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A B S T R A C T 

The aim of this study was to engineer a proper particle size to provide plasma 

dolutegravir concentration maintenance above protein-adjusted 90% inhibitory 

concentration (PA-IC90) and to evaluate the monthly-acting injectable dolutegravir 

feasibility for HIV therapy. Liquid antisolvent precipitation technology was used to 

engineer dolutegravir particles. As a strategy for controlling variations of the habit, 

particle size and polymorphs of dolutegravir, process intensification was performed 

using acetone, methanol and dimethyl sulfoxide as solvents and temperature range 

from 5oC to 30oC. Physical properties of particles were characterized and in vitro 

drug release was measured. Results revealed that crystal morphology and 

polymorphic form were independents of solvent and temperature. Concerning 

solvents, particle sizes were not markedly different. However, results suggested that 

the higher temperature the higher dolutegravir particle size. Particle size, ranging 

from 6.48 µm to 17 µm, showed the maximum drug release of 93% in 12 days 

compared with raw drug that showed a maximum release of only 47.5%. In vivo 

pharmacokinetic analysis, conducted in Wistar male rats, demonstrated that 

dolutegravir particles of approximately 13 µm maintained plasma drug 

concentration above protein-adjusted 90% inhibitory concentration for 26 days. 

 BY 4.0 Open Access 2019 – University of Huddersfield Press 

 

INTRODUCTION 

Dolutegravir free acid chemically known as (4R,12aS) 

-N-(2,4-difluorobenzyl)-7-hydroxy-4-methyl 6,8-

dioxo-3,4,6,8,12,12a-hexahydro-2H-pyrido [1',2':4’,5] 

pyrazino [2,1-b][1,3] oxazine-9 carboxamide, Figure 1, 

is a selective human immunodeficiency virus’ (HIV) 

integrase enzyme inhibitor. Dolutegravir (DTG) 

works by inhibiting activity of the integrase enzyme, 

thereby preventing the viral deoxyribonucleic acid 

(DNA) from being integrated into the host cell’s 

genetic material and blocking this stage of HIV 

replication (Cottrell et al; 2013). 

This second-generation of integrase strand transfer 

inhibitors (INSTIs) combines the advantages of its 

predecessors such as raltegravir and elvitegravir, but 

it is administered once a day without the need for a 

pharmacokinetic booster and may be coformulated 

with other antiretrovirals in a single-tablet regimen 

(Osterholzer and Goldman, 2014). Additionally, DTG 

is rapidly absorbed, achieving maximal blood 

concentration 1.5–2.5 hours after oral ingestion and 

presents a terminal half-life of 12-15 hours (Cottrell et 

al; 2013). Because of its high potency, poor water-

solubility and small oral dose, dolutegravir is a 

potential drug candidate for long-acting antiretroviral 
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therapy (LA-ART). Conceptually, LA-ART strategy 

relies on the idea that a highly potent and insoluble 

drug can be engineering into injectable medicines 

whose dose and volume are sufficient to achieve a 

sustained plasma drug exposure and reduced 

frequency of dosing. It is assumed that due to the very 

low solubility, drug particles as small as 200 nm 

dissolve slowly at the site of injection and allow 

sustained release over an extended period after 

injection (van´t Klooster et al; 2010; Trezza et al;  2015). 

Ultimately, such an approach would increase 

adherence of HIV patients to drug treatment once 

depending on drug properties, monthly or quarterly 

dosage could be achievable. In real, LA-ART has 

shown to be effective since promising clinical 

outcomes have been obtained with long-acting 

injectable formulation of rilpivirine (Baert et al; 2009) 

and cabotegravir (Trezza et al; 2015). Taking 

advantage of potency and water insolubility, 

injectable nanosuspensions based on rilpivirine and 

cabotegravir have progressed to a phase III trial 

named Antiretroviral Therapy as Long-Acting 

Suppression (ATLAS). Positive 48-week 

results  showed that dual long-acting rilpivirine and 

cabotegravir, injected once a month and compared to 

a standard of care, daily, oral three-drug regimen, had 

similar efficacy in maintaining viral suppression in 

adults living with HIV-1 (Swindells et al; 2019). 

