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Abstract

Objectives. To study the influence of the type of matrix-forming material and excipients concentration, spray drying parameters on the
characteristics of the powder for inhalation, as well as to investigate the inhalation compositions for stability under stressful conditions.

Methods. Spray drying was used to obtain powder compositions with the required characteristics for inhalation therapy. Microscopic
and analytical studies of powders were carried out. Statistical analysis made it possible to estimate the influence of factors on the powder
characteristics and rank them by importance. The stability of spray dried powders was studied.

Results. The optimal parameters for obtaining powders for inhalation were found by means of mathematical statistics: air flow rate was
37 m3/h; compressed air flow rate — 601 L/h; inlet air temperature — 150°C; solution flow rate — 45% of the power of the peristaltic
pump (16.3 g/min for this composition); L-leucine concentration — 10 wt %; ratio of components of the matrix polyvinylpyrrolidone
K-30/D-mannitol = 1 : 3. Under these conditions, as well as by means of 2 experiments additionally selected from the research design,
a composition with isoniazid as an active substance was spray dried. The resulting powders were analyzed, in order to confirm the
correctness of the recommended parameters.

Conclusions. The selection of compositions and spray drying conditions involves multiple criteria. The characteristics of the powder for
inhalation may deteriorate significantly during long-term storage. The optimal parameters were determined using statistical analysis and
confirmed by experimental data.
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AHHOTaUuS

Heﬂﬂ. WccnenoBarh BIUSHUE THIIA Marepuala, ¢)0pMI/Ipy10mer0 KapKac 4aCTULlbl, KOHOEHTpPAIlUU BCIIOMOIr'aTCJIbHBIX BECUIECTB U IMapa-
METPOB pacnmnnTeanoﬁ CYHIKHU Ha XapaKTCPUCTUKU IMOPOLIKA It HMHT SN, HpOBepI/ITB WHTAJSIIIAOHHEINA COCTaB HA CTaOUIBLHOCTH
B CTPECCOBLIX YCIIOBHUAX.

Metoapl. {7151 TOMy4eHHs MOPOIIKOBBIX KOMIIO3UIMH ¢ TpeOyeMbIMHU XapaKTePUCTHKAMHK IS WHTAISIIMOHHON Tepanuy HCIONb30Ba-
J1ach PacTbUINTENbHAS CyIIKa. BBIIM MpOBeIeHbl MUKPOCKOIMIECKHE U aHAINTHYECKHE UCCIIeI0BAaHUS YacTHIl cyXoro mopomika. Cra-
THCTHYECKUI aHAIN3 TT03BOJIMI OLICHUTH BIHAHIE (PAKTOPOB HA XapaKTEPHCTHKHU MOTy4aeMOro TOPOIIKA ISl HHTAISIUHI U IPOPAHKHU-
POBaTh UX 110 3HAYMMOCTHU. BBITO MPOBEICHO HCCIeI0BAaHNE CTAOMIBHOCTH TTOPOIIKOB, TTOMYYEHHBIX MOCIIE PACTIBUIUTEIBHON CYIIKH.

Pe3ynbrarbl. MeToaMi MaTeMaTH4eCKON CTATHCTUKHM YAAJIOCh YCTQHOBUTH ONTHUMAJIbHBIC TAapaMeTpPhl MOJYYEHUS TTOPOLIKOB s
MHTaJISIAN: PACXO/ CYNIMIBHOTO areHTa COCTaBMI 37 M3/4; PacXojl CIKATOTO BO3AyXa, ToAaBaeMoro Ha dopcyHky — 601 n/4; Temme-
patypa CyIIMJIBHOTO areHTa Ha Bxoje B kamepy — 150°C; pacxon pactBopa — 45% OT MOLTHOCTH BCTpoeHHOro Hacoca (16.3 r/mMuH
JUISL TAHHOTO COCTaBa KOMMO3UINH); KOHIIeHTpanuus L-nelirmmaa — 10 mac. %; cOOTHOIIEHHE KOMITIOHEHTOB MaTPUIIBI TIOTMBUHUIITHP-
pomunon K-30/mannuton = 1 : 3. [Ipu gaHHBIX yCIOBUSX, a TAKXKe MIPU YCIOBHUAX 2-X HKCIIEPUMEHTOB JOMOJIHUTENBHO BEIOPAHHBIX U3
IUIaHA MCCIIEIOBAaHMIA, Oblila TIpOBe/IeHa HapabOTKa KOMITO3MIMHI ¢ H30HUA3U/IOM B Ka4€CTBE aKTUBHOT'O BEILIECTBA U TPOBEJICH aHAIIH3
TIOJIyY€HHBIX OPOIIIKOB, YTO MO3BOJIMIIO HOATBEPAUTH KOPPEKTHOCTh PEKOMEHI0BAaHHBIX ITapaMEeTPOB.

