
CHAPTER III

MATERIALS AND METHODS

Materials

Azithromycin dihydrate (AZD) was obtained from Zhejiang Guobang 

Pharmaceutical Co.. Ltd. (Zhejiang. China) as model active pharmaceutical ingredient 

(API), Eudragit@ E PO (EPO) from Evonik GmbH (Essen, Germany) was used as a taste- 

masking agent and ethanol was purchased from the Liquor Distillery Organization 

(Chachoengsao, Thailand) as processing solvent for Eudragit" E PO.

Instruments

1. Near-infrared spectrophotometer (Antaris II analyzer series ร. Thermo Fisher 

Scientific Inc., USA)

2. Fourier transform infrared spectrophotometer (Nicolet iSlO with an 

Attenuated Total Reflectance (ATR) accessory, Thermo Fisher Scientific Inc., 

USA)

3. Differential scanning calorimeter (D244e, Mettler Toledo, Switzerland)

4. Thermo gravimetric analyzer (TGA/SDTA 851Z, Mettler Toledo, Switzerland)

5. Powder X-ray diffractometer (MiniFlex II Desktop X-Ray Diffractometer, Rigaku, 

Japan)

6. Universal Lab mixer (AR400, Erweka GmbH, Germany)

7. High speed mixer (MG15, Pharmaceuticals and Medical Supply Ltd. Part., 

Thailand)

8. Ultraviolet-spectrophotometer (UV1800, Shimadzu, Japan)

9. High Performance Liquid Chromatography (Shimadzu, Japan)

10. Analytical balance (XP205, Mettler Toledo, Switzerland)
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11. Polarized light microscope (Eclipse E200, Nikon, Japan)

Experimental methods

1. Taste-masked azithromycin dry powder preparation

1.1 Blending in Erweka" AR400 Universal Lab Mixer

Spraying alcoholic solution containing Eudragit® E PO to azithromycin 

dihydrate in solid ratios of 0.1:1, 0.2:1, 0.3:1 and 0.4:1. This solution was prepared by 

solubilizing Eudragit5 E PO 1 g in ethanol 3 กกL. A model active pharmaceutical 

ingredient of 500 grams, was loaded to a mixer. Pre-mixing and mixing time were 10 

and 30 minutes, respectively. Mixtures were monitored by using at-line NIR 

spectroscopy technique in pre-mixing step and mixing step at 5, 10. 15, 20 and 30 

minutes.

Figure 16 Schematic illustration of the blending chamber in Erweka5 AR400 Universal 

Lab Mixer. Measurement positions using NIRs fiber optic probe are indicated by

numeric symbols.
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Table 1 Summary of the process settings for the continuous blending trials of taste- 

masked azithromycin powder by using Erweka® AR400 Universal Lab Mixer.

Continuous blending trials of taste-masked azithromycin powder

B'l B2 B3 B4

EPO:AZD solid ratios 0.1:1 0.2:1 0.3:1 0.4:1

AZD (g) 500 500 500 500

Blending speed (rpm) 50 50 50 50

Sampling time (minutes) Pre-mix (0). 5, 10, 15. 20, 30

Sampling point 0 , 0 , ©  o  ©  0

Total samples (ท) ท = 108 ท = 108 ท = 108 ท = 108

Remark: One of sampling point was collected spectra by using NIRs for triplicate.

1.2 Blending in PMS® MG15T high speed mixer

Spraying alcoholic solution containing Eudragit® E PO to azithromycin 

dihydrate in solid ratio of 0.4:1. This optimal proportion of Eudragif8 E PO and 

azithromycin dihydrate derived from above blending experiment by using Erweka8 

AR400 Universal Lab mixer. A model API was loaded to mixer for 1,500 grams. Pre

mixing and mixing time were 5 and 10 minutes respectively. Mixtures were monitored 

by using at-line NIR spectroscopy technique in mixing step at every cycle after 

blending with Eudragif8 E PO alcoholic solution.
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Figure 17 Schem atic illus tra tion  o f  th e  b lend ing  cham ber in PMS?' MG15T high speed 

m ixer. M easurem ent positions using NIRs fibe r o p tic  probe are ind ica ted  by num eric

sym bols.