 In line with LA-ART approach, dolutegravir long-
acting was simulated through physiologically-based 
pharmacokinetic (PBPK) modeling by Rajoli et al 
(2015). Primarily validated against oral clinical data 
using physicochemical properties, in vitro and 
population pharmacokinetic data, the PBPK model 
predicted a dolutegravir dose of 105 mg as a sufficient 
drug amount for monthly intramuscular 
administration. Naturally, a dolutegravir long acting 
injection would be possible if technological challenges 
to control its pharmacokinetics can be overcome. As a 
practical strategy, Silman et al., (2018) used high 
pressure homogenization to prepare an injectable 
suspension based on DTG particles on order of 368 
nm. Preclinical results provided evidence that such 
formulation maintains drug concentrations above PA-
IC90 for 14 days in treated mice. Once 
pharmacokinetic data were highly considered 
restrictive to dolutegravir long-acting success, Silman 
et al. (2018) modified dolutegravir molecule by 
attaching a myristoyl moiety to the drug structure. On 
this approach, the drug half-life and hydrophobicity 
of myristoyled-dolutegravir increased and 
consequently, nanosuspension based on 234nm-
particles in size was formulated. Remarkably, 

dolutegravir concentration remained over four times 
the protein-adjusted 90% inhibitory concentration 
(PA-IC90) for 28 days. Even though this new chemical 
entity presents a potential for future creation of long-
acting injectable dolutegravir, as a prodrug, it 
presents a time-consuming and a more expensive 
regulatory pathway. Therefore, new approaches for 
long-acting formulation based on non-modified 
dolutegravir are very welcome once it would be an 
alternative approach to chemically-modified 
dolutegravir. Ultimately, the intention is always to 
maintain pharmacokinetic exposure constant and 
plasma concentrations within a targeted therapeutic 
window through a combination of drug potency, 
particles size and drug release rate. While rilpivirine 
(van´t Klooster et al; 2010) and cabotegravir (Trezza et 
al; 2015) long-acting were designed as nanoparticulate 
injectable suspension, apparently DTG cannot easily 
be transformed into long-acting medicines through 
such strategy once nanonization approach potentially 
increased drug release rate (Silman et al; 2018). On the 
other hand, the physical and chemical properties of 
DTG make it a good candidate for long-acting 
injectable (Cottrell et al; 2013). Therefore, such 
approach may be explored in microparticles domain. 
Naturally, the larger particle size may be highly 
restrictive to the requirements of injectable 
suspensions such as suspendability, injectability and 
patient comfort. In an ideal scenario, 
pharmaceutically acceptable suspensions should 
contain particle size less than 5 µm for subcutaneous 
and intramuscular administration (Jones, 2016; Owen 
and Rannard, 2016). However, conventional 
suspension-based injections have typically utilized 
larger particle size. For example, Depo-Medrol® (80 
mg/ml - methylprednisolone acetate), and  Celestone 
Soluspan® (6 mg/ml-betamethasone acetate)  present  
particle size distribution across the 1- to 50 µm range 
with the greater particle percentage up to 20µm 
(Benzon et al; 2007). In this work, liquid antisolvent 
(LAS) precipitation is proposed as a technical 
approach for particle size control of dolutegravir. 
Basically, this technique involves the precipitation of 
a solid solute previously dissolved in an organic 
solvent by adding it into a non-solvent (antisolvent) 
under stirring (Meer et al; 2011). This well-established 
process provides a more convenient procedure at 
room temperatures and atmospheric pressure with no 
requirement of expensive equipment. Additionally, it 
is easily scalable as compared to other bottom-up 
methods. There are many papers available about the 
use of LAS for drug precipitation (Thorat and Dalvi, 
2012). However, to the best of our knowledge, this 
paper is the first to use the LAS to precipitate 
dolutegravir free acid. 
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Fig 1: Dolutegravir free acid structure (DTG) 