BriBoabl. [Tog60p cocraBa KOMIIO3UIMHN U yCIOBHIH PACIIBIIMTEIBHOMN CYILIKH SBISIETCSI MHOTOKPUTEpHAIbHOI 3a1a4eil. XapaKTepucTu-
KU MOPOLIKA JUISl MHIAJSILUA MOTYT 3HAYUTENBHO YXYAIIUTHCS TIPH JUTMTEIEHOM XpaHeHH!. OnTrMaibHble HapaMeTphl ObUIN OIpe/ielie-
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pacIbUIUTENbHAS CYIIKa, AKTUBHBINA (papMaleBTHUSCKUI HHIPEIUEHT, MUKPOIIOPOIIKH,
UHTJISIMS], METO/IbI INIAHUPOBAHUS IKCIIEPUMEHTA, ONITUMU3ALIMSI
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INTRODUCTION

Pulmonary drug delivery is a promising non-invasive
method of active pharmaceutical ingredient (API)
delivery for the local treatment of lung diseases [1]. This
delivery promotes rapid drug absorption and bypasses
the first-pass metabolism effect [2].

Studies have shown that for the purposes of
targeted drug delivery to the lungs, the particle size
should be in the range of 1 to 5 um [3]. Obtaining
particles in the specified size range is possible using
spray drying. This technology has such advantages as
high product yield (up to 70%), high drying rate, no
API overheating, and the ability to obtain a relatively
narrow size distribution of powder particles. This
factor is especially important in the development
of new inhalation drug delivery systems [4, 5].

Drying parameters and the composition of stock
solutions have a crucial influence on the release rate,
physical characteristics and the stability of powder
compositions. Such parameters need to be carefully
investigated, in order to ensure the delivery of high
doses of drug substance to the lungs. The dispersion
composition of the composition also plays an
important role in its stability and aerodynamics.

In addition to the aerodynamic diameter requirements,
the powder should have a good level of aerosolization,
depending on flowability and dispersibility [6].
Flowability (friability) is an important property of
inhalation powders, since it determines their behavior
when an emitted dose of drug is inhaled from a powder
inhaler [7].
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The addition of amino acids to powder compositions
can improve the solubility of the powder, its
aerodynamic characteristics and increase the yield of
the product. The introduction of such an amino acid as
leucine can reduce the surface tension and reduce the
size of droplets formed during atomization [2]. This
results in finer particles, preferred for pulmonary drug
delivery, and reduces agglomeration of the powder
during storage [1].

Due to their non-toxicity, affordability and water
solubility, disaccharides such as lactose, trehalose and
mannitol are widely used in the manufacture of inhalation
powders. The introduction of carbohydrates in inhalation
powders should take into account their hygroscopicity,
glass transition temperature and possible interaction
with other components and APIs. Hygroscopicity affects
the ability of the powder to absorb moisture, as well
as drug stability and caking. Studies have shown that
the addition of non-hygroscopic mannitol to powder
composition improves its dispersibility and prevents
particle caking [8].

Biocompatible polymers of synthetic and natural
origin can be used as carriers in the creation of inhaler
compositions [9, 10]. One widely used polymer in the
pharmaceutical industry is polyvinylpyrrolidone (PVP).
PVP grade K-30 is widely used in pharmaceutical
technology as solution stabilizer, filler and binder.

Isoniazid (widely used for the treatment of
tuberculosis) which acts on pathogens located extra-
and intracellularly [11] was selected as an API. Using
a powder composition consisting of isoniazid, mannitol,
leucine and PVP, a stable and easy to use dosage form,
can be obtained.

Fillers play an important role in dry inhalation
powders. They provide the necessary aerodynamic
characteristics and stability of physical properties of the
composition [12].