Table  2 S um m ary o f the  process settings fo r the  con tinuo us  b lend ing  tria ls o f taste- 

m asked az ith rom ycin  p o w d e r by using PMS®1 MG15T mixer.

C ontinuous b lend ing  tria ls o f 

taste-m asked az ith rom ycin  p o w d e r

Process settings

(EPOiAZD ratio o f 0.4:1, AZD=1.5kg)

Eudragit® E PO so lu tion  v o lu m e  (ทาL)

Cycle 1-2 200

Cycle 3-4 150

Cycle 5-20 100

A gita tor speed 500 rpm

C hopper speed 1500 rpm
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Process settings

C ontinuous b lend ing tria ls o f (EPCtAZD ratio o f 0.4:1, AZD=1.5kg)

taste-m asked az ith rom yc in  p ow der
Eudragit® E PO so lu tion  v o lu m e  (ทาบ

P re-b lend ing tim e 5 m in u te s /cyc le

Blending tim e 10 m in u te s /cyc le

Sprayed pressure 2 bar

Sam pling p o in t 0  ©  © o  ©

T o ta l sam ples (ท) ท = 300

Remark: O ne o f sam pling p o in t was c o lle c te d  spectra by using NIRs fo r trip lica te .

2. Physicochemical Characterization

2.1 P ow der X -ra y  D iffra c to m e try  (PXRD)

PXRD pa tte rns o f az ith rom ycin  d ihydra te , Eudragit® E PO and fina l m ix tu re  o f 

EPO and AZD w ere recorded by M iniF lex II eq u ip p e d  w ith  C uba anode (A = 

1.5406 Â), a c u rre n t o f 15.0 mA and a vo ltage  o f  30.0 kv. D iffraction data w ere 

c o lle c te d  at l° 2 0 /m in  using an angular step size o f 0.01° 2 Q The range used for 

scanning was from  th e  range o f  5 J26  - 4O °20 and signal recorded  fo r 35 m inutes. 

Fine p o w d e r w ere  m easured in co n tinuo us  scan m ode  using quartz  sam ple  ho lde r 

w ith  0.3 m m  thickness. Analyses o f th e  d iffractogram s w ere  do n e  by generating 

in tens ity  in tegra tion  o f th e  se lected  peak by Peak Search4 software.
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2.2 P o la r iz e d  lig h t m ic ro sco p y

M icroscopic te ch n iq u e  was carried o u t by a Nikon eclipse E200 m icroscope 

w ith  po la rized  lens, th e  pictures o f az ith rom yc in  d ihydra te , Eudragit8 E PO and fina l 

m ix tu re  o f EPO and AZD w ere taken by a d ig ita l cam era w ith  po la rized  light 

m icroscopy fo r a m agnification = 10X.

2.3 D iffe re n tia l S cann ing  C a lo r im e try  (DSC)

The researches w ere ope ra ted  by DSC8221 D iffe rentia l Scanning C a lorim eter 

(DSC). A standard (ind ium  m eta l) was running to  ca lib ra te  th e  in s tru m e n t for ce ll 

cons tan t and te m p e ra tu re . The sam ples o f a p p ro x im a te ly  5 -7  mg w ere w eighed and 

sealed in a lu m in u m  DSC pans, and scanned w ith  constan t purge (60 m L /m in ) o f 

n itrogen gas w ith  a b lank pan as a reference. The range o f scanning was 25-250°C  

and heated at th e  rate o f 10 °c /m in . The DSC therm ogram s o f az ith rom ycin  

d ihydra te , Eudragit* E PO and fina l m ix tu re  o f  EPO and AZD w ere recorded.

