CHAPTER III

MATERIALS AND METHODS

MATERIALS

Reference product

Miacalcic® Nasal Spray

g

Hydrochloric ‘acid “AR grade, L
Thailand )

N-acetyl-cys' calcitonin EP( '
Refereng C02 (
Directoratesfor, the Quality Medicines (EDQM), Strasbourg, France

- Peiohd ARG i G, Geman

8. Salmon calcitonin EPSRS (European Pharmacopoeia Control Reference

= L
R TR B R LT L e s
q I g al), cil of Europe/ Eu: Dife for the Quality
Medicines (EDQM), Strasbourg, France

9. Sodium dihydrogen orthophosphate AR grade, Lot. No.A768946, Merck,
Darmstadt, Germany

~

10. Tetramethylammonium hydroxide pentahydrate AR grade, Lot. No.
420275/1, Fluka, Switzerland
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Nasal Spray Device Components

L,

Actuator 29 nasal spray integrated insert, Product No. 58405, Batch No.
80013576, Ing. Erich Pfeiffer GmbH, Radolfzell, Germany )

Glass bottle (crimp 20), Klarglas 3.5 mL, Product No. 33713, Batch No.
80013576, Ing Erich Pfeiffer GmbH, Radolfzell, Germany

Spray pumps (0.091 mL per actuation), crimp diameter 20 mm, Product
No. 49013, Batch No. 80013576, Ing. Erich Pfeiffer GmbH, Radolfzell,

Germany ‘}h\i\‘t\\\ ' / //Z/-—

Apparatus .
1. Analytical(‘ 8 etl&?kw:tzerland
2. Analytic & f" it:mer Toledo, Switzerland
3. Crimpin C 'I rcxal Suppliers Co., Ltd., Bangkok,
Thailand — 0\ \
4. Digital pH ) 4204, sachusetts, USA
5. Gamma count ,*'. ] t Company, USA
6. HPLC colu 32017 ialty reverséd phase stainless

8.
9.

steel column ons_'ﬁ%@ of
chains bonded to ],"Pjsil'_ a), We size with 300 A° pore size, 250 x
4.6 mm,,brace Vydac, Hespena, m !

Nailesedjreat Britai - y_j

Mixer, Luckham multimix majo&ﬁermany

FHHFRBATHEYRG

10. H6t air oven, Memmert, Schwabach Germany

QIR Y e o

12 RIA kits for salmon calcitonin, Lot. No. 10313 Expire date 30-12-03,

Diagnostic systems laboratories, Inc., Webster, Texas, USA

13. Vortex mixer (Vortex-Genie, Scientific industries, Inc., USA

14. Vortex mixer, SP Multitube vortexer, Scientific product, Baxter, USA

15. High performance liquid chromatograph, pumps (model LC- 10A), a

communication bus module (model CBM-10A), an autoinjector (model
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SIL — 10A), a column oven (model CTO-10A), a UV detector (model
SPD-10A) Shimadzu, Japan

16. Column Sonicator, model Bransonic 221, Branson, USA

17. Micropipets, Gilson Medical Electronics S.A., France

18. Glassware

AULINENINYINT
IR TAUIM TN
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METHODS .
1. Assay of Salmon Calcitonin Powder (Standardization)

Firstly, the lyophilized powder of salmon CT (Bachem®, Switzerland) was
determined for peptide content by reverse- phase gradient, high performance liquid
chromatography (HPLC) according to the method of European Pharmacopoeia (2002)
and British Pharmacopoeia (2002). It was described as follows:

1.1 Preparation of Standard Reference Solution
The whole content \t’n eference standard in the vial (salmon
calcitonin EPCRS, with a dec‘lu,qd cont / 145H240N44043S2 of 1.00 mg) was
dissolved in mobile phase A Ma cog;ent .0 mg/mL. It was subsequently

pg/mL us %moblle phase A.
sl o"\“~

°T~ powder (Lot M0547992 Bachem®) was
ifh mobite p

volume was then adjusted lleglgm

of the stock q,so tion was pipetted into 2 100.0 mL-

ile phase A. The final concentration was

diluted to obtain a conce

A ina 10 mL-volumetric flask. The

e tcsxﬁtant solution was used as a

40 pg/mL. (T Tl
1.3 Preparation of Mg)ﬁlé Phasm___

Moblh phase A: 3 26 g of _mgﬁ lammonium hydroxide

pentahydrate was disso e in 900 m ater, & pH was adjusted to 2.5 with

orthophosphoric acid. 'l‘:ﬂe solutia mixeiuwnth 100 mL of acetonitrile,

filtered and degassed.