Studies on the stability of pharmaceuticals were
conducted, in order to study the degradation of drug
substances, as well as to preserve the characteristics of
the composition under the influence of stress factors
(increased values of temperature and humidity) [13]. This
is necessary, in order to develop the optimal composition
of the drug product, as well as to determine the basic
requirements for the creation of primary packaging.
Based on the results of studies, specific storage
parameters for drug substances were established [14]. In
the present work, the stability of powders obtained after
spray drying was investigated at temperature 7' = 40°C
and humidity W = 70%.

The aim of the present study was to research the
effect of composition and spray drying parameters
upon the properties of the obtained powder inhalation
composition and its stability during storage.

MATERIALS AND METHODS

Materials. The experimental work for preparation
of placebo powders used mannitol, D(-)-mannite
E 421 (hereinafter D-mannite) grade (Merck, Germany);
amino acid L-leucine (Suzhou Vitajoy Bio-Tech Co.,China);
PVP K-30 grade (NEO Chemical, Russia). Mannitol
together with PVP K-30 are used as the matrix-forming
agents. Isoniazid was used as the API. The pharmaceutical
substance was synthesized at the Department of Organic
Chemistry, D.I. Mendeleev Chemical University of
Russia. The high quality of isoniazid was confirmed by
high-performance liquid chromatography.

The experimental design. In order to improve the
efficiency of the experiment and obtain reliable results,
the experimental design is advisable. Due to the large
number of influencing factors and available limitations
on the number of experiments, a full factorial experiment
combined with two Latin squares was constructed
(Table 1).

The most significant controlled parameters were
identified: L-leucine concentration (10, 15, 20, and
25%); PVP K-30/D-mannite ratio = 1 : 3 and PVP
K-30/D-mannite = 3 : 1. These parameters were varied at
four levels. The parameters: drying agent flow rate (32 and
37 m3/h); compressed air flow rate supplied to the nozzle
(473 and 601 L/h); drying agent temperature at the chamber
inlet (150 and 180°C); liquor flow rate (45 and 55% of the
capacity of the built-in pump)—were varied at two levels.

The design of experiment is presented in Table 2.
Sixteen experiments were conducted, with experiments
No. 8 and No. 9 conducted in three repetitions to assess
the homogeneity of variance and reproducibility variance.

Preparation of dry powder compositions. The
composition of solutions is presented in Table 3. In order
to prepare the solutions, 219.3 g of distilled water were
measured into a glass beaker and the required weights
of L-leucine, D-mannite, PVP K-30 were added one
by one. Then everything was stirred with a magnetic
stirrer until the formation of a translucent solution and
complete dissolution of these substances. The solutions
obtained were dried on a spray dryer Mini Spray Dryer
B-290 (Buchi, Switzerland). Drying parameters were set
according to the planning matrix (Table 2).

Characterization of the obtained dry powder
compositions. The yield and the following characteristics
were determined for all samples obtained: bulk density,
friability, residual moisture content and the angle of
repose. The characteristics were measured immediately
after filling and after 2 weeks of storage at 7' = 40°C,
W="10%.

The product yield was determined as follows: the
ratio of the mass of powder obtained after the spray
drying process to the total mass of solid added to prepare
the stock solution (1):
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Table 1. Variable factors and their acceptable values

Values
No. Parameter
*) ©)
X Air flow rate, m3/h 37 32
X, Compressed air flow rate, L/h 601 473
X5 Inlet air temperature, °C 180 150
X, Power of peristaltic pump, %" 55 45
Factors varying at four levels

A B C D
s | Matrix-forming material k30 | DMammitol | PVP K—3(i/11)-:l\;lannitol = | pvp K-3(i/]3)-:1\;[annitol =
X L-Leucine concentration, % 10 15 20 25

*Note: since the compositions of the solutions were different, their density and viscosity varied accordingly, therefore, for each experiment,
the flow rate of liquid supplied for drying at a given power was measured individually during the drying process.

