in the
solution at equilibrium the anount of bile acid salt,
expressed in mcronoles and as a percentage, bound to
10 ng of cholestyramne resin may be cal culated. From
this the anount of bile acid salt bound per ng of
resin, the relationship xmis calculated. A plot of
Co/ (X/ M) versus C ., on rectilinear coordinates should
yield a straight line. Application of regression
analysis wll yield a slope (a) and intercept (b) of
the line. The affinity constant, k ,, and capacity
constant, k ,, are calculated fromthe sl ope and
intercept as foll ows:

K, = a/b
Kk, = 1/ a

Statistical packages with nonlinear regression prograns
are available that yield k , and k, values directly.

Paranmeters To Be Reported:

Si x observations with mean + SD for the follow ng
paraneters shoul d be obtai ned and reported for both the
test and reference products:

1. Percent binding of bile acid salt to 10 ng of
resin at each concentration (tabul ar and graphi cal
forns);

2. Mcronoles of bile acid salts bound to 10 ng of
resin at each concentration (in tabular and
graphi cal forns);

3. Affinity constant, k ;



4. Capacity constant, k ,

5. Coefficient of determination, r 2, when |inear
regression is used to determne k , and k,.

Protocol for Equilibrium Study of Binding of Bile Acid
Salts to Resin in SIF Wth Acid Pre-treatnent

(bj ecti ve:

To conpare the affinity and capacity constants of
binding of bile acid salts to cholestyramne resinin a
generic formulation with that in the reference
fornmulation after acid pre-treatnent of both the
products.

Materi al s:

1. 0.1 N hydrochloric acid

2. G her materials as in Section B
Procedur es:

Soak the test and reference drug products equivalent to
10 ng of resinin 10 m 0.1N hydrochloric acid at 37 °C
for 1 hour. GCentrifuge and aspirate the supernate.

Wash the drug product with SIF until pH 6.8 is

attained. Soak the acid pre-treated resin product in 2

m SIF at roomtenperature overnight. Conduct the

remai nder of the experinent as described in Section B.

Protocol for Study of Kinetics of Binding of Bile Acid
Salts in 0.3nmM Agqueous Solution in the Presence of
Added Sodium Chloride (0.1 M

(bj ecti ve:

To conpare the kinetics of binding of bile acid salts
to chol estyramne resin in a generic formulation with
that in the reference formulations (Questran R and
Questran Light R) under identical experinental
condi ti ons.



Materi al s:

1. Stock solution of sodiumsalts of bile acids:
prepare a 40 nmM sol ution containing sodiumsalts
of the following bile acids in the nol ar
proportion 3:3:1 in water: gl ycocholic acid
(C&CA), 17.14 nmM gl ycochenodeoxychol ic acid
(&), 17.14 nM and taurodeoxycholic acid
(TDCA), 5.72 niM

2. 0.1 Msodiumchloride in water.
3. 1.0 Msolution of sodiumchloride in water.
4. Chol estyram ne powder: generic formulation and

reference drug formulations (Questran R and
Questran Light R).

Pr ocedur e:

1. | ncubation Mxtures for the Test and Reference
Drug Products

Soak the drug product equivalent to 10 ng resin in
2 m of 0.1Msodiumchloride solution at room
tenperature overnight. To this add quickly 0.075
m of 40 nMbile acid salts solution in water, 0.8
m of 1M sodiumchloride stock solution, and 7.125
m water to obtain a final volune of 10 m fluid
with a bile acid salts concentration of 0.3 nM
Prepare eight replicates of the incubation mxture
as described above for the generic product and
eight replicates for the reference drug products

(Table 2).
TABLE 2: COMPOSI TI ON OF | NCUBATI ON M XTURES AND CONCENTRATI ONS
OF INDI VI DUAL Bl LE ACI D SALTS AT TARGET CONCENTRATI ONS
CF 0.3 AND 3.0 mM I N KINETI C STUDY (M. STOCK SOLUTI ON +
M. WATER + 0.8 M. IMNACL + 2 M. 0. 1M NACL = 10 M)
TARGET STOCK WATER 1M NaC GCA GCDCA TDCA
(mV) (m) (m) (m) (mV) (mV) (mV)
0.3 0. 075 7.125 0. 80 0. 1285 0. 1285 0. 043
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3.0

0. 750 6. 450 0. 80 1. 286 1. 286 0. 428

2. Bl ank | ncubati on M xtures

Soak the drug product equivalent to 10 ng of resin
in2m of 0.1 Msolution of sodiumchloride at
roomtenperature overnight. Add 8 mi of 0.1 M
sodiumchl oride solution, incubate for 24 hours at
37°C, filter, and collect the filtrate. At |east
two such bl anks shoul d be prepared for each drug
pr oduct .