ﬁlﬂ E}ﬂq qﬁ U % W ?} ﬂv monium hydroxide

pentahydrate was|dissolved in 400 mL of water an as adjusted to 2.5 with

e N PIUEG N (01 R

1.4 High Performance Liquid Chromatographic (HPLC) Conditions

The chromatographic procedure was carried out using Shimadzu HPLC
gradient system consisting of:
Two HPLC pumps (model LC- 10A), a communication bus module (model CBM-10A),
an autoinjector (modol SIL - le), a column oven (model CTO-10A), a UV detector
(model SPD-10A) and a computerized integrator.
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Column: Vydac ® 201 TP 54, a specialty reversed phase stainless steel
column consisting of octadecylsilyl silica gel (C18 hydrocarbon chains bonded to TP
silica), Sum particle size with 300 A° pore size, 250 x 4.6 mm (Grace Vydac, Hesperia,

CA, USA).

Flow rate: 1.0 mL/min.

Detector: UV spectrophotometer set at 220 nm
Temperature: 65°C = -
Injection volume: 50l | w |
Retention time: ~18-21 for @

Chromatographic system: Th: asdluﬂmh a mixture of 72 volumes of

mobile phase A and 28 v

Time Mobile p @
omment
(min)
0-30 Linear gradient
30-32 : | Switch to initial eluent
- A ~ — | conditions
D 3
32-55 7‘22‘ Y 28 Re- equilibration
' ‘ —

d

50 p.l of the reference and the test solutions was subsequently injected and
the peak afobs{der] bblied o, bl ehroadgrany | P dofet bt salmon CT
(C|45H240N44&4882) in the test solution was calculated from the peak areas in the
chromatograms obtained from the test solution and the reference solution (salmon
calcitonin EPCRS) and expressed as the content of net peptide C;45sH240N44048S; in the
test powder. Both the European and British Pharmacopoeias (EP 2002, BP 2002) state
that salmon CT contains not less than 90.0% and not more than the equivalent of 105.0 %
w/w of the peptide C45sH240N44048S;, calculated with reference to the anhydrous, acetic

acid-free substance. Also, by convention, for the purpose of labeling salmon CT
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preparations, both pharmacopoeias state that 1 mg of salmon CT (C145sH240N44043S7) is
equivalent to 6,000 I.U. of biological activity.
Thus, the net content of salmon CT, expressed as % peptide excluding

water and acetic acid contents (CiasH240N44O4sS2), was calculated by Equation I as

follows:

% Net peptide content = Aswp X Mg (mg) x Vspm (mL) x 100 «Eq. 1

Where:

Asmp = peak area of

Mr = mass of referefice 3 bstan ¢ uséd in preparing reference solution
= declared cog ‘ EPCRS vial (1.00 mg)
= 1.00 mg net

Vspm = volume of sam

100 = conversion

Ar = peak area of re rai

Msmp = mass of salmon C u@ﬁsaﬁ e soluti

Vr = volume of reference

CT, the net peptide content
(percent net peptide oBame an@sis) was compared with the
unassayed peptide content éeercent peptlde remaining after subtracting the water and

e °°ﬂ"?3ﬁ‘?ﬂ‘ﬁ°m WHIN3
%Assq(wﬂj aaﬂW’“ﬁﬁ h El’] a E] ~Eq. 11

H,0
AcOH

water content of the test substance in % w/w = 4.2% w/w

acetic acid content of the test substance in % w/w = 11.1% w/w
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The contents of water and acetic acid were taken from Bachem’s
certificate of analysis for salmon CT, Lot No. 0547992. The percent net peptide content
was needed during the preparation of the nasal spray such that the correct quantity of
salmon CT, available as hydrated acetate salt, was used to produce solutions with desired

peptide activity, i.e., 100 and 200 I.U. per actuation.

2. Assay of Water and Acetic Acid Contents

Water content by Karl Flsh ‘l #
The water content ined by volumetric Karl Fisher

Titration ~

Instrument: 7 aka ?
Karl Fisher Tifrat \\

Determination of the tri -

20 mg of the Km\a& dehydrate) was accurately
weighted and was immedi pretitrated hydranal solvent. The
solution was titrated using n int will be found automatically,
and the equivalence factor a :‘ yereent (m/m) water.