Table 2. Design of experiment

Table 3. Composition of solutions

No. X, X, X, Xy X X No. | PVP, g | D-Mannitol, g | L-Leucine, g | H,04, g
1 - - - - A 10 1 12.6 0 1.4 219.3
2 + - - - B 15 2 0 11.9 2.1 219.3
3 - + - - C 20 3 2.8 8.4 2.8 219.3
4 + + - - D 25 4 7.9 2.6 3.5 2193
5 - - + - B 25 5 0 10.5 3.5 219.3
6 + - + - A 20 6 11.2 0 2.8 219.3
7 - + + - D 15 7 8.9 3.0 2.1 2193
8 + + + - C 10 8 3.2 9.5 1.4 219.3
9 - - - + C 15 9 3.0 8.9 2.1 219.3
10 + - - + D 10 10 9.5 32 1.4 219.3
11 - + - + A 25 11 10.5 0 3.5 219.3
12 + + - + B 20 12 0 11.2 2.8 219.3
13 - - + + D 20 13 8.4 2.8 2.8 219.3
14 + - + + C 25 14 2.6 7.9 3.5 2193
15 - + + + B 10 15 0 12.6 1.4 2193
16 + + + + A 15 16 11.9 0 2.1 2193
330 Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2024;19(4):327-336



Study of inhalation micropowders
obtained by spray drying

Larisa A. Shcherbakova,
etal.

m .
nzmxloo%’ (1)

Myotal

wherein 1 is a product yield.

Determination of particle size distribution. Using
Micros MCX-100 Crocus optical microscope (Micros,
Austria) with hundredfold magnification, particle
sizes were determined. In order to study each powder
obtained, a small amount of sample was taken and placed
on a Goryaev chamber (Minimed, Russia). The images of
micropowders were processed using ImageG software!.
In order to characterize the dispersion composition of the
samples, the median diameter as well as the quantile of
D,, and D, were used. Scanning electron microscopy
(JEOL 1610LV scanning electron microscope JEOL
1610LV (JEOL, Japan)) was performed, in order to
visualize the diameter, structural and surface morphology
of the microparticles.

The residual moisture content of the samples was
determined using an Axis AGS500 moisture analyzer
(Axis, Sweden) at 40°C in automatic mode.

Bulk density measurement. In order to establish the
bulk density values, the powder was placed in a 1-mL
microtube (Eppendorf, Germany). The bulk density
was determined by the formula as to be the ratio of the
mass of the bulk material to the volume occupied by it,
including the pores between the particles (2):

p=7 2
wherein p is the bulk density of the powder; m is the
mass of the powder; V is the volume of the powder.

The angle of repose is a constant three-dimensional
angle relative to the horizontal surface formed by a cone-
shaped pyramid of material. The angle of repose value
was measured in at least three repetitions using an ADA
AngleMeter 40 electronic angle meter (4DA Instruments,
China) in three planes and expressed in angular degrees.

Investigation of powder stability under stress
conditions. The process of testing powder samples
for caking was carried out in the following way. First,
sample preparation was carried out. For each sample,
two gelatin capsules of 0.25 g of powder were filled.
The powder was obtained as a result of the spray drying
process. Each pair of capsules was placed in a small
filter paper envelope and sent to a Memmert heat-cold-
moisture climate chamber HPP110eco, 108 L (Memmert,
Germany). Powder caking determination tests were
performed at 40°C and 70% humidity. After 14 days of
keeping the capsules in the climatic chamber, the powder
samples were evaluated, checked for caking or sticking.

1 https://imagej.net/. Accessed May 10, 2023.

Then the following characteristics were determined:
residual moisture content, particle size distribution and
angle of repose.

Statistical analysis of the results. In order to
determine the intensity of the influence of the studied
factors on the characteristics of micropowders, statistical
analysis of the results was carried out in accordance
with [15]. During the analysis, the effects of all factors
were calculated and their significance was assessed.

Since multi-criteria problems may not have a local
optimum, this case required a transition to a single-
criteria problem (convolution of criteria), for example,
by the utopian point method [15]. For this purpose, the
criteria are normalized in accordance with formula (3):

norm _ _ " J

,j=12,...,16, 3)
J
wherein 7™M jg the normalized value of the criterion;
opt ]; is the optimal value of the criterion, j is the ordinal
number of the criterion.

The position of the utopian point in the space of vector
estimates was determined by equations (4) and (5):

Fr=(f fy v fo)sm=1,..., 6, 4)

7 =opt from, (5)

wherein F* are coordinates of the ideal point in the f,:
criterion space, since no criterion can obtain a higher
value; opt fj‘.lorm is the optimal value of the normalized
criterion, m is the ordinal number of the criterion.