2.4 T h e rm o  G rav im e tric  A n a lys is  (TGA)

The studies w ere  taken by using TGA/SDTA 8 5 I e T he rm o  G ravim etric Analyzer 

(TGA). The substances o f a b o u t 6 -8  mg w ere  w eighed and p laced in cruc ib le , then  

scanned under n itrogen purge (60 m L /m in ) constan tly . A heating rate o f  10 ๐c /m in  

was e m p lo y e d  over a te m p e ra tu re  range o f 20 -2 5 0  °c. The TGA therm ogram s o f 

az ith rom yc in  d ihydra te , Eudragit® E PO and fina l m ix tu re  o f EPO and AZD w ere 

recorded.

2.5  F ou rie r T ra n s fo rm  In fra re d  sp e c tro s c o p y  (FT-IR)

FT-IR spectroscopy was p e rfo rm e d  by a T he rm o  scientific N ico le t iSlO FT-IR 

s p e c tro m e te r w ith  an A tte n u a te d  T o ta l R eflectance (ATR) accessory. The spectra was



37

cap tu red  and ana lyzed by OMNICH softw are  opera tion . The spectra o f az ith rom ycin  

d ihydra te , Eudragit® E PO and fina l m ix tu re  o f  EPO and AZD w ere recorded.

2.6 N e a r-In fra re d  s p e c tro sco p y  (NIRs)

NIRs spectra o f th e  az ith rom ycin  d ihydra te , Eudragit® E PO and fina l m ixtu re  

o f EPO and AZD w ere  d e te c te d  by using a NIRs Antaris II analyzer series ร equ ipp ed  

w ith  a fibe r o p tic  probe apparatus over th e  10000-4000 cm  1 w a ve n u m b e r range. 

RESULT3® so ftw are  was opera ted  to  cap tu re  and analyze the  spectra, a 16 cm 1 

reso lu tion  and 32 scans per spectrum . TQ Analyst 8 ™  softw are was used fo r spectra 

preprocessing.

3. Process Analytical Technology (PAT) o f at-line applications in taste-masked 

azithromycin dry powder preparation

The goal o f  these app lica tion  is to  ob ta in  deeper com prehen s ion  in 

pharm aceu tica l processing, replacing pragm atic approaches by know ledge-based 

m ethods. Thus, a c o n tro l strategy based on th e  se lected m u ltiva ria te  rea l-tim e  

analysis was requ ired  by PAT. Taste-m asked az ith rom ycin  dry p o w d e r b lend ing  

process was ana lyzed by co n ve n tio n a l pharm aceu tica l analysis for prim ary m e th o d  

and NIRs m u ltiva ria te  analysis fo r secondary m e th o d . E lom ogeneity e n d -p o in t was 

described by ch e m o m e tric  as fo llow s.

3.1 Q u a lita t iv e  an a lys is

Q ua lita tive  analysis refers to  classify th e  sam ples in processing according to  

th e ir NIRs spectra from  taste-m asked az ith rom yc in  d ry  p ow der b lend ing  process by 

using Erweka®AR400 Universal Lab Mixer.
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3.1.1 Prim ary m e th o d

The h o m o g e n e ity  e n d -p o in t for taste masked b lend ing process co u ld  be 

m o n ito re d  by po la rized  light m icroscopy and infrared spectroscopy fo r physical and 

chem ica l characteriza tion  subsequen tly . The studies a b o u t physical m o rpho log y  

and chem ica l spectra w ere  pe rfo rm ed  by 2.2 and 2.5.

3.1.2 Secondary m e th o d  (Principal C o m p o n e n t Analysis: PCA)

•  Spectral Acquisition and Pretreatment

S pectra l p re tre a tm e n t was app lie d  to  separate th e  chem ica l signature 

con ta ine d  in th e  signal from  the  physical in te rfe rences due to  d iffe rences in the  

geom etries and m easurem ent cond itions. The spectra w ere  recorded w ith  the  

RESULT30 so ftw are  from  FT-NIR s p e c tro p h o to m e te r w ith in  the  10000-4000 c m 1 

range, a 16 cm  1 reso lu tion  and 32 scans per spectrum . For every m easurem ent 

positions, 18 recorded spectra w ere  in tegrated. As a results, th e  in tegration tim e  for 

one spectrum  in one  position  was rough ly 30 seconds. The p re tre a tm e n t was Norris 

deriva tive  f ilte r  w ith  1st derivative.

