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Abstract. Albendazole, an effective broad-spectrum anthelmintic agent, showed unpre-
dictable therapeutic response caused by poor water solubility and slow dissolution rate. Then,
novel binary and multicomponent supramolecular systems of two different solid forms of
albendazole (I and II) with maltodextrin alone or with glutamic acid were studied as an
alternative to improve the oral bioavailability of albendazole. The interactions and effects on
the properties of albendazole were studied in solution and solid state. The solid systems were
characterized using Raman and Fourier transform-infrared spectroscopy, thermal analysis,
powder X-ray diffraction, and scanning electron microscopy. The solubility measurements,
performed in aqueous and simulated gastric fluid, showed that albendazole (form II) was the
most soluble form, while its supramolecular systems showed the highest solubility in
simulated gastric fluid. On the other hand, the dissolution profiles of binary and
multicomponent systems in simulated gastric fluid displayed pronounced increments of the
dissolved drug and a faster dissolution rate compared to those of free albendazole forms.
Thus, these supramolecular structures constitute an interesting alternative to improve the
physicochemical properties of albendazole, with potential application for the preparation of
pharmaceutical oral formulations.
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INTRODUCTION

It is well known that active pharmaceutical ingredients
(APIs) can exist in different crystalline solid forms. This
phenomenon, known as polymorphism, can produce signifi-
cant changes in their chemical and physical properties
including solubility, stability, bioavailability, and organoleptic
characteristics, among others (1,2). The relevance of control-
ling polymorphism in the pharmaceutical industry is associ-
ated with its significant impact on the preformulation

research, which is of great significance for the rational design
of novel materials with optimal quality, safety, and efficacy.

Albendazole (ABZ, Scheme 1) is an effective broad-
spectrum anthelmintic agent (3). This benzimidazole carba-
mate, used in human and veterinary medicine (4–6), showed
unpredictable therapeutic response due to low and erratic
oral bioavailability caused by poor water solubility and slow
dissolution rate. Also, two solid forms have been described
for ABZ, designated as ABZI and ABZ (7,8). In our
previous report, the desmotropy of ABZ has been studied
revealing different tautomeric states in solid state (7).

Different approaches have been previously investigated
to improve the solubility, the dissolution rate, and/or the
bioavailability of ABZ, including liposome, solid dispersions,
microencapsulation, co-crystallization, microcrystal formula-
tion, nanoparticles, and complexes with cyclodextrins (9–11).
However, only our recent study has considered the different
solid forms of this API. We have reported novel complexes of
forms I and II of ABZ with β-cyclodextrin (β-CD) as an
alternative to improve the oral bioavailability of ABZ (12).

Recently, maltodextrins (MDs, Scheme 1) have been
successfully used for drug delivery (13–15). MDs are products
obtained from the partial hydrolysis of food grade starch with
suitable acids and/or enzymes, which consist of a mixture of
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saccharide polymers (amylose and amylopectin). In addition,
the formation of multicomponent complexes with a specifi-
cally selected third auxiliary substance has become more
frequent in order to improve the desired physicochemical,
chemical, or toxicological properties of different APIs (16,17).
In particular, some aminoacids have been used as third
components to increase the aqueous solubility of APIs
(16,18,19).

In this work, we focused our interest on the study of
supramolecular binary complexes of forms I and II of ABZ
with MD. In addition, multicomponent complexes were
obtained considering the basic nature of ABZ by adding
glutamic acid (GLU, Scheme 1), an acid aminoacid, as third
component. We prepared and characterized the complexes,
evaluating their effect on the solubility and dissolution
behavior of the two solid forms of ABZ.

MATERIAL AND METHODS

Chemicals and Reagents

Albendazole (ABZ) and maltodextrin (MD, MW=
10,370) were provided by Todo Droga (Argentina). L-
glutamic acid (GLU) was supplied by Anedra (Argentina),
while potassium bromide was purchased from Merck (Ger-
many). Methanol, analytical reagent grade, was obtained
from Cicarelli (Argentina). A Millipore Milli Q Water
Purification System (Millipore, Bedford, MA, USA) gener-
ated the water used in these studies. All other chemicals were
of analytical grade.

Obtaining the Form II of Albendazole

The solid form II of ABZ was recrystallized from a
methanol solution as previously reported (10). ABZ form I
that corresponds to the commercially available ABZ was
dissolved in methanol, heated, and stirred until a clear
solution was formed. Then, the solution was filtered, followed
by slow evaporation of the solvent under ambient conditions
until crystallization was complete. Light brown crystals were
collected after 10 days.

Solubility Studies

The effects of MD alone or with GLU on the solubility
of forms I and II of ABZ were studied in aqueous and
simulated gastric fluid without enzymes (SFG). The solubility
measurements were performed according to the method of
Higuchi and Connors (20). An excess of ABZ (approximately
20 mg of forms I and II, respectively) was added to solutions
containing increasing concentrations of MD, which ranged
from 0.9 to 9.5 mM. In the presence of GLU, an excess of
ABZ was added to solutions containing MD ranging from 0.9
to 9.5 mM and GLU 7.5 mM. The suspensions were agitated
in an ultrasonic bath (Elmasonic S40) and then maintained at
37.0 ± 0.1°C for 72 h in a constant-temperature water bath
(Pilot One, Huber). After that, the remaining solid ABZ was
removed by filtration through a 0.45-μm membrane filter
(Millipore, USA). The clear solutions were suitably diluted
and analyzed by UV-Vis spectrophotometry (Agilent Cary 60
spectrophotometer).

Preparation of Solid Samples

Solid-state binary and multicomponent systems of ABZI
and ABZII in equimolar ratio with the ligands were prepared
as follows:

Kneading Method (KN)

The systems ABZI:MD (KNB-I), ABZII:MD (KNB-II),
ABZI:MD:GLU (KNT-I), and ABZII:MD:GLU (KNT-II)
were prepared by accurately weighing appropriate amounts
of MD and then transferring them to a mortar. A methanol-
water (50:50, v/v) mixture was added to the MD powder and
the resultant slurry was kneaded for about 10 min. Then, the
corresponding solid form of ABZ was added in small portions
with the simultaneous addition of the solvent in order to
maintain a suitable consistency. For multicomponent systems,
GLU was added simultaneously. These slurries were kneaded
thoroughly for about 45 min, and the resultant pastes were
dried in vacuum at 45°C for 72 h, and protected from light.

Scheme 1. (a) ABZI, (b) ABZII, (c) GLU and (d) MD
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Physical Mixture (PM)

Physical mixtures of ABZI:MD (PMB-I), ABZII:MD
(PMB-II), ABZI:MD:GLU (PMT-I), and ABZII:MD:GLU
(PMT-II) were prepared by simply blending the correspond-
ing components uniformly with a mortar and pestle.

Raman Spectroscopy

Raman spectra were recorded on a LabRAM HR
(Horiba) spectrometer equipped with a liquid N2-cooled
CCD detector using a near infrared laser (785 nm) for
excitation, with a power of 100 mW. The spectral region
studied was 50–4000 cm−1 and the measurements were
carried out using a ×50 nir microscope objective, with an
acquisition time of 150 s by region.

Fourier Transform-Infrared Spectroscopy (FT-IR)

The FT-IR spectra were recorded on a Nicolet 5 SXC
FT-IR Spectrophotometer (Madison, WI, USA), with the
potassium bromide disks being prepared by compressing the
powder.

Thermal Analysis

Simultaneous differential scanning calorimetry (DSC)
and thermogravimetric analysis (TGA) experiments were
performed on a Jupiter STA 449 F3 Jupiter (Netzsch) system.
Measurements were obtained over a temperature range of
30–450°C using a heating rate of 10°C min−1 and a sealed
aluminum crucible with pierced lids containing 5 mg of
sample. The sensors and the crucibles were under a constant
flow of nitrogen (70 mL/min) during the experiment.

Powder X-Ray Diffraction (PXRD)

Powder X-ray diffraction patterns were obtained at
ambient temperature using a Philips PW1710 diffractometer
operating at 45 kV and 30 mA with Cu-Kα radiation. The
powder pattern was collected by scanning 2θ from 2° to 40°
with a step size of 0.05° at a scanning rate of 2.5 s/step.

Scanning Electron Microscopy Studies (SEM)

Microscopic morphological structures of the raw mate-
rials and the solid-state systems were investigated and
photographed using a Carl Zeiss Σigma scanning electron
microscope. The samples were fixed on a brass stub using a
double-sided aluminum tape, which were gold-coated under
vacuum by employing a sputter coater Quorum 150 to
improve the conductivity.

Dissolution Studies

The dissolution profiles of the systems KNB-I, KNB-II,
KNT-I, KNT-II, PMB-I, PMB-II, PMT-I, and PMT-II were
evaluated in a dissolution apparatus (Hanson SR II 6 Flask
Dissolution Test Station, Hanson Research Corporation,
Chatsworth, CA, USA) using the paddle method according
to USP apparatus 2, at a temperature of 37.0 ± 0.5°C and

stirring at 50 rpm. Samples of each powder containing about
50 mg of ABZ were compressed using a hydraulic press at an
appropriate force to obtain discs, which will not be
disintegrated under the test conditions. The discs were
immersed into 500 mL of SGF and aliquots of the dissolution
medium were taken at appropriate time intervals, with
immediate replacement by equal volumes of fresh medium
maintained at the same temperature. Each sample was
filtered, adequately diluted with dissolution media, and
analyzed for ABZ content by spectrophotometry (Agilent
Carry 60 spectrophotometer) at 299 nm. Cumulative percent-
ages of the API released from the discs were calculated. All
the experiments were performed in triplicate. The results
were expressed as mean % of ABZ released (± SD) at the
given sampling time.

The dissolution profiles were evaluated using the simi-
larity factor (f2) (21), which is a model adopted by several
guidances as a criterion for estimating the closeness between
in vitro dissolution profiles (22) as:

f2 ¼ 50log 1þ 1
n

∑
n

t¼1
Rt−Ttð Þ2

� �−0;5
100

( )
ð1Þ

where n is the number of sampling points, and Rt and Tt are
the percentages dissolved of the reference and the test
product, respectively, at each time point t. For curves to be
considered similar, the f2 values should be close to 100.
Generally, f2 values are greater than 50 (between 50 and
100), which implies an average difference of no more than
10% at the sample time points. This ensures equivalence of
the two curves and, thus, of the performance of the test and
the reference products.

RESULTS

Phase Solubility Analysis

The effect of MD and GLU on the solubility of both
solid forms of ABZ was evaluated in aqueous and SGF
solutions at 37.0 ± 0.1°C. Figure 1 shows the phase solubility
diagrams obtained by plotting the changes in ABZ solubility
as a function of MD concentration. All solubility profiles were
classified according to Higuchi and Connors (20) (Table I).
The apparent stability constant (KC) values were used to
compare the affinity of the API for the ligands. The values,
shown in Table I, were estimated from the slope of the initial
linear portion of the diagrams and the intrinsic solubility of
each solid form (S0), according to the following equation:

KC ¼ slope=S0 1−slopeð Þ ð2Þ

Solid-State Characterization

In order to characterize samples prepared by the
methods KN and PM, the solid samples were examined using
several experiments such as Raman and FT-IR spectroscopy,
DSC, TGA, PXRD, and SEM. Also, they were then
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compared to the pure components trying to obtain supporting
evidence of interaction.

Raman Spectroscopy

It was possible to identify and unequivocally distinguish
the solid forms I and II of ABZ from their Raman spectra. As
depicted in Fig. 2b, ABZ I and ABZ II, in particular,
exhibited significant spectral differences in the 150–800 cm−1

zone. Furthermore, differences were observed in the spectral
region between 1300 and 1400 cm−1. Additionally, with the
aim of evaluating the effect of the procedure used for the
preparation of solid binary and multicomponent systems,
both ABZ forms were kneaded (ABZI KN, ABZII KN) for
about 45 min. Both spectra were analyzed (Fig. 2b) and no
differences were detected with respect to the spectra of the
unprocessed samples.

Raman spectra of KNs and PMs systems were taken
and compared with those of their corresponding free
components: ABZI, ABZII, MD, and GLU (see
Supplementary Material, Fig. S1). The spectra for KNs and
PMs consisted of an overlay of the characteristic peaks of
the pure compounds spectra.

FT-IR Spectroscopy

Segments of the FT-IR spectra of ABZI, ABZII, MD,
GLU, and their corresponding KNs and PMs systems were
evaluated (shown in Supplementary Material, Fig. S2). Both
ABZ solid forms were characterized previously (7). Their FT-
IR spectra revealed marked differences that allowed the
distinction between both forms. The bands originated due to
the NH stretching vibration could not be analyzed because
they overlapped with the band attributed to the O–H
stretching vibrations of MD. The FT-IR spectrum of KNB-II
showed that the bands at 522 and 447 cm−1 shifted to higher
frequencies. On the other hand, in the spectrum of KNT-I, it
can be observed that the bands at 1442 and 1322 cm−1

disappeared. In the case of KNB-I, KNT-II, PMB-I, PMB-II,
PMT-I, and PMT-II, the FT-IR spectra showed the superpo-
sition of the single components.

Thermal Analysis

The DSC and TGA profiles of ABZI, ABZII, MD, GLU,
and their corresponding KNs and PMs systems are shown in Fig. 3.
The DSC profile of ABZI showed three transitions: a melting

Fig. 1. Effect of MD and GLU on the solubility of ABZI and ABZII in a aqueous and b simulated gastric fluid solutions

Table I. Summary of solubility studies at 37.0 ± 0.1°C

System Smax (μg/mL) Solubility
Increased (Smax/S0)

Kc (M−1) Isotherm

Water
ABZI:MD 9.9 ± 1.0 2.5 – –
ABZI:MD:GLU 8.8 ± 1.3 2.7 105 AP
ABZII:MD 16.7 ± 1.8 2.8 324 AL
ABZII:MD:GLU 15.2 ± 0.3 2.5 – B

Simulated gastric fluid
ABZI:MD 416.1 ± 18.4 7.1 411 AP
ABZI:MD:GLU 356.5 ± 50.6 6.1 1373 B
ABZII:MD 1187.9 ± 21.5 4.0 309 AP
ABZII:MD:GLU 750.8 ± 44.9 2.5 120 AP
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endotherm at 214.4°C (with onset at 194.4°C) with a weight loss of
12.4% in TGA and two endotherms at 323.5 and 378°C due to the
decomposition phenomena which were associated with a mass loss
of 39% beginning at 286°C. The DSC profile of ABZII showed
four transitions: a weak endotherm at 158.6°C without mass loss
over the range 130–180°C in the TGA curve, an endotherm at
215.2°C (with onset at 202.7°C) associated with a mass loss of 13%
in TGA, and two exotherms at 320.4 and 379.7°C which were
attributed to the decomposition of the drug, with a mass loss of
40.5% beginning at 290°C. This indicated a polymorphic phase
transition, where form II transforms into form I and then melts as
form I. On the other hand, the DSC trace of MD showed a broad
endotherm with a maximum at about 99.3°C, corresponding to a
dehydration process as determined by a mass loss of 4.36%
registered by TGA as well as an endotherm at 237.1°C and an
exotherm at 312.1°C, which were ascribed to the decomposition
process due to their correlation with a mass loss of 56.84% in the
TGAcurve. TheDSC curve obtained forGLUexhibited twomain
events: a sharp endothermic peak at 210.7°C (with onset at 206°C)
attributable to themelting of the drug, with a mass loss of 12.8% in
TGA, followed by a small exotherm at 314.3°C associated with the
decomposition with a mass loss of 45.4%.

The DSC curves of binary KN systems displayed
endotherms similar to those observed for the ABZ melting
events, which could reflect the presence of remaining drug
crystals unincorporated in the carrier. The profile of KNT-I
showed endotherms only at 105.4 and 216.5°C, while the
curve of PMT-I evidenced the characteristic events (118.9,
204.8, and 215.8°C) of the individual components. A similar
behavior was found for KNB-II, which exhibited two
endotherms at 137.4 and 215.9°C, while its corresponding
PM reflected the presence of the individual components. In
contrast, the curve of KNT-II was very similar to that of PMT-
II.

In addition, a mass loss associated with the degradation
phenomena was registered by TGA. The profiles showed that
the decomposition of KNB-I, KNT-I, KNB-II, and KNT-II
started above 208, 195, 183, and 203°C, respectively.

PXRD

The diffractograms shown in Fig. 4 were obtained from
powder samples in order to investigate the characteristics of

the obtained binary and ternary systems. In the PXRD
patterns for both ABZ solid forms reported previously (7),
diffractograms of crystalline compounds were evidenced.
Clear differences in intensity and sharp peaks confirmed that
they were different crystal forms. The diffractogram of MD
showed a characteristic hollow pattern revealing its amor-
phous state, whereas GLU exhibited characteristic peaks
consistent with its crystalline state. The PXRD patterns for
KNs and MPs of binary and ternary systems displayed
reflection characteristics of the components, according to
each case, with intensities lower than those of pure materials.

Additionally, the effect of the procedure used for the
preparation of solid binary and multicomponent systems was
evaluated. Therefore, both ABZ free forms were kneaded
(ABZI KN, ABZII KN) for about 45 min. The diffractograms
were analyzed (Fig. 2a) and no differences were detected with
respect to the patterns of the unprocessed samples.

SEM

Figure 5 illustrates the SEM photomicrographs showing
the morphological differences between the samples. In our
previous reports, ABZ I and II (12) showed a crystalline
structure and MD (23) presented hollow spherical entities;
while, in this work, GLU exhibited plate-like crystals. The
SEM images of KN systems showed a drastic change in the
morphology; it was observed that the original shape of the
single materials disappeared. The KN systems showed a less
ordered structure constituted by irregular compact particles
with some cracks and small spherical slits. In particular, the
slits were observed in greater quantity and definition in the
ternary KNs. On the other hand, the raw materials were
clearly detectable in the SEM images of PMs.

Dissolution Studies

Figure 6 shows the effect of the supramolecular binary and
multicomponent systems on dissolution profiles in SFG. The f2
values are given in Table II.

In particular, the curves of the multicomponent systems
of ABZI showed that the addition of GLU to the binary
systems led to an increase in the percentage of dissolution of
the API. It was determined that KNB-I produced a 66% of

Fig. 2. a Powder X-ray diffraction patterns and b Raman spectra of ABZI, ABZI KN, ABZII, and ABZII KN
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the drug dissolved, while KNT-I increased to 87%. PMB-I
dissolved 65% of the API and PMT-I increased to 98%, while
ABZI alone dissolves only 1.2%. On the other hand, the
addition of GLU to the binary systems of ABZII did not
show important modifications in the dissolution performance.
The quantity of API dissolved after 120 min was as follows:
84% for KNB-II, 86% for KNT-II, 95% for PMB-II, and
100% for PMT-II, whereas ABZII alone dissolves only 1.3%.
It was determined that PMT produced the highest dissolved
percentage for both ABZ forms.

In addition, the dissolution profiles of the binary and
multicomponent systems were compared with those of
reference (free ABZI and ABZII, respectively) by applying
the similarity factor (f2) (Table II).

DISCUSSION

Solubility Studies

ABZ is an API weakly basic in nature (pKa values of
2.68 and 11.83) categorized as class II in the biopharmaceu-
tical classification system (24). Also, it is almost insoluble in
water; its solubility decreases with increasing solution pH. In
our previous report, the intrinsic solubility of ABZI and
ABZII was determined (12). Hence, the complex formation

appears as an especially effective strategy to improve the
physicochemical properties of ABZ. Thus, the effect of MD
and GLU on the solubility of both solid forms was evaluated
in aqueous and SGF solutions at 37.0 ± 0.1°C.

According to the KC values (Table I), it can be observed
that the ABZ ionization in SGF increased the interaction
between each desmotrope and the ligands; consequently, the
binary and multicomponent systems showed higher solubility.
The KC values clearly demonstrated that, within experimen-
tal error, ABZI had higher affinity for the ligands than
ABZII. However, ABZII:MD and ABZII:MD:GLU showed
the highest solubility in SGF.

Although the binary and multicomponent complexes
obtained with MD and GLU showed a significant increase
in ABZ solubility, the amount solubilized was small in
comparison with the solubility obtained with β-CD complexes
(12).

Solid-State Characterization

In the present study, the characterization of the supra-
molecular systems has been addressed in great detail.
However, the Raman and FT-IR spectra did not show
significant differences between KN and PM evidencing the
presence of more or less intense solid-state interactions

Fig. 3. a DSC and b TGA curves of ABZI, ABZII, MD, GLU, and binary and multicomponent systems

Fig. 4. Powder X-ray diffraction patterns of ABZI, ABZII, GLU, MD, ABZI:MD, ABZII:MD, ABZI:MD:GLU, and
ABZII:MD:GLU systems
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between the components. Therefore, these techniques pro-
vide insufficient information to detect solid-state interactions
in these systems.

Thus, another alternative methods was used. The results
obtained by thermal analysis, PXRD, and SEM indicated

molecular interactions in these supramolecular systems. The
comparison of the thermal events of the binary and ternary
systems prepared by KN with those obtained by PM revealed
their different behavior, which demonstrates the interaction
between components. Interestingly, the dehydration process
determined in the TGA profiles of KNB-I and PMB-I
revealed a mass loss of 6.3 and 7.2%, respectively, suggesting
that most of the water molecules in MD helix were displaced
by drug molecules in the KN system. Such thermal behavior
showed structural differences between KN and PM, suggest-
ing an interaction between the components of KN, as a likely
inclusion process. Moreover, the mass loss value, associated
with the degradation phenomena, revealed that KNB-I and
KNT-II are the systems with higher thermal stability. Addi-
tionally, the diffractograms of the supramolecular systems
showing broader and more diffused characteristic peaks
revealed a decrease in their degree of crystallinity, in this
way suggesting that ABZ could be included in the helix of
MD. In addition, microscopic aspects and supporting evi-
dence of the interaction between both solid ABZ forms and
the ligands were obtained. The SEM photomicrographs of
KN systems showing alterations in the shape and aspect of
the particles suggested the formation of new solid phases,
while the images of PMs confirmed the presence of crystalline
particles and the absence of interactions.

Dissolution Studies

Poorly water-soluble drugs exhibit characteristics that
are problematic for effective oral delivery such as rate-
limiting dissolution, slow and erratic absorption, and low
and variable bioavailability. In this context, enhancement of
the dissolution rate in biological fluids is the first objective in
the delivery of poorly soluble drugs like ABZ. Therefore, in
our previous report, complexes of β-CD with both ABZ
forms have demonstrated the ability to increase their
dissolution performance (12). It was determined that the β-
CD systems obtained by KN produce the highest dissolved
percentage (65%) for ABZII. Whereas, the dissolution
profiles of these novel systems with MD and GLU revealed
significantly higher increases in the rate and percentage of
dissolution, with a dissolution rate faster than that of the free

Fig. 5. SEM microphotographs of: a ABZI, b ABZII, c GLU, d MD,
e KNB-I, f PMB-I, g KNB-II, h PMB-II, i KNT-I, j PMT-I, k KNT-II,
and l PMT-II

Fig. 6. Dissolution profiles in simulated gastric fluid of ABZI, ABZII, ABZI:MD, ABZII:MD, ABZI:MD:GLU, and
ABZII:MD:GLU systems
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solid forms. The significant dissolution enhancement that
occurred with KNs may be attributed to both an increase of
solubility upon complexation and a decrease of the crystalline
state, as confirmed by PXRD. However, PMT produced the
highest dissolved percentage for both ABZ forms. This effect
can be related with an in situ solubilizing and wettability
process, indicating that the presence of the ligands has
significantly increased the dissolution of ABZ at stomach pH.

In addition, comparison of the dissolution profiles of
supramolecular systems with those of reference (free ABZI
and ABZII, respectively) was realized by applying the
similarity factor (f2). The f2 values calculated were much
lower than 100 (Table II), which indicated that the profiles of
KNs and PMs were not similar to those of the free ABZ
forms. These results demonstrated that the systems resulting
from the interaction with the ligands produce a significant
improvement in the dissolution rate of both ABZ forms.

CONCLUSIONS

The present work was able to demonstrate that novel systems
of ABZ with MD alone or with GLU constitute new solid forms
capable of improving the physicochemical properties of both ABZ
solid forms. Spectroscopic techniques were considered minor and
insufficient for determination of significant differences between
KNs and PMs; therefore, the characterization of ABZI:MD,
ABZII:MD, ABZI:MD:GLU, and ABZII:MD:GLU with ther-
mal, X-ray, and microscopic methods was accomplished. The
capacity of binary and multicomponent systems to improve
solubility was demonstrated. In particular, ABZII:MD and
ABZII:MD:GLU showed the highest solubility in SGF. Further-
more, the increase inABZ solubility favored its dissolution in SGF.
In particular, the multicomponent systems exhibited a significant
increment of dissolution. These novel systems could be used as
alternative matrices in pharmaceutical formulations to improve the
bioavailability of ABZby increasing its solubility and dissolution in
SGF and thus optimizing the therapeutic response of ABZ.
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