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ABSTRACT A near infrared spectroscopic method was
developed to determine drug content in a 20% (wt/wt)
ibuprofen and spray-dried hydrous lactose blend. A
blending profile was obtained after blending for 0.5, 1, 3,
5, 10, and 20 minutes. Stream sampling was used to col-
lect about 20 blend samples at each of the blending
times from a laboratory scale V-blender. The samples
collected were used to develop a near infrared calibra-
tion model. The calibration model was then used to de-
termine the drug content of unknown samples from 2
validation blends. The validation blends were not in-
cluded in the calibration model; they were used to evalu-
ate the effectiveness of the calibration model. A total of
45 samples from the 2 validation blends were predicted
by the near infrared calibration model and then analyzed
by a validated UV spectrophotometric method. The root
mean square error of prediction for the first validation
blend was 5.69 mg/g and 3.30 mg/g for the samples
from the second blend. A paired t test at the 95% confi-
dence level did not indicate any differences between the
drug content predicted by the near infrared spectroscopy
(NIRS) method and the validated UV method for the 2
blends. The results show that the NIRS method could be
developed while the blending profile is generated and
used to thoroughly characterize a new formulation during
development by analyzing a large number of samples.
The new formulation could be transferred to a manufac-
turing plant with an NIRS method to facilitate blend uni-
formity analysis.
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INTRODUCTION The Current Good Manufacturing
Practices (CGMPs) as described in 21CFR 211.110 re-
quire in-process controls and tests to be conducted on
appropriate samples of in-process materials to assure
the uniformity and integrity of each batch of drug prod-
ucts. The control procedures are required to monitor the
output and validate the performance of the manufactur-
ing processes that may cause variability in the in-
process material and drug product. The required in-
process control procedures include testing to evaluate
the adequacy of mixing to assure uniformity and homo-
geneity. In 1999 the US Food and Drug Administration
(FDA) published a draft guidance to provide recommen-
dations on establishing in-process acceptance criteria for
blend uniformity analysis to applicants with ANDA (Ab-
breviated New Drug Application) products [1]. Industrial
feedback to this draft guidance eventually led to industry,
academia, and the FDA working together in the Blend
Uniformity Working Group (BUWG) of the Product Qual-
ity Research Institute. The proposal developed by the
BUWG is under review at the FDA, and the FDA recently
withdrew its draft guidance [2].

Even before the FDA draft guidance, a number of re-
searchers investigated the sampling of pharmaceutical
powder mixtures and the problems associated with their
analysis [3-10]. The majority of these efforts have in-
volved the use of sample collection devices known as
sample thieves. A recent survey conducted by the
BUWG showed that sample thieves remain the preferred
method for powder sampling, with 25 of the 28 respon-
dents indicating that they used a side-compartment thief
device [11].

Near infrared spectroscopy (NIRS) is a viable analytical
technique for the evaluation of pharmaceutical powder
blends [12-19]. On-line monitoring systems using NIRS
are an alternative to the use of sample thieves [12-17].
NIRS is quite attractive for this type of application be-
cause it is a nondestructive method that usually does not
require sample preparation, is noninvasive, and offers
the possibility of remote sampling with fiber optic probes.
The principal means of judging blend uniformity with on-
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line measurements is on the basis of the standard devia-
tion of the spectra obtained, even though other
chemometric methods have been explored. The mixture
is termed homogeneous when the standard deviation of
the near infrared spectrum reaches a minimum value. An
inherent advantage of these methods is that blend uni-
formity is judged on the basis of the distribution of both
the active pharmaceutical ingredient and the excipients.
The development of on-line noninvasive methods con-
tinues, and recently a system that used NIRS for remote
and noninvasive monitoring of 6 sites on a V-blender
was reported [16]. This report showed the necessity for
sampling multiple points for the determination of the mix-
ing end point and also described NIRS imaging experi-
ments that allow evaluation of a larger mass of sample
[16].