3. Standard Sol utions of Bile Acid Salts

Prepare two standard solutions of bile acid salts
of concentrations 0.1 and 0.3 nmMin water by
adding, to requisite volunmes of 40 nMstock bile
acid salts in water, 1 m of 1.0 Mstock sodi um
chloride solution and water to yield a final
volune of 10 m. Incubate the two standards at
37°C for 24 hours, filter, and collect the
filtrate. Additional standards of concentrations
0.05 and 0.075 are obtained fromthe filtrate of
0.1 nMsolution by dilution with 0.1 M sodi um
chloride solution. Additional standards of
concentrations 0.15 and 0.21 mM are obtai ned from
the filtrate of 0.3 mMMsolution by dilution with
0.1 M sodi um chl oride sol ution.

In one set of experiments, there will be eight

i ncubation mxtures wth the test product and ei ght
with each of the reference products; six bl ank

i ncubation mxtures; and two standard solutions of bile
acid salts. Each of the incubation mxture containing
the test or reference drug product is incubated at 37
for its designated time of incubation (0.25, 0.50, 1,

2, 4, 8, 16, or 24 hours), filtered, and the filtrate
collected to determne the concentrations of the bile
acid salts.

Data Treatnent and Anal ysi s:
The anount of bile acids salts bound to the resinis
calculated fromthe initial concentrations of bile acid

salts introduced into the systemand the concentrations
of bile acid salts present in the filtrate at the
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designated tine points. Fromthese values, bile acid
salt bound to 10 ng of resin, expressed as percent and
m cronol es, at each tinme point are cal cul at ed.

The experinent should be repeated six times under the
condi ti ons descri bed above to obtain six sets of data.

Paraneters To Be Reported:
Si x i ndividual observations wth nean + SD for the
foll owi ng paraneters should be reported for both the
test and reference products:

1. Percent binding of bile acid salt to 10 ng of
resin at each tine point in tabular and graphi cal

forns; and

2. Mcronoles of bile acid salt bound to 10 ng of
resin at each tine point in tabular and graphi cal
forns.

Protocol for the Study of Kinetics of Binding of Bile
Acid Salts in 3 mM Agueous Bile Acid Salts Solution in
the Presence of Added Sodium Chloride (0.1 M.

(bj ecti ve:

To conpare the kinetics of binding of bile acid salts
to chol estyramne resin in a generic formulation with
that in the reference formulations (Questran R and
Questran Light R) under identical experinental
condi ti ons.

Materi al s:

1. Stock solution of sodiumsalts of bile acids in
water: prepare as described in Section D.

2. A solution of 0.1 Msodiumchloride in water

3. A solution of 1.0 Msodiumchloride in water

4. Chol estyram ne powder: generic formul ation and
reference drug products (Questran R and Questran
Li ght F)

Pr ocedur es:
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| ncubation Mxtures for the Test and Reference
Drug Products

Soak the drug product equivalent to 10 ng resin in
2m of 0.1 Msodiumchloride solution at room
tenperature overnight. To this add quickly 0.75
m of 40 nMbile acid salts solution in water, 0.8
m of 1 Mof sodiumchloride stock solution, and
6.45 M water to obtain a final volune of 10 ni
and bile acid salts concentration of 3.0 niM
Prepare eight replicates of the incubation mxture
each for the generic product and the two reference
products.

Bl ank | ncubati on M xtures

Prepare as described in section D above.
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3. Standard Solutions of Bile Acid Salts

Prepare two standard solutions of bile acid salts
of concentrations 0.1 and 3.0 MMin water by
adding, to requisite volunmes of 40 nM st ock
solution of bile acid salts in water, 1 m of 1.0
M stock solution of sodiumchloride and water to
make the final volume 10 m. Incubate the two
standards at 37 °C for 24 hours. Additiona
standards of 0.05 and 0.075 niM are obtai ned from
the filtrate of 0.1 nMsolution. Additiona
standards of 0.3 and 1.0 nM are obtai ned fromthe
filtrate of 3.0 nMsolution by dilution with 0.1 M
sodi um chl ori de sol ution

In one set of experiments, there will be eight

i ncubation mxtures for the test product, eight with

each of the reference products, six blank incubation

m xtures, and two standard sol utions of bile acid

salts. Each of the incubation mxtures containing the

test or the reference drug product is incubated at 37 °C
for its designated time of incubation (0.25, 0.50, 1,

2, 4, 8, 16, or 24 hours), filtered, and the filtrate
collected to determne the concentrations of bile acid
salts.

The experinent should be repeated six times under the
conditions descri bed above to obtain six sets of data.

Data Treatnment and Anal ysi s:
As in Section D above.
Facilities

The anal ytical facility used for the study should be
identified. The names, titles, and curriculumvitae of
the scientific/analytical directors should be included
in the study report.

Retenti on of Sanpl es

The | aboratory conducting the bi oequi val ence testing
should retain an appropriately identified reserve
sanpl e of the test and reference drug products used in
the in vitro testing. Each reserve sanpl e shoul d
consi st of at |east 200 dosage units. For nore
information refer to CFR 21, 320. 32.
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