•  End-point determined by the qualitative multivariate analysis 

method

The iden tifica tions  o f NlRs are d e p e n d e d  on pa tte rn  recognition  procedures. 

Regarding th e  unsupervised classification, sam ples are categorized w ith o u t a prior 

know ledge, exce p t th e  spectra. Then th e  researcher needs to  m ake th e  exp lana tion  

to  these  clusters. PCA was o b ta ine d  on m ean cen te red  spectra fo r B l, B2, B3 and B4 

trials, over th e  10000 -  4000 cm  1 w ave leng th  range. The b lend ing  o f  taste-m asked 

az ith rom ycin  d ry  p o w d e r process, w hich co u ld  be re la ted  w ith  th e  d iffe re n t taste-
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masking agent to API solid ratio and blending time used the PCA tool for clusters and 

gradients detection. Multibase 2014® software was used for chemometric analysis as 

principal component analysis. Before analysis with this software, all spectra were 

pretreated and transformed from .spa to .CSV files, then classified by selected factors. 

Put the data through Multibase 2014®, that is an add-in to Microsoft Excel program 

and open form in tab of this program. The PCA results were generated by “ method 

and preparation” function, after that were chosen the set variable range and the set 

sample range for next step to calculate the score and loading plot in each principal 

component (PC). The stated method was to find the principal component that 

affected most to factors, blending time and solid ratio of EPO:AZD. The resulting 

principal components were only used for the taste-masked blending process by 

using Erweka® AR400 Universal Lab Mixer.

3.2 Q u a n tita t iv e  an a lys is

Once the classification of samples has been achieved, knowing more precise 

in what extend samples are different could be useful. Therefore, the quantitative 

model development appears to be essential. The samples from taste-masked 

azithromycin dry powder blending process by PMS® MG15T high speed mixer was 

analyzed for quantitative analysis.

3.2.1 Primary method

The sensitive and reproducible for azithromycin determination in samples 

with low background interference were described by the High Performance Liquid 

Chromatography (HPLC) method. An analytical method has been made to improve 

and verify to confirm their precision, accuracy and other analytical method
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va lid a tio n  factors. For exam ple , the  d e v e lo p m e n t fo r de te rm in a tio n  o f HPLC 

m e th o d  was based on th e  using o f a HPLC co lu m n  as C-18, w ith  a w e ll m ob ile  

phase, w ith o u t th e  using o f any in te rna l standard.

® HPLC method validation

M eth o d  va lida tio n  was pe rfo rm ed  on th e  best d e te rm in e d  sta tionary phase 

i.e. C18 co lu m n , 5 pm , 250 m m  X 4.6 m m .

(1) L inearity

Six co ncen tra tions  co n s tru c te d  th e  ca lib ra tion  (s im u ltaneously  

prepared) fro m  ranging o f 50 to  500 pg /m L fo r az ithrom ycin  d ihydra te . Each 

c o n ce n tra tio n  le ve l was prepared and ana lyzed in trip lica te . C alibration curves w ere 

cons tru c te d  by p lo ttin g  th e  co m p o u n d s  c o n ce n tra tio n  versus responded peak area. 

The linearity  was eva lua te d  by the  least square linear regression m e thod .

(2) Precision

R epeatab ility  (in tra-day) and in te rm ed ia te  precision (in ter-day) 

d e te rm in e d  th e  precision o f th e  m e th o d  w ith  (in tra-day) and 

expressed as RSD (%). Six rep lica te  in jections o f th e  standard 

so lu tions o f az ith rom yc in  d ihyd ra te  at concentra tions fro m  50 to  500 

Pg/m L range prepared as described above.