Titration: -"l_.__‘:— w |
20 mg of salmon CT “was aonurateMed and immediately dissolved in 35

mL of pretitrate hydxg‘hal solvent. The solutlon w i

end point will be found automatically, and the

percent (m/m) water. ‘Ij h : LIJ
Acetic content by

i e %ﬁ%ﬁ”%ﬁﬂﬂ"%m s 1

using uv detectiofilat L =210 nm

TR DAL TN IR

mL volumetrlc flask and diluted to volume with water.

ng hydranal titrant. The

factor was displayed in

Acetate standard preparation:
Stock standard solution: 0.8 g of potassium acetate standard was accurately
weighted, dissolved in a 500 mL volumetric flask and diluted to volume with water.
Standard solution: the stock standard solution was diluted to volume with
water in 100 mL volumetric flasks to prepared the following standard solutions
(approximately 100, 200, 300, 400, 500 pg/mL of acetic acid)
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Comparison solution: 250 mg of potassium acetate standard was accurately
weighted, dissolved in 500 mL volumetric flask and diluted to volume with water.
Chromatographic conditions:

Column Spherisorp ODS, Sum (250 x 4.6mm)

Temperature Ambient

Elution Isocratic elution

Mobile phase 0.10 M H3PO4 + 0.007 M NHj3 in Water: methanol =

el ”\!'////

Detection

Calculation: / ) “'ﬁﬁ-
The acetic n f \was calculated by means of
.l‘, &

Cad

linear regression.

follows:

547992, Bachem, Switzerland),
C ) S, was accurately weighed using
a seven digit microbalance (Mctt!;f—Tole o M IS, _Switzerland). This amount has been

et D e i

calculated in excess lj& takmg into account the cmmg“e and acetate present in the

-

overage) such that the gsnred :
2. Salmon CT was the then dissolved in &g % normal saline for injection.

3. Beﬂnﬂa %Q?ﬂr ﬁaﬂxﬁ%ﬁﬁmw to make the final

concentration of 0.1 mg

~JHIATSH TR -

5 The osmolarity was then adjusted to about 290 — 310 mOsmol by the gradual

addition of NaCl and checked with osmometer. The volume of the solution was finally
adjusted with normal saline to 500 mL

6. The solution was filtered through a 0.2 pum cellulose acetate membrane
(Minisart®, Sartorius, Goettinge\n, Germany) under laminar-airflow hood for sterilization
and then 2.0mL of the solution was filled in each of the pre-sterilized Klarglas bottles

(Figure10, part no.1), which was specially designed to fit with the spray pump.
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7. The sterile spray pump (Figure 10, part no. 2) was placed on the top of the
filled bottle before being crimped with the crimping machine as seen in Figure 11.

8. The pump was then fitted with an actuator (Figure 10, part no.3) before being
covered with the protective cap (Figure 10, part no. 4)

9. Finally the finished product was labeled with batch no., concentration in IU,
and the manufacture date.

10. Vials of the finished produg were divided in half to be kept at 4°C and 30 °C
for quality testing. For 200 IU fo atio amount of salmon CT was doubled as
shown in Table 5. Both formul
(2 batches each) for quality:

/spray) were prepared in duplicate

AULINENINYINT
RN IUNRINYIAY
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Table 5 Formulas of salmon CT nasal solutions (100 and 200 IU per spray)

Ingredient Salmon CT Nasal Solution | Salmon CT Nasal Solution
100 IU per spray 200 I'U per spray
Salmon CT 0.219 mg 0.438 mg
Amount with 10 % excess 0.482 mg
Isotonic adjusting agent qs
pH adjusting agent qs
Preservative 0.1 mg
0.9% Normal Saline gs 1 mL

AULINENINYINT
ARIANTAUNNIING 1A Y




43

Table 6 Tests and specifications for finished product of salmon CT nasal sprays (Both
100 and 200 IU per spray). Each test was performed in duplicate for all batches.

Real-time storage at | Accelerate temperature at 30 °C
Tests 4°C (month) (month)

0 3 1|6 12 |0 1 2 3 4
1. Assay
1.1 Salmon calcitonin | / |/ / / / /
1.2 Calcitonin C o | /S / / / /
1.3 Related peptide : /
2. Uniformity of mass W — / / /
3.pH 4 1 /
4. Sterility / a2 /
5. Osmolarity / B 1 1 /
b |
6. Clarity | Bl / / / /
7. Other tests ’”1 E :
7.1Particle size R
L SR R
distribution / == /
7.2 Spray ang
spray pattern t —t :
7.3 Leak test

T TN S
RN INUNINYA Y
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Figure 10 Parts of nasal itle (Ing, Brich Pfeiffer GmbH, Radolfzell, Germany);

‘ \
1 = Klarglass bottle 3.5 eter 20 mm), 3 = Actuator,

4 = Actuator Cover

\Z
';|

AULINENINYINT
RN IUNRINEIAY
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4. Stability Test
The stability studies consisted of real-time testing under recommended storage
condition (long term storage at 4 °C) and accelerated stability testing at 30 °C. Test
conditions followed the Guidelines for Stability Testing of Pharmaceutical Products set
by World Health Organization (WHO Technical Report series, No.863, 1996).
The two batches of each formula were sampled in accordance with a

predetermined schedule (Table 7).