MATERIALS AND METHODS 

Materials 

Dolutegravir free acid (DTG), ((4R,12aS)-N-(2,4-

difluorobenzyl)-7-hydroxy-4- methyl-6,8-dioxo-

3,4,6,8,12,12a-hexahydro-2H-pyrido[1',2':4',5] 

pyrazino [2,1-b][1,3] oxazine-9 carboxamide), 

molecular weight 419.39 g/mol, was purchased from 

Laurus Private Limited (Visakhapatnam, India). 

Elvitegravir, ([[6-(3-chloro-2 fluorobenzyl)-1-[(2S)-1-

hydroxy-3-methylbutan-2-yl]-] 7-methoxy-4-oxo-1, 4-

dihydroquinolone-3 carboxylic acid]), molecular 

weight 447.89 g/mol, was purchased from Aurobindo 

Pharma Limited (Hyderabad, India). Poloxamer 338 

(Kolliphor 338) was kindly provided by BASF Co., 

Ltd. (Brazil). Methanol, dimethyl sulfoxide (DMSO) 

and acetone were purchased from Sigma-Aldrich 

(Brazil). All reagents used in this study were reagent 

grade and used as received. 

 

Methods 

Raw DTG solubility in organic solvent 

The solubility of DTG in acetone, methanol and 

DMSO was determined by successive dissolution of 

weighed portions of drug in a fixed volume of solvent 

at 25 °C. Solvent were recovered by filtration and 

evaporated. Solids were dried under vacuum and 

carefully weighted. 

 

DTG particles precipitation by Liquid Antisolvent 

(LAS) 

 

DTG was completely dissolved in 10 mL of solvent to 

reach drug concentration as follows: 10 mg/mL in 

methanol, 15 mg/mL in acetone and 45 mg/mL in 

DMSO. By controlling addition rate in 1 mL/min, 

organic solution containing DTG was added into 100 

mL of aqueous solution containing 1.0 wt% 

poloxamer 338, a hydrophilic surfactant. Magnetic 

stirring was kept in 250 rpm to improve heat and mass 

transfer on mixing. Experiments were performed at 

controlled temperature of 25 oC for methanol and 

DMSO, and from 5 oC to 30 oC in acetone. Acetone was 

selected for temperature evaluation due to its rapid 

evaporation at low temperatures. Solid precipitation 

occurred immediately upon mixing by a rapid 

desolvation of DTG in aqueous antisolvent. 

Suspension was stirred for 60 minutes under 250 rpm 

to stimulate particle growth. The resulting suspension 

was sieved through the 53 µm-stainless steel sieves 

and filtered by 14 µm-paper filter for particle size 

controlling. Filtered solid was dried overnight under 

vacuum at 700 mmHg and 60 oC.   

 

Scanning Electron Microscopy (SEM) 

Size and the morphology of particles were examined 

by Field Emission Scanning Electronic Microscopy 

(Quanta 250 FEG-SEM). Samples were coated with a 

layer of gold and palladium of 5–10 nm by the cathode 

dispersion method. 

 

Laser Diffraction  

The particle size distribution (PSD) was assessed by 

laser diffraction particle size analyzer (LS 

13320, Beckman Coulter). The instrument employs the 

polarization intensity differential of scattered light 

(PIDS) system, which uses polarized beams of 475-, 

613-, and 900-nm wavelength and measures particle 

size over the range of 0.017 to 2000 µm. Samples were 

dispersed in Tween 80-water solution and slowly 

added to a suitable compartment of the equipment, 

containing deionized water (n=1.33 at 20°C), and 

subjected to a 5-min ultrasonication at energy level 3 

to prevent particle agglomeration. Three consecutive 

runs were performed for each sample. The calculation 

was performed