(3) Accuracy

The accuracy o f  th e  m e th o d  was tested  by rep lica te  analysis o f 

d iffe re n t sam ples o f az ith rom yc in  d ihyd ra te  at know n concen tra tions and then  

com pared  w ith  th e  true  co n ce n tra tio n  o f it. Accuracy was assessed by the  

percentage o f  recovery.
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(4) D e te rm ina tion  and q u a n tita tio n  lim its  (sensitivity)

During th e  eva lua tion  o f th e  ca lib ra tion  curve linear range, L im it o f 

q uan tifica tion  (LOQ) was d e te rm in e d  and de fined  as the  low est concen tra tion  

y ie ld ing a precision (%cv) and accuracy (% recovery) w ith in  the ir accep tab le  range 

w ith  a peak area o f th re e  tim es th e  lim its  o f d e te cd o n  (LOD).

•  HPLC quantitative analysis

HPLC m e th o d  is va lida te d  by using the  fo llo w in g  cond itions

(1) C hrom atographic cond itions

C olum n : C-18, 250 m m  X 4.6 m m , 5 pm

F low  rate : 1.0 ทาL /m in

W avelength : 210 nm

C olum n te m p e ra tu re : 25 °c

In jection  v o lu m e : 20 pL

Run tim e : 20 m inutes

D iluent : M ob ile  phase; P hosphate bu ffe r pH 7.5:Acetom trile  (40:60)

E lution : Isocratic

^S u itab ility  o f  system requ irem en ts  from  standard stock so lu tion  (Tailing factor: Not

m ore  than  2.0)

(2) P reparation o f m o b ile  phase

The preparation  o f  m o b ile  phase was filte re d  and degassed the  

m ix tu re  th a t was conta in ing phosphate  b u ffe r pH 7.5 and a ce to n itr ile  in th e  ratio o f 

40:60v/v.

(3) P reparation o f az ith rom ycin  standard stock so lu tion

W eighed and transferred 30 mg o f az ith rom ycin  p ow der in to  100 ทาL
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o f v o lu m e tr ic  flask added  60 mL o f d ilu e n ts  and sonicated. Further filte re d  the  

so lu tion  th rough  0.45 |jm  filte r  paper and m ade up  w ith  d ilu e n t.

(4) Sam ple  so lu tion  preparation

T ook 20 cycle  sam ples, each conta in ing  25 mg o f cycle  sam ple w ere 

w eighed and transferred  to  25 mL o f v o lu m e tric  flask. D issolved the  c o n te n t by 

shaking rap id ly  and m ade up the  vo lu m e  w ith  d ilu e n t and m ixed w e ll, and filte re d  

so lu tion  th rough  0.45 pm  filte r  paper.

3.2.2 Secondary m e th o d  (Partial Least Squares regression: PLS)

•  Spectral Acquisition and Pretreatment

The regressions ca lcu la tio n  is least squares linear a lgorithm s. A linear 

re la tionsh ip  be tw e e n  tw o  m atrices, th e  spectra l ca ta  X and th e  reference values Y 

is the  aim o f th e  PLS regression. The spectra w ere  recorded w ith  the  RESULT316 

softw are fro m  NIR spectroscopy w ith in  th e  10,000-4,000 cm  1 range, a 16 cm  1 

reso lu tion  and 32 scans per spectrum . For every m easurem ent positions, 100 

recorded spectra w ere  in tegrated. The in tegra tion  tim e  for one spectrum  in one 

position  was rough ly  30 seconds. The first step was to  choose a proper 

p re tre a tm e n t m e th o d . The m e th o d  tes ted  in c lu d e d  baseline correction , first and 

second deriva tive  fo r data fo rm a t setting. The spectra data w ere  perfo rm ed  a b o u t 

sm ooth ing m e th o d  by Savitzky-Golay fitte r or Norris deriva tive  filte r.