Table 7 Stability testing sc QF real-&accelerated studies

5

0,1,2,3,4
S

2 0,3,6,12

into two groups. The first 40 vi jvme ke

.rr",

Vials of both strengths 6f m—"c “nasa ;hys (100 and 200 TU) were divided
°C in a controlled temperature oven

for 4 months and the s;h’hlar quantlty waé kept in the refri rator at 4 °C for 12 months.

All of them were covere from light. Sample vials were

taken periodically from tja{) productic etermi@d salmon CT content as well

as other tests such as uniformity of mass, clarity, osmolarity, sterility and pH according to

e sampiing sy i bl ?:J NINEINS
e LAY ?Mﬂﬁm%‘ﬁ@‘] NUIREY

The'amount of salmon CT in each delivered dose was determined by applying the
assay method of salmon CT injection as well as the general monograph for the nasal spray
solution as directed in the British Pharmacopoeia (BP 2002). It was described as follows:

5.1 Preparation of Test Solution
The nasal spray ‘bottles were removed from the controlled temperature
storage place (30 °C or 4 °C). They were placed for 30 min to reach the ambient
temperature. The first spray was discharged once to waste; waiting for not less than 5 sec

and the second spray was discharged again. The procedure was repeated for a further
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spray. The next delivered-doses of ten sprays were collected into a 10 mL glass bottle and
then they were transferred, with appropriate rinsing with the medium, to a 10-mL
volumetric flask and diluted to volume with 0.1 M sodium dihydrogen orthophosphate
(adjusted to pH 4.0 with orthophosphoric acid) and mixed gently. The final concentration
of the test solution was about 100 I.U. of salmon CT (Ci4sH240N4404gS2) per mL for 100
1.U. strength, and 200 L.U. of net peptide per mL for 200 L.U. strength respectively.
5.2 Preparation of Working Standard

About one mg of salrhc*n . No. 0547992, Bachem), previously

standardized against the salmqqhghalm_tomn jas accurately weighed, dissolved

and diluted with 0.1 M sodium diliydrogeh orthiopliosphate solution (adjusted to pH 4.0

with orthophosphoric acil sol thl’l w:%ntmion equivalent to the net

peptide  (CiasH240N44O: o mL Since “one mg of salmon CT

(C145H240N44048S2) W _\u;v eg}‘ to 6 000 I.U. of biological activity, the

solution of tetramethylamm iu@jﬁ}ﬁmxi@hy ate with 150 mL of acetonitrile.

——

The solution was adjusted to pH.2.5 with ormhonc acid, filtered through a 0.5 pm

membrane filter or f@e\ porosity and ﬁnally Mf)ﬂe phase B was prepared
by mixing 450 m l . o amethylammonium hydroxide

pentahydrate with SQJrnL of acetoni ¢ pH was adjusted to 2.5 with
orthophosphoric acid follawgd by filtration through a 0.5pm membrane and degassing.

safbducioradim?) Y] 3 WEI 19

“The chromatographlc procedure was carried out usmg the same HPLC

im0 WOV UL PN 15 el

Flow rate : 1.0 mL/min.
Detector : UV spectrophotometer set at 220 nm.
Temperature :40°C

Injection Volume  : 50pL

Retention time : ~ 18 — 21 min for salmon CT
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The gradient elution program: The column was equilibrated with a
mixture of 35 volumes of mobile phase A and 65 volumes of mobile phase B, followed by

a gradient elution program as described below.

Table 8 The gradient elution program operated for salmon CT in nasal solution.

Time Mobile p&%‘ ’ ) /ﬂblle phase B Comment
. o

(min)

0-21 Linear gradient
21-32 Switch to initial
eluent conditions
32-50 Re- equilibration
043S;) per actuation was
calculated by firstly in lating the cone ide in the test solution from

the standard callbratloﬂcurve € peptideﬂ}oncentration (ng/mL) was

converted into tota amounf(ﬁ mmultlplymg' with factor 10. The average amount per

spray was then of u SJ ﬂmam&fﬂ ﬂtﬁ 10. After multiplying

with factor 6, the averaged amount delivered per spray was finally conyerted to biological
e s ] 1) 30 31181716
5.5 Standard Calibration Curve

One mg of previously standardized salmon CT (Lot. No. 0547992,
Bachem) was accurately weighed, dissolved and adjusted to 10.0 mL with 0.1 M solution
of sodium dihydrogen orthophosphate (pH 4.0) to obtain a stock solution with peptide
(C145H240N44043S;) concentration of 0.1 mg/mL.