Stream sampling is also an alternative to the use of
sample thieves. This report describes the implementa-
tion of stream sampling by capturing the blend in
stainless steel cups as it flowed from the bottom of the
blender. The stream sampling was performed following
Allen's 2 "golden rules" of powder sampling, which state
that a powder should always be sampled when in mo-
tion, and that sampling should be done in small incre-
ments of time throughout the entire powder stream
rather than at the same preselected sites at all times
[20]. An advantage of stream sampling is that more
samples can be obtained than by thief sampling, which
is limited by the difficulty of obtaining the samples and
possible changes in the powder distribution as the thief
is inserted. Stream sampling takes advantage of a proc-
ess that has to occur, as tablet compression requires the
flow of the blend from a hopper or bin located over the
compressing machine. Therefore, stream sampling could
indicate segregation problems related to the emptying of
the blender -"problems that thief sampling is unable to
pinpoint. Even though Allen's golden rules of powder
sampling are widely known and sample thieves violate
both rules, sample thieves have been used in the major-
ity of the reports on pharmaceutical powder samples
[11,21-23]. The preferential sampling or segregation of
the powder blend by sample thieves has been reported,
and as a result stream sampling could find wider use in
the future [4,23].

An additional advantage of stream sampling is that its
implementation does not require a significant financial
investment. Small pharmaceutical companies may be
unable to invest in on-line monitoring systems and the
specialized personnel needed to implement and validate
them. Stream sampling also complements the on-line
monitoring systems by evaluating the blend 1 step be-
yond the blending process as a hopper or bin is emptied.
Stream sampling may also be advantageous in the vali-
dation of blending processes in larger-scale equipment.
As blenders increase in size, the thief handling operation

becomes more difficult, since it is necessary to collect
samples several feet below the powder bed surface.

The limitations of stream sampling must also be consid-
ered. Stream sampling is not able to target locations that
are suspected of providing poor blending. The goal of
stream sampling is to obtain representative samples and
not to target specific locations, as the stratified sampling
approach recommended by the BUWG proposes. How-
ever, if poor blending was to occur at a location different
from those targeted by the stratified sampling approach,
then there is a greater possibility of detecting the poor
blending with stream sampling. The application of
stream sampling is also limited in the final formulation
scale up and optimization process. Thief sampling has
the advantage that it allows for the collection of samples
in large-scale blenders and subsequent blending until
the optimum blending time is achieved.

Stream sampling was used in the development of a
blending profile. Blending profiles are obtained during
formulation development and scale up [24]. The blend is
considered homogeneous when the active pharmaceuti-
cal ingredient is found to be within specification in the
blend. The results obtained are usually reported in milli-
grams of active ingredient per gram of the pharmaceuti-
cal blend, and in terms of standard deviation or relative
standard deviation of the drug content.

The blending profile efforts provide samples blended un-
der very different conditions, and with variation in the
concentration of the active pharmaceutical ingredient
and excipients. The development of a calibration model
for an NIRS method also requires samples with similar
variation spanning the concentrations and conditions of
interest [25]. Thus, an excellent opportunity is present
during the development and optimization of a formulation
to develop and optimize an NIRS method for blend uni-
formity. A new product could be transferred to its manu-
facturing site along with its near infrared method for drug
content in the blending stages. This report explores the
development of an NIRS method for blend uniformity of
a 2-component blend.

MATERIALS AND METHODS

Materials

The materials used were spray-dried hydrous lactose
(Pharmtose DCL-11, DMV International, Veghel-The
Netherlands) and ibuprofen (70 grade, Albemarle, Baton
Rouge, LA), both donated by Pharmacia & Upjohn
Caribe (Arecibo, PR). The lactose used passed through
a 250-um sieve and was retained in a 125-um sieve
screen. The ibuprofen used passed through a 125-uym
sieve screen and was retained on a 75-um sieve screen.
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The methanol used was HPLC grade (Fischer Scientific,
Pittsburgh, PA).

Mixing Method

A V-blender, Blend Master Lab Blender Model "B" from
Patterson-Kelley Co (East Stroudsburg, PA), was used
for blending. A 4-quart acrylic cross-flow shell without in-
tensifier bar was used for all experiments and was filled
to slightly over 50% of its volume. A 20% (wt/wt) ibupro-
fen-in-lactose blend was prepared by weighing 200 g of
ibuprofen and 800 g of lactose. The 2 materials were
placed in layers: 300 g of lactose, then 100 g of ibupro-
fen, topped with 300 g of lactose, 100 g of ibuprofen,
and finally 200 g of lactose.