•  Calibration and validation model construction by the quantitative 

multivariate-analysis method

From analysis ty p e  in TQ Analyst 8 FM softw are, A ll spectra l data w ere 

co m p u te d  by q u a n tita tiv e  analysis as Partial Least Squares (PLS). The PLS m o d e l
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c o u ld  be cons tru c te d  by TQ A na lyst 8 ™  software. The ca lib ra tion  m o d e l derived 

from  the  standard PLS m e th o d . Add th e  co m p o n e n ts  in m ix tu re  o f EPO and AZD 

in to  co m p o n e n ts  ta b le  o f  program . Input the  standard spectra l data w ith  usage 

ca lib ra tion  fo r ca lib ra tio n  m o d e l and va lida tio n  fo r va lida tio n  m o d e l. A ll spectra w ill 

be p re trea ted  by data fo rm a t, sm ooth ing and m u lt ip o in t baseline correction  

m ethods. Define th e  region ty p e  and baseline ty p e  by TQ Analyst 8 ™  software 

suggestion. The last process fo r m o d e l bu ild ing w ere  data norm a liza tion  and fit 

va lue  a lgorithm , and then  c lick th e  ca lib ra te  tab, th a t p roduced  th e  ca lib ra tion  

m o d e l and the  significant values, such as co rre la tion  co e ffic ie n t (r) and ro o t mean 

square error (RMSE). The va lida tio n  m o d e l was also ope ra ted  by th e  same 

procedure .

T ab le  3 C onclusion o f  a t-lin e  PAT in taste-m asked b lend ing  process analysis.

Process analysis Prim ary m ethod(s) Secondary m e th o d

Q ualita tive  analysis FT-IR, M icroscopy NIRs (PCA)

Q uantita tive  analysis HPLC NIRs (PLS regression)

3.3 C ritic a l s a m p lin g  p o in ts  e v a lu a tio n

เท each m ixing step, a ll m ixtures w ere brough t fo r pharm aceu tica l analysis 

th a t fo llo w e d  by m e asu rem en t po in ts  m ap. These derived from  lite ra tu re  reviews 

and th e  m a n u fa c tu re r’ s in fo rm a tio n  a b o u t b lend ing  process and m ixing e qu ipm e n t. 

Q ua lity  risk m anagem ent to o ls  w ere  used fo r critica l sam pling po in ts  assessment. 

The d e te rm in a tio n  o f sam pling po in ts  was app lie d  to  p u ll sam ples and confirm  a 

su itab le  state o f  hom ogeneous m ixing (De Beer 2011, S cheibe lhofer 2013,
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Burggraeve 2013). The critica l sam pling loca tions fro m  lite ra tu re  reviews and qu a lity  

risk to o l can be co n c lu d e  as fo llow ing :

(1) Segregation area, (2) Gap density  area, (3) Dead space/spo t. (4) Center 

area o f  m ixing bed, (5) R ecom m enda tion  area from  specialist

Sam pling po in ts  in each m ixer w ere  d e te rm in e d  by the  critica l sam pling 

loca tions. A ll o f  th e  sam pling po in ts  m ust cover a ll critica l area and represent to ta l 

fina l p ro d u c t as sam pling.

4. เท vitro evaluation o f taste-masked azithromycin dry powder

We d e ve lo p e d  taste masked eva lua tion  fro m  th e  studies o f  M ahore ’ s team  

(2010). Build th e  ca lib ra tion  curve  by standard prepara tion  w ith in  range 10, 20, 40, 60, 

80 and 100 pg/m L. Final m ixtures (from  tw o  b lend ing procedures e q u iva le n t to  500 

mg o f az ith rom yc in  d ihydra te ) w ere  p laced in a te s t tu b e  w ith  10 mb o f phospha te  

bu ffe r pH 6.8 to  s im u la te  th e  hum an saliva and shaken for 5 m inutes. The m ix tu re  

was filte re d  by 0.45pm  c e llu lo s e  ace ta te  filte r  paper. 1 mL o f filtra te  was taken to  a 

100 mL o f v o lu m e tric  flask and d ilu te  w ith  phosph a te  b u ffe r so lu tion  pH 6.8 to  

v o lu m e  and mix. This so lu tio n  was ana lyzed fo r az ith rom ycin  d ihydra te  

c o n ce n tra tio n  as a b itte r tas te  fro m  p roduc t. The so lu tion  was also d e te c te d  at 

w ave leng th  213 ททา by UV-visible sp e c tro p h o to m e te r and com pared  the  data w ith  

th re e  com m erc ia l p roducts  in Thailand.
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