Aliquots of stock solution was transferred by pipets at volumes of 400,

300, 200, 100, 50, 25 and 10 pl into 1-mL volumetric flasks and diluted to volume with
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0.1 M solution of sodium dihydrogen orthophosphate (pH 4.0). The final concentration
of each solution was 40, 30, 20, 10, S, 2.5, and 1 pg/mL, respectively.

All these standard solutions were analyzed following the same procedure
as described earlier. The peak areas of salmon CT (C45H240N440O43S;) were plotted versus
their known concentrations and fitted to straight line using linear regression analysis.

5.6 Assay Validation

5.6.1 Accuracy

Five conceg\ra(\\* Z;dard salmon CT in 0.1 M sodium

dihydrogen orthophosphate (K were or peak areas (five replicates for

each concentration). lP‘ms ere ed by interpolation from the
standard calibration cu npared v "ﬂﬁb\cf{:twe nominal values. The

‘ m\n\q (% Recovery) should be
w. v \

d salmon CT (40, 10 and 1

accuracy was calculat
within 80 -120 %.

pg/ml) in 0.1 M sodium ; ’ 7 hate 4.0) were analyzed within the
same day (five replicates per oncéml‘auon) gcen coefficient of variation (C.V.) of
estimated concentration was determ _,ﬂad onccntratlon level. The precision
determined at each c%n‘entratlon level Mﬁ e C.V.

tween run presicion Jh

jThree co 0 standarﬂjsalmon CT (40, 10 and 1
pg/ml) in 0.1 M sodiumg¢dihydrogen orthophaosphate (pH 4.0) were analyzed on five

different days. ﬂ Hn%.jt %&q E:J W%?.W(E\J ﬂrﬁ?imated concentration

was determined ‘at each concentratlonajevel after five days The precnsnon determined at

=~ RN TN e

the same buffer. This concentration was near the concentration of the test solution. It was
injected 6 times and the resulting peak areas were interpolated from the standard curves.
The average and S.D. of the estimated concentration was obtained to test for respectively
of the method.

\
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6. Related Peptide in the Nasal Sprays

Since there is no specific monograph for salmon CT nasal preparations, other
testing specifications apart from the percent labeled amount and uniformity of mass per
spray were taken from the monograph for calcitonin (salmon) injection BP 2002. As the
two dosage forms are similarly present as a clear solution, many of the testing
specifications required for the injection can be applied to the nasal spray solution such as
the contents of related peptide and calcitonin C (see—section 7). The related peptide
content of the two nasal formulationQ\ f ated by HPLC. The chromatographic
system, as applied from calcitonj@méh 11%!’ 2002, was as follows:

Column: a stainless steel-column @5 cﬁﬂmm) packed with octadecylsilyl
silica gel for chromatogra?"/ H

Mobile phase A: 3.
dissolved in 900 mL of j

The solution was then mi

.

Detection wavelength:

Flow rate: b
Temperature: > ‘

Chromatographic‘éjstem: ~ The coly S € quﬁbrated with a mixture of 72

volumes of mobile phase A ﬂand 28 volumes of mobile phase B. The gradient was carried

oo o FAIH NN N MYS
ﬁ;ﬁﬁ"ﬁ‘#ﬂ"ﬁ'ﬂm e ia g

Time Mobile phase A Mobile phase B
Comment
(min) % v/v % v/v
0-30 72 — 48 28— 52 Linear gradient
Switch  to initial
30-32 48 — 72 52 — 28 .
eluent conditions
32-55 72 28 Re- equilibrattion
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For solution (1) the content of a nasal spray bottle was diluted with mobile phase
A to give a final concentration of 40 pg/mL of salmon CT. For solution (2), the content
of a vial of N-acetyl-cys' calcitonin EPCRS was dissolved in 0.4 mL of mobile phase A,
diluted to 10 mL with mobile phase A and finally, 25 pul of solution (1) was added to
obtain solution (2). 50 pl of solutions (1) and (2) was separately injected into the

chromatograph.

The relative retention time of N l-cysl calcitonin in solution (2) should be
about 1.15 relative to the pr1nc1plc ke was not valid unless the resolution
factor between the peaks corrcspgndmg toca N-acetyl-cysl calcitonin was at

least 5.0 and the symmetw_ the‘!ll-acetyhcysiiealcitonin peak was not greater
than 2.5 - N

In the chromatogra

& th olﬁtion (1), ﬂ\??ma of any secondary peak is

-

not greater than 3 % of ' all e,pqaks and the sum of the areas of any such

7. Calcitonin C
Both nasal formulations ’Mré eval@r calcitonin C, which is the heat-
generated degradation product of _galcﬁ:enm mLC procedure was the same as that

used for determmmg_tbe peptide content in tszectlons 53-54). To
obtain the reference s i

ition of calcltonm C, the of a nasal spray bottle was
¢ tube was_bven-heated at 75 °C for 15
hours prior to injecting inte the chromatographg »