The blend was collected after the mixing period by open-
ing the acrylic shell's bottom sleeve. A different blend
was prepared for each mixing time. The first blend sam-
ples were collected after only 30 seconds of blending,
and the sleeve was opened and a flow of blend estab-
lished. The entire contents of the P-K Blend Master were
emptied, and more than 20 samples were collected from
the flowing stream. The blend was captured in the
stainless steel cups, manufactured by Pike Technologies
(Madison, WI), capable of sampling about 100 mg of the
blend. This minimum amount of sample was chosen in
an effort to find areas of sample nonhomogeneity. The
rest of the blend was discarded. Thus, the samples cap-
tured after 0.5, 1, 3, 5, 10, and 20 minutes of blending
were not from the same blend, and each blending time
required a different weighing and blending of the lactose
and the ibuprofen.

Ibuprofen UV Assay

Samples were analyzed by a validated UV spectropho-
tometric method. After weighing, the samples were
transferred to 100-mL volumetric flasks, and 75 mL of
75% (vol/vol) methanol were added. The mixture was
shaken for 30 minutes on a laboratory planetary shaker
and sonicated for 3 minutes. The mixture was then com-
pleted to volume with 75% (vol/vol) methanol, and the
contents of the flask were mixed manually to ensure
complete mixing. An aliquot was centrifuged at 3500
rpm, and the absorbance of the clear solution was ob-
tained at 259 nm with a Beckman DU 640 spectropho-
tometer (Fullerton, CA) using a cuvette of 10-mm optical
pathlength. The calibration curve for the ibuprofen
method was linear over the range of 0.10 to 0.70 mg/mL
(7 = 0.999). The assay's accuracy was evaluated by
spiking lactose with ibuprofen, where an average recov-
ery for the ibuprofen was 100% (n = 30, SD = 1.49%).
An accuracy study was performed each time that the as-
say was used to evaluate the system's and the analyst's
performance.

FT-NIR Equipment

A Vector 33 Fourier Transform Near-Infrared (FT-NIR)
spectrometer (Bruker Optics, Billerica, MA) was used to
obtain spectra of all samples described in this report.
The instrument was equipped with a germanium detector

and included a fiber optic probe model N262 that was
composed of a bifurcated (Y-shaped) low-OH silica fiber
bundle to illuminate the sample and to collect diffuse re-
flectance spectra from the powder samples.

The spectra were collected after the fiber optic probe
was placed directly over the sample in the cup. Each
spectrum was the result of averaging 32 scans of 8 cm -
'resolution in the 12 000 to 5000 cm ™ region. For each
sample, triplicate spectra were obtained by rotating the
sample about 120 degrees. The 3 spectra were aver-
aged for use in the calibration model. The Norton Beer
apodization function was applied to all spectra [26].

Development of Calibration Models

The calibration models were developed with the aid of
OPUS NT Version 2.06 (Bruker Optics). This software
includes the partial least squares (PLS) algorithm. PLS
is a spectral decomposition technique used to develop
multivariate calibration models [27]. Spectra were pre-
treated using the vector normalization algorithm in the
OPUS software.

The spectra and ibuprofen concentrations of 116 sam-
ples collected by stream sampling after the 6 blending
times were used to build the training set necessary for
the calibration model. The first step in the development
of the calibration model was a leave-one-out cross vali-
dation. During the leave-one-out cross validation, a PLS
calibration model developed with all the samples except
one is used to predict the sample left out [27]. The algo-
rithm repeats this step until all samples have been left
out once and calculated with the calibration model. The
difference between the results predicted by the model
and the actual values are summarized by the prediction
residual error sum of squares (PRESS):

FPEESS = Z(Cm; — Cpazp)’ (1)

iml

where Cya_ is the drug concentration in the blend as de-
termined by the validated UV spectrophotometric
method and Cprep is the concentration predicted by the
NIRS method. At this time the algorithm also indicates
the number of factors or eigenvectors that provide the
minimum PRESS values.

The validation set was also used to determine the num-
ber of factors to include in the calibration model. The
validation set was composed of samples from the 2 vali-
dation blends, and none of the samples in this set were
included in the training set. The determination of the
number of factors to keep in the calibration model is rec-
ognized as one of the most challenging tasks in this
process [27]. Several methods have been developed to
evaluate the number of factors to include in a model, but
the use of a validation set is often recognized as giving
the best estimate of the model's performance [27]. The
differences observed between the results predicted by
the NIRS method for the validation samples and their
ibuprofen concentration as determined by the UV
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method were described by the root mean square error of
prediction (RMSEP).