For each experiment, we calculated the distance to
the utopian point in space by formula (6):

dy =\ U = 3™, m= 1,6, ©

wherein d/. is the distance to the utopian point, m is the
ordinal number of the criterion.

The optimal conditions were determined by
minimizing the distance to the utopian point.

RESULTS AND DISCUSSION

According to the methodology and experiment plan,
16 experiments were carried out at different values of
varying factors. Analytical studies were carried out for
each obtained sample, the results of which are presented
in Table 4.

Analytical studies of the micropowders obtained
showed that the product yields ranged from 29.5 to
73%, with high yields (more than 60%) obtained in
experiments Nos. 6, 7, 8, 11, 12, 15, and 16.
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Table 4. Analysis of the obtained powders
No. | Product yield, % Resiiﬁi:;f);mre o fﬁ;ilsz, o | Bulk density, g/cm? D, hm Dy, pm Dy, pm
1 36.6 0.36 43 0.45 22 4.0 6.9
2 40.3 0.12 50 0.54 2.5 4.4 7.1
3 313 0.25 34 0.50 2.1 2.8 4.9
4 29.5 0.32 36 0.42 2.4 3.1 8.5
5 319 0.32 24 0.38 2.0 3.8 6.1
6 66.1 0.65 27 0.39 2.3 3.6 6.4
7 61.4 0.60 36 0.48 3.9 5.1 6.9
8 60.3 0.45 23 0.52 2.7 3.8 4.9
9 47.4 0.18 37 0.61 2.3 32 4.6
10 44.4 0.57 37 0.51 2.1 2.8 3.6
11 64.3 0.60 33 0.43 1.3 1.7 2.3
12 73.3 0.19 32 0.50 2.5 34 4.5
13 36.8 0.22 33 0.39 6.4 8.8 12.7
14 314 0.15 34 0.41 1.6 2.5 3.6
15 72.8 0.12 33 0.59 24 3.0 5.1
16 70.9 0.18 38 0.40 52 6.2 8.2

The samples studied retain a small percentage of
residual moisture content (range from 0.12 to 0.65 wt %).

The angle of repose is in the range of 23—-50° (except
for powder No. 2). Bulk density for all samples is less
than 0.6 g/cm?, indicating a high level of fluidity of the
obtained dry powder compositions. The particle sizes in
samples Nos. 3, 812, 14, and 15 fall within the range
of 1-5 um, which makes them suitable for inhalation
application.

Statistical analysis revealed that the residual moisture
content in the studied range is not affected by any of the
factors. With regard to the remaining criteria, analysis
showed the contradictory nature of the influence of the
factors. The optimal conditions for spray drying were
obtained and established that the distance to the utopian
point should be minimal: X, is the drying agent flow
rate (+) 37 mi/h; X, is the compressed air flow rate

supplied to the nozzle (+) 601 L/h; Xj; is the drying agent
temperature at the chamber inlet (-) 150°C; X, is the
solution flow rate (—) 45 (g/min); X is the matrix material
(0.621) = C (PVP K-30/D-mannite = 1 : 3), where C is
the concentration; X, is the L-leucine concentration
(0.626 g) = 10%.

Figure shows scanning electron microscope
photographs of samples Nos. 2 and 10. The images
shows that the particles have a regular spherical shape.
The particle size of sample No. 2 has greater uniformity.

After storage of pharmaceutical substances under
stress conditions, analytical studies were performed
(Table 5).

After a two-week storage period of the samples under
stress conditions, it was visually determined that powders
Nos. 1 and 7 lost their bulkiness (i.e., stuck together).
In this way further analysis of these samples became
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SEI 15kV WD12mm SS1§ x16000 1um — -.‘5.;-\,' WD12Zmm S515

26621

Fig. Scanning electron microscope photographs of samples No. 2 and No. 10. Photographs of the samples were made on the equipment
of the Central Research Center of the D.I. Mendeleev University of Chemical Technology of Russia