Passing ﬂt% &J @ W%ﬁ’%‘&}q tﬁ @mon the peak due to

calcitonin C is the largest peak to elgte after the mjectlon buffer salts and before the

calcitonin C and salmon CT from this chromatogram is at least 3.0. Also, in the

removed and transferred_,to a glass test tube.

chromatogram obtained with the test solution (section 5.1) the area of any peak
corresponding to calcitonin C is not greater than 7 % by normalization.
8. Acidity
Before filtration, the two nasal formulations were measured for their acidity with a

pH meter. If necessary, the pH was adjusted to a preferable range of 3.5 t03.9. The pH
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was also rechecked for stability evaluation, i.e., after 4-month storage for samples kept at

30 °C and after 6 months for samples kept at 4 °C.

9. Osmolarity
The two nasal formulations were measured for their osmolarity prior to filtration.

If they were not within the isotonic range of 290 — 310 mOsm/kg, the tonicity was

adjusted by NaCl addition. At the end of the stability testing period the samples were also -

rechecked for their osmolarity. \ \\ ' ,//

10. Clarity — -
The clarity of the solution wa _obsdrved-mpection. The solution must

be colorless, transparent

-y
%

-
11. Sterility Test

Ten vials of e andé sent to the Microbiology
f the test procedure are provided in

the numbers of contaminated

12. Uniformity of B_}ass
The samples mibsteo

i

solution according to thef llowing procedure:

‘ etered-dose nasal spray

.
-t
'

- Take the two formulations (ten bottles each)%om their storage conditions

¢
e R T RN 03
-@ e protecti ‘Ija is IEfLe of each formulation

once to waste, waiting for not less than'5 seconds and«discharge again to-waste
o Pl b pesid ke kb 1) |61 £
1 . Weigh the mass of the bottle, discharge once to waste and weigh the
remaining mass of the bottle
- Calculate the difference between the two weights
- Repeat the whole procedure for a further nine bottles and calculated the
average of ten bottles '
They comply with the test if not more than two of the individual values deviate by

more than 25 percent from the average value and none deviates by more than 35 percent.
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13. Droplet Size Measurement

Both salmon CT nasal pfeparations (100 and 200 IU) were sent to Erich Pfeiffer
GmbH, Germany to test for the droplet size and droplet size distribution using laser
diffraction method. Sample products were sprayed at an angle of 60° into the laser beam.
Droplet size distribution are determined in terms of ranges for the D10, D50, D90, span
[(D90-D10)/D50], and percentage of droplets less than 10 pm. The value D10, D50 and
D90 are the volume median diameters, these are 10 %,50% and 90 % respectively of the
total volume of liquid is in drops of s"maiwr iameter and 90 %, 50 % and 10 %
respectively is in drops of larger diameter. W@iﬁ;}distribuﬁon is normal or Gaussian

distribution the value of med.iE.iLdiameter,@SO Will?x?éﬂy illustrate the mean of droplet
size. _—

According to CDEK

iidedance for Industry, Nasal spray and Inhalation

solution, Suspension, a roducts Chemistry, Manufacturing, and Controls
- a4

S fhg pEp;bo formulations which contain the same
r the drug grodéctﬁ The placebo A and B were prepared for

& . -'IJ_. . . .
spray ,§9‘1Ut199;}}9 Ehe same specifications (pH osmolarity

-

Documentation, it is possi
characteristics to substitute
use as the representative nas

and same preservative) as CT rlnjisal pr@%ration 100 and 200 IU, respectively.

FE o ';"-..‘f 1
S eSS P

————————

14. Spray Pattern

¥ i
.—.-_;,;"- i

Spray pattern was determiﬁeZi (by asséési-ng the shapej_ﬁlg_d size of the spray after
Y —

actuating the spray pdx_ﬁi:ﬁ pre-determined angles on a b‘éﬁg{idn surface (like a piece of
paper). Both salmon C’I:ﬁasal preparations (100 and 200 I@ were sent to Erich Pfeiffer
GmbH, Germany, for testing. The test solution was first dyed with 0.2% methylene blue
to make the spray pattetn visible. After firing the spray pump onto the paper surface.
The longest (Dmax) and the shortest (Dmin) diameters of each stain were measured by
opitical scanning.and.image analyses, The size of the stain was obtained by averaging the
values of Dmax and Dniin' wheteas the Spray shape Wwas indicated by the ovality ratio,
which is the ratio of Dmax to Dmin as shown in Figure 12.

For valid assessment of the spray pattern, the testing conditions must be specified
like the spray distance between the nozzle and the collection surface, number of sprays
per spray pattern, position and orientation of the collection surface relative to the nozzle,
as well as the visualization proc\edure. The acceptance criteria for the spray pattern

include the shape (e.g., ellipsoid with a relatively uniform density) as well as the size of
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the pattern (the ratio of the longest to the shortest axes should lie within a specified range,
e.g., 1.00 - 1.30).

In addition to, the spray angle was determined from the maximum diameter of the
spray (Dmax) and the distance between the nozzle and collection surface (Figure 12).

For the nasal spray solutions, the test can be performed on a placebo formulation
contained inside the same type of pump and bottle. The results, if passed, can substitute

for the release testing of spray pattern for the drug product (CDER, 2002).

Ny

ﬂ‘MEJ?J‘VIEmiWEJ’Tﬂ‘i

Figure 12 Image analg;sns of spray pattem and spray angle

ARIANN TN UAIAINYA Y

15. Leak Test
After crimping, 10 bottles of salmon CT nasal spray were tested for leakage at the
gasket between closure and bott\le as well as for the pump tightness by placing samples at
300 mbar under vacuum bell jar for 5 min. The tests were conducted and reported by

Mary Commercial Suppliers Co., Ltd., Thailand.
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16. In Vivo Study
The methodology used in this study followed the recommendations described in
“Guideline -for Bioequivalence Study of Generic Drugs”, Drug Control Department,
Office of Food and Drug Administration, Thailand, 2000. The study was a randomized,

two-way crossover with a Latin square design. The details are described as follows:

16.1. Products
Miacalcic® nasal spray manufactured by Novartis® (Batch no.H3034
Mfg. date 07-2003 Exp. date 07-2006) i as the innovator’s product whereas
the 200 IU strength of salmon\CT:‘nasai fo Batch no. 200-II Mfg. date 05-
2003) was assngned as the - et

Twelv o ehﬁpated in this study. Their

ind Table 56, Prior to testing, all subjects
ry. test;“ Information was provided

in from alcoholic preparations and
ttes for at least tw. be ti
c1gare es for at least two weeks f {ejnd;d%n ire study period.
16.3. Inclusion Criteria

and‘i‘l_a'pdy mass i ' 024 @mz
2. Normaat g___zsncal and labor%gry chemical tests

ﬂ E Ejt@ %gﬁ%?ﬂp&}\fﬂaﬂ ﬁpatic renal, allergic

eases or any other disorders that affect bioavailability of the drug

ol SEHapr bR vl

16 4. Exclusion Criteria
1. Failure or refusal to complete the study
2. Having any respiratory abnormalities, infection or allergies during
study

3. Allergic or h:aving adverse drug reactions to calcitonin
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16.5. Dose and drug administration
One spray of 200 IU of salmon CT formulation or Miacalcic® nasal
spray was given in each nostril of the individual subjects at 8.00 am after an 8-hr
overnight fast. The total dose administered was 400 IU per subject. No food or drink was
permitted until 4 hours after dosing. Subjects were administered according to the
following instructions:

- Blow the nose so that the nostrils are clear

- Clean each nostn \Yr j ith a cotton bud
- Tilt the he

- Close onmn:by gently @gamst the side of nose with the

\ %r nostril

ily so one actuation is discharged

-
i \eathe out through the mouth
B « e

to 8 ow the spray to drain into the back of the

- Repeat the bo‘v&ﬁeccd@e er nostril to complete dosing

16.6. Subject Momtorjpg %

(
An f’mlusual symptoms were obm ﬁ sician particularly during
the first 3 hr. The subjects were periodically que -s ghout the study period for

any unwanted side effe‘&. If adverse drug ) occur‘ai, they would be recorded in
the case record form and tge subjects would b&.giagnosed and treated by the physician.

“PERHAAMY TN

nducted in a randomized, two-way crossover design.

i:::mmmm 8K 153720 e
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Table 10 Sequences of drug administration by Latin square design.

Period

N

Sequence Subject No. 1

W w ww ww

> > > > P> P

di'awn@om a forearm vein of each
subject using a disposablq's‘ainge at the foll%ing time points: 0, 5, 10, 15, 20, 30, 45

min, 1, 1.5, 2 aﬂ %%Jaﬁ% %H%ﬂj W%:ﬂeﬁvm collected in glass

tubes containing’llithium heparin, chllled at 0 °C. Within 30 min aﬁer collection, blood

sampl ﬁ ing separation

of plasm ﬁﬁjﬂnﬁmm:Jts nmw] ntll analysis.
16.9. Analysis of Salmon CT in Plasma

Plasma immunoreative salmon CT was quantitated by double antibody

radioimmunoassay (RIA) using a commercial kit developed by Diagnostics Systems

Laboratories (Webster, TX). Rabbit anti-salmon CT antibodies were used as primary

antibodies and have demonstrat‘ed less than 2% w/w cross reactivity. The sigmoidal

standard curve of B/Bo vs salmon CT concentration, typical of competitive binding

assays was linearized using log transformation, whereas B and Bo represent the
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radioactivity of the bound and total ???, respectively. The best-fit line was determined
using a least square regression analysis. The RIA quantitation range was 7.5 — 250.0
pg/mL.

The assay procedures are as follows:

1. Polystyrene disposable tubes (12 X 75mm) were labeled and
arranged in duplicate as total counts (TC) tubes, non-specific binding (NSB) tubes,
salmon CT standards A-F tubes, controls level I, II and III tubes which contain low,

medium and high concentrations of gaW Plasma samples were also prepared in
duplicate and labeled for their samp]mg / |

2. Thregw;uL gach ms A to F (Table 11), controls

om of the tively labeled tubes. To the
ndard (standard'A) was added.

and plasma samples wi
NSB tubes 400 pL of 0

3. " tg M anﬁswm was added to all tubes,
except NSB and Total Co .
s -
4. Allt v rc/ge‘jsy‘&o d for 1 — 2 seconds.

5. All'tu re jnfuba que ig -fo‘§16 24 hours at 4 °C.

d pk ‘of iracer (125 Issalmon CT) solution were added
7. All the tu be‘§ ﬁe ag_a%d, covered and incubated overnight

for 16 — 24 hours at 4 a.@ '
3. \Oh

globulin serum in a bu‘g}r with polyet!

to all tube

was added to all tubes except the
Total Count tubes. All tubeh ere lmmediateWOnexed The precipitating reagent must

w1811 TWEI N T

9. All tubes were mcubated for 15 min at room temperature

at%m Nyt ee) (a1 ke

11. The supernatant of each tube except Total Count tubes was
carefully decanted by simultaneous inversion with a sponge rack into a radioactive waste
receptacle. The tubes were allowed to drain on absorbent material for 15 — 30 sec and
gently blotted with pieces of cotton to remove any droplets adhering to the rim before
returning to the upright position \

12. The radioactivity in each tube was counted for one min using

gamma counter
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Table 11 Concentration of Ultra-sensitive salmon CT standards.

Ultra-sensitive salmon CT
Catalog no. Concentration (pg/mL)
standard
Standard A : 3601 0
Standard B \\\# 7.5
Standard C : 360 ' 30
= "é__/——:.’.-
Standard D 60
Standard E 125
Standard F 250
16.10. Data analy
After the valug in' count:per min as obtained for each tube, a
correction for non specific bindi was.fn&&é | Vbtra ing the average NSB count from

the average CPM of each tube to ob'iﬁn_aye PN (Equationl ).The percentage of
bound radio-labeled antigen (%B/B'd)-'mthqn % d from the following formula:
b

ple counts — N
Mean ount of 0 pg/mL Standard A- counts

°u@Pu(EJﬂg JCLEJ % inmdﬂq Qnilotted on the Y-axis
against the | ntr tion (X-axis) of'semi-lo er. A standard
curve was d lia ‘f;ﬁ mm 'Eigl élxon of salmon

CT in plasma samples was determined from the standard curve.

% B/Bo =

17. Evaluation of Bioequivalence
The bioequivalence of two preparations of salmon CT nasal spray was evaluated by
comparing two bioavailability parameters AUC and Cpa. Both parameters were
logarithmically transformed prior to \data evaluation as suggested by USP and US FDA.
17.1 Statistical Test
The log-transformed values of AUC and Cpax of the two preparations

were evaluated by analysis of variance (ANOVA) after a Latin square, two-way crossover
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design at significance level () of 0.05. Following ANOVA, the 90% confidence interval
was constructed for each of the bioavailability parameter.
17.2 Construction of 90% confidence interval
A 90% confidence interval of individual parameter ratio based on log-

transformed data was constructed using an equation:

90 %CI - — XR) * (to.1,4r X S.E.)

Where

Xt and Xg n in Cmax values of the test
ét, respectively

to.1,dr /

0.1 and df of the MSE

'\"‘

: Tor ol tamed from the ANOVA table
%Up 4 &‘I ":" ¥ +(t

% Lower limit= ,.{f.-:.\ : (to.l, B x 100

The test product was ;,n_-{‘_;_'__ red to be bioequivalent to the innovator’s

product when the 90-% confidence interval of the ratio-of ¢ e individual parameter (test

product relative to i
(CDER.1999).

5.0 % range for salmon CT

ﬂﬂﬂ’J‘l’lHﬂ‘ﬁWMﬂi
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