FRESS
i

FAISER = (2)

The same equation was used to describe the differences
between the concentrations predicted by the calibration
model and the UV spectrophotometric method in the
leave-one-out cross validation. In this case it was called
the root mean square error of cross validation
(RMSECV).

RESULTS For the analysis of blend samples it is impor-
tant to establish a sample size. The FDA Draft Guidance
document stated that the blend sample size should be 1
to 3 dosage units, and the BUWG proposed that sample
quantities larger than 3X be allowed if they can be scien-
tifically justified [1,2]. The sample size requirement was
met in this study by using a cup that limited the sample
captured to about 100 mg. In both the FDA Draft Guid-
ance and the BUWG proposal, blend uniformity is meas-
ured on the basis of drug distribution. The approach fol-
lowed in this study also permitted the determination of
drug content in the powder samples. Spectra of the
samples captured in the cups were obtained, and then
the samples were weighed and their drug content de-
termined by a validated UV spectrophotometric method.
The drug concentration and the near infrared spectra
were then used to develop an NIRS calibration model for
the blends.

A primary concern in the development of this calibration
model was whether the near infrared radiation contacted
the majority of the powder blend [28]. Diffuse reflectance
can be affected by many factors, such as the sample
packing, the particle size, and the crystallinity of the ma-
terial [28,29]. On the other hand, the entire sample is
analyzed by the UV spectrophotometric method. If the
NIRS radiation contacts only a small part of the sample,
it would be difficult to develop a reliable calibration
model if the 2 methods (NIRS and UV) evaluate different
samples. To reduce this problem, 3 spectra of the blend
were obtained, each 120 degrees apart, and then aver-
aged. The sampling depth of the NIRS radiation was
also investigated by placing a fine layer of talc at the bot-
tom of the cup. The talc had 2 strong characteristic
bands in the region of 7200 to 7100 cm " as shown in
the top spectrum in Figure 1. The bottom spectrum in
Figure 1 shows a very weak band for the talc superim-
posed over the blend spectrum, showing that the near
infrared radiation reaches the talc. Therefore, using
sample cups with a depth of about 2 mm limited the
sample to an area that could be reached by the near in-
frared radiation. It is not possible to determine whether
the entire blend was sampled by the near infrared radia-
tion, but it is shown that the blend near the bottom of the
cup was sampled by the near infrared radiation.

0.7
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04

Ahsorbance (Log L/R)
0.2 0.3

7500 7400 1300 1200 7100 7000 6900
Wavenumber {cm-1)
Figure 1. (Top) Spectrum of talc powder; (middle) spectrum of ibupro-
fen and lactose powder mixture; (bottom) spectrum of ibuprofen and

lactose powder mixture over thin layer of talc. The talc was estimated
to be 1.8 to 2.0 mm below the surface of the powder mixture.

The calibration model was developed with samples from
the various mixing times. About 20 samples were ob-
tained at each of the 6 blending times, and the training
set was formed with 116 samples. The concentration of
the samples in the training or calibration set ranged from
157.2 to 257.7 mg/g. The leave-one-out cross validation
showed a correlation coefficient of 0.9242 between the
results predicted by the NIRS method and those deter-
mined by the validated UV method, as shown in Figure
2 . The RMSECYV for the results obtained was 7.74 mg/q,
and the model required 7 factors. The combination of 2
spectral regions, 9750 to 7497 cm “and 6101 to 5773
cm ™, provided the best correlation between the near in-
frared spectra and the drug concentration following pre-
treatment by vector normalization. These regions include
features of both the ibuprofen and lactose spectra, as
shown in Figure 3 .
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Figure 2. Cross-validation plot for the blends in the training or calibration
set. The results predicted by NIRS are plotted versus the values ob-
tained by the reference method (UV).
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Figure 3. NIRS diffuse reflectance spectra of ibuprofen (dashed lines)
and lactose.

The calibration model was used to calculate the active
pharmaceutical ingredient in 2 validation blends. Valida-
tion blends were defined as blends that are not included
in the calibration model. In other words, none of the
spectra for the samples collected from these 2 blends
are included in the calibration model. The results pre-
dicted by the NIRS method and then checked by the UV
method are shown in Table 1. For the first validation
blend, the correlation coefficient was 0.9021 between
the drug content determined by the NIRS method, and
the UV or reference method. The RMSEP was 5.69
mg/g, with a 7-factor model. The largest difference ob-
served between the 2 analytical methods was about 12.5
mg/g. A paired t test statistical comparison at the 95 %
confidence level did not indicate any differences be-
tween the results obtained with the 2 methods.

Two of the results observed on Table 1 deviate signifi-
cantly from the target level of 200 mg/g. The UV method
confirmed the results of 143.9 mg/g and 235.4 mg/g pre-
dicted by the NIRS calibration model. The 143.9 mg/g
result is outside the range established for the NIRS cali-
bration model (157.5 to 257.7 mg/g), but the model still
does a good job of predicting the sample and flagging
this result that significantly differs from the target level of
200 mg/g.

The second validation blend showed a drug concentra-
tion that was higher but still within the range of the cali-
bration model. The calibration model was able to predict
the drug content of the samples with a correlation coeffi-
cient of 0.925 between the NIRS and reference method
results. The RMSEP obtained was 3.30 mg/g, with 7 fac-
tors. The results obtained are shown in Table 2 .

The correlation coefficients obtained for the 2 validation
blends should not be confused with the correlation coef-
ficients calculated in high-performance liquid chromatog-
raphy (HPLC) linearity studies. The 0.9021 and 0.925

correlation coefficients refer to the correlation between
the values predicted by the NIRS method and the values
determined by the UV method. In HPLC linearity studies
conducted at a specific wavelength, the instrument's re-
sponse is evaluated versus the different concentrations
of the analyte with the linear regression algorithm, and a
correlation coefficient greater than 0.99 is usually ex-
pected. Future regulatory evaluations of NIRS methods
will require that reviewers understand how the correla-
tion coefficient is used and that it does not provide the
entire picture. A complete evaluation will require evalua-
tion of the method's ability to predict unknown samples
(as described by the RMSEP), and statistical compari-
sons as shown in this report.

This blending process would not meet the requirements
of the former ANDA Draft Guidance since the relative
standard deviation (RSD) of the drug concentration in
the validation blends (Tables 1 and 2) is greater than
5%. This study, however, was not directed at developing
a formulation that would meet the former ANDA Draft
Guidance requirements [1]. Instead, the objective was to
obtain blend samples with a wide range of concentra-
tions around the target concentration of 200 mg/g to fa-
cilitate the development of the calibration model. The
short blending times required for the development of the
blending profile provided most of the samples with con-
centrations away from the target concentration of 200
mg/g, making it possible to develop the calibration model
from 157.5 to 257.7 mg/g. Some samples outside of this
range were also obtained at the short blending times, but
this appeared to be an optimum range for the calibration
model.

Figure 4 shows the blending profile obtained after sam-
pling the blend at 0.5, 1, 3, 5, 10, and 20 minutes. The
validated UV spectrophotometric method was used to
determine the drug content of the samples collected at
each of the blending times, and their RSD was plotted
versus the blending time. Each mixing time corresponds
to a different blend since the blender was completely
emptied. The RSD of the drug content showed very little
variation after 3 minutes of blending time. The samples
collected at 0.5 minutes and 1 minute showed significant
variation in their drug content. The greater RSD ob-
served at 1 minute is a result of the lack of homogeneity
of the blend at this point. As indicated by Muzzio, a
greater number of samples is required to evaluate the
blend when it is not homogeneous [22]. In addition, it is
not possible to compare among close blending times
since for each blending time a different weighing of ibu-
profen and lactose was made. The results of the sam-
ples captured at the 6 blending times are shown in Table
3.
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Table 1. Results of Samples From the First Validation Blend*

Sample Method iy Pr';fliatf:tgr{;inﬁgl Residual (mg/g)

1 2021 2023 -0.2
2 20848 2131 -7.2
3 21048 2056 a3
4 182.0 1952 28
a 2100 2081 148
f 20a8 23T -7.4
7 2314 2354 —3.4
a 2034 197 4 a4
4 1a0.0 14348 A2
10 2044 20148 24
11 20348 2014 24
12 2100 20248 71
13 20848 195 6 10.3
14 2040 193.0 6.0
14 2037 2087 =20
16 20493 220 -2.8
17 2067 209.0 -2.3
14 2073 2045 28
14 2048 273 —12.5
20 2011 2063 -52

AvErage 204.0 2034

S0 1434 16.71

RSO T.037 g8.212

Paired t test

i calculated 0.3585
tcritical 21009

*RED indicates relative standard deviation.
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Table 2. Results of Samples From the Second Validation Blend*

Sample UV Reference Inr:rg_anrad Residual
Method (mgig) Predicted (o)
imgin)
1 2164 2172 —0.a
2 2143 215.4 —0.1
3 2021 2077 —5.6
4 2127 206.3 6.4
5 2018 203.49 =21
6 2074 2103 —2.8
7 1876 200.0 —2.4
8 226.49 226.6 0.2
g 216.6 2081 7.5
10 2274 2237 38
11 2022 204.4 -2.13
12 1856 196.5 —0.49
13 2194 218.0 0.3
14 2320 23T 0.3
14 2301 226.3 ar
16 2282 230.4 -213
17 2304 22498 0.6
18 189.7 200.9 -1.2
14 2274 2211 6.3
20 196,49 198.8 —2.0
21 2232 2221 1.1
22 2080 2123 —4.3
23 2242 228.0 -3.8
24 2084 208.1 1.7
24 204.3 202.8 1.5
Average 214.2 2141
S0 12,145 11.161
RSD 5.6649 5213
Faired ttest
t calculated 0237
t critical 2068

*RED indicates relative standard deviation.
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Table 3. Results of Samples From the 6 Experiments Used to Establish the Calibration Model and Blend-
ing Profile*

Ibuprofen Concentration (mg/y)

0.5 Mins 1 Min 3 Mins 5 Mins 10 Mins 20 Mins
198 4 168 .4 206.5 197 .4 2036 1923
195 8 1697 2006 2027 193.2 196 9
196 83 17249 2001 2061 1953 1900
1891 2053 208.6 2124 2156 192 4
2577 17249 2017 1991 2114 194 9
2440 167 8 207.4 M35 195 .8 193 4
1925 1718 200.4 22654 2044 1950
192 9 167 2 2059 M27 2055 2003
1910 1722 2057 M7 B M3.2 209 1
098 1712 207 6 2101 196.7 027
197 10 1815 199.8 2030 1948 197 7
1967 187 2 210.0 2061 199.0 2060
1910 1797 2049 2067 0748 1598 4
199 4 1721 210.4 2063 195.5 2087
197 3 4717 212.4 2011 1955 197 2
377 1677 2026 2101 1958 201k
2313 194 6 197.8 2000 206.1 1983
267 205 1 208.4 206.4 2036 199 1
194 4 275 2 2122 270 2038 2040
205 4 184 2 210.3 197 6 2012 2052
2072 2249 1911 2014
2095 2036 180.2 2048
1935
2091
200.8
Awerage 2118 2021 20585 207 4 2006 199 4
S0 3354 7279 497 7201 7984 5240
RS0 1574 35.02 2393 3471 3979 2 BZ8

*The results were obtained by analyzing the entire sample with the validated LW spectrophotometric method.
Each calumn presents results from different experiments. RSDindicates relative gandard deviation.

% RSD Drug Content

7'y

T T T T T T T T
0 5 10 15 20
Blending Time(min)
Figure 4. Blending profile for the 2-component mixture obtained after
calculating the drug content with the UV spectrophotometric method.

The RSD of the drug content of all the samples collected at 0.5, 1, 3, 5,
10, and 20 minutes is shown versus the blending time.
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Figure 5. Spectra of samples collected after various blending times.

Figure 5 shows the spectra of the samples obtained at
0.5, 1, 3, and 20 minutes. The spectra at 0.5 and 1 min-
utes also reflect the high variation observed in the drug
content samples. The spectra at 5 and 10 minutes are
not shown since they are very similar to the spectra ob-
served at 3 and 20 minutes.

Figure 6 shows the blending profiles obtained based on
the average standard deviation of the spectra at each of
the blending times. A blending profile was first obtained
by calculating the standard deviation for each point of
the spectra, and then averaged over the entire spectral
range. The shape of this profile is very similar to that
shown on Figure 4 . However, it is not necessary to take
the standard deviation of the entire spectral region; it is
possible to focus on wavelengths or parts of the spec-
trum that relate to the components of interest [16].
Figure 6 also shows the blending profile based on the
average standard deviation over the spectral regions
used to quantify the ibuprofen in the blend (from 9750 to
7497 cm "'and from 6101 to 5773 cm ' ). The blending
profile is now somewhat different from the profile ob-
served in Figure 4 . These experiments show that NIRS
could be used to define blend uniformity on the basis of
the distribution of the excipients and the drug by taking
the standard deviation of the entire spectrum, and also
on the basis of only the active ingredient.

- &-9750-7497 & 6101-5773 cm” Region
—o— 12000-5000 cm Region

0.0204
0.018 -
0.016 -
0.014
0.012 -
0.010 -
0.008 -
0.006
0.004 -

S

20

Standard Deviation of Spectra

T T T T T
0 5 10 15

Blending Time (minutes)
Figure 6. Blending profile obtained from the entire spectral range (&) and
over the spectral range used in developing the calibration model (¢). In
each case the standard deviation of the spectra at each wavelength of
the spectral range was first calculated. The average standard deviation
over these wavelengths was then calculated and plotted versus blending
time.

A repeatability study was used to assess the precision of
the NIRS method. The fiber optic probe was placed over
a blend sample, and 6 spectra were obtained at the
same position. Each spectrum consisted of 32 averaged
scans. The drug content of the blend was determined
with the spectrum obtained and the calibration model.
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Table 4. Repeatability Study for 2 Different Blend Samples Analyzed by NIRS*

Concentration Predicted (mdg i)

Concentration Predicted {mig/g)

Average
a0
RED

205.0
2077
206.9
204.6

205.9
206.8

206.2
1.184
0.520

2057
2027
199.6
201.3

200.9
203.9

202.4
2109
1.087

*MIRS, near infrared spectrascapy; RS0, relative standard deviation.

Table 4 shows results for 2 samples analyzed in this
manner and indicates an RSD of about 1%.

The method described in this report could be further
validated for use in an industrial environment. The accu-
racy, repeatability, and range of the method have been
addressed, and future precision and robustness studies
would be required. At least 3 recent reports have ad-
dressed the validation of NIRS methods in light of the In-
ternational Conference on Harmonization (ICH) guide-
lines [30-32]. These authors emphasize that ICH Q2A
and Q2B address traditional method validations such as
HPLC validations but do not address the statistics and
chemometrics issues related to NIRS. These reports de-
scribe approaches for validating NIRS methods in a
manner consistent with the ICH guidelines, while taking
into consideration the particular aspects related to NIRS.

CONCLUSION Sample thieves are not the only means
for sampling pharmaceutical powder mixtures. The use
of stream sampling has been shown to be another pos-
sible option. This option is consistent with the golden
rules of powder sampling that have been suggested by
Allen in the field of powder technology. Stream sampling
is also relatively easy to implement, as it does not re-
quire the modification of blenders with ports for near in-
frared radiation or other sensors. In addition, there is
practically no limitation on the number of samples that
may be obtained. Even if a sample thief is chosen for the
evaluation of blending, stream sampling may be used as
a complementary method. Stream sampling could be-
come a useful tool in the sampling of pharmaceutical
powder blends. The approval of the BUWG would not
eliminate the need for sampling the powder blend, since
it would still be required during formulation development
and in the process validation batches [2].

The NIRS calibration model developed in this study cor-
rectly determined samples from 2 validation blends. The
approach described in this study makes the
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development of the blending profile a more productive
process, since this profile can be used to develop an
NIRS calibration model. The NIRS method makes it eas-
ier to analyze blend samples and could be used to thor-
oughly characterize a new formulation during the devel-
opment process by analyzing a large number of
samples.

In pharmaceutical production, blend uniformity is usually
assessed only in terms of the distribution of the active
ingredient. The use of NIRS opens the door to a more
thorough evaluation of blend uniformity where the distri-
bution of the excipients is also considered.

Studies are currently under way using a 5-component
blend and a lower percentage of the active pharmaceuti-
cal ingredient. These studies are directed toward facili-
tating the use of NIRS for the development of methods
to assess blend uniformity.
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