Table 5. Analysis of powders after storage under stress conditions

No. Residual moisture content, % Dy, pm Dy;, pm Dy, pm Angle of repose, ©
1 _ _ _ _
2 0.41 3.8 5.59 8.1 38
3 0.63 43 5.90 8.7 35
4 1.15 2.9 4.90 7.1 23
5 0.28 4.0 5.70 8.5 36
6 2.25 4.1 6.00 8.6 40
7 _ _ _ _
8 0.95 3.6 5.80 8.6 27
9 0.81 4.5 6.40 9.2 51
10 2.07 3.6 6.30 8.6 32
11 2.08 4.1 5.90 8.0 30
12 0.30 35 5.30 7.8 30
13 1.40 2.4 3.60 5.7 27
14 0.54 3.2 5.00 6.7 41
15 0.12 3.4 4.95 7.6 35
16 2.32 5.0 7.28 10.0 32
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impossible. All other samples had a small angle of repose.
Comparing the parameters obtained in Tables 4 and 5,
we can see that after stress tests the residual moisture
content and particle size increased insignificantly.

Based on the above, the conclusion can be drawn that
not all powders are suitable for long-term storage under
stress conditions. In experiments Nos. 8 and 12, the best
parameters were obtained, meeting the requirements for
inhalation powders.

Preparation of powder compositions with API.
In order to obtain solutions with API (isoniazid), the
conditions obtained as a result of criteria convolution
(Table 6, sample 3), as well as the parameters of
experiments Nos. 8 and 12 (Table 6, samples 1 and 2,
respectively) were used. These samples of placebo
compositions showed the best characteristics.

Spray drying conditions for these samples are given
in Table 7. The results of the study of the samples of
compositions are presented in Table 8.

Table 6. Composition of solutions

Table 8 shows that in all experiments, a high
product yield (more than 60%) was obtained. Since
all powders have a small angle of repose and low bulk
density, the aerodynamic properties of these samples
can be considered good. The particle sizes have narrow
particle size distribution, which makes them suitable for
inhalation application.

The samples were investigated for stability under
stress conditions for a period of two weeks (7' = 40°C;
W =70%). After this time interval, the characteristics of
the samples did not change significantly (Table 9).

Thus, the found optimal conditions ensure the
achievement of the stated result.

CONCLUSIONS

The series of studies showed the contradictory
influence of composition components and spray
drying conditions upon the different characteristics

No. PVP, g D-Mannitol, g L-Leucine, g Isoniazid, g H,O4i 8

1 1.6 4.75 0.7 0.5 109.65

2 0 5.60 1.4 0.5 109.65

3 1.6 4.75 0.7 0.5 109.65

Table 7. Parameters of experiments

No. X X, X, X, X X

1 37 601 180 45 C 10

2 37 601 150 55 B 20

3 37 601 150 45 C 10

Note: X, is the flow rate of spray gas, m3/h; X, is the flow rate of compressed air per nozzle, L/h; X; is the temperature of spray gas
at the spray cylinder inlet, °C; X, is the power of peristaltic pump, %; X; is the matrix material; X, is the L-leucine concentration, %;

B is D-Mannitol; C stands for PVP K-30/D-Mannitol =1 : 3.

Table 8. Analysis of the resulting API powders

Sample | Productyield, % | Residual moisture content, % o firgils; o Bull; /lerlgsity, Dy, um | Dgp,pm | Dy, pm
1 68.6 3.8 15 0.5 3.5 4.6 6.5
2 66.6 3.8 16 0.3 35 4.7 5.8
3 68.6 3.6 21 0.4 2.7 3.7 4.8
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Table 9. Analysis of resulting API samples after storage under stress conditions

Sample Residual moisture content, % Angle of repose, ° Dy, pm Dy, pm Dy, pm
1 43 18 3.2 4.5 5.9
2 4.0 17 2.1 3.0 43
3 4.6 20 3.1 4.2 6.1
of the dry powder compositions obtained. The utopian Acknowledgments

point method was used in order to determine the
optimal conditions. For the established parameters,
a dry powder composition containing isoniazid was
produced. This composition included a mixture of
PVP K-30/D-mannite = 1 : 3 and L-leucine with a mass
loading of 10% as matrix material. Analysis of the
characteristics of the product obtained immediately
after drying and after two weeks of storage in conditions
of high humidity and temperature confirmed that the
required values of quality indicators had been achieved:
product yield 68.6%; moisture content less than 5%;
angle of repose less than 20°; average particle diameter
4.2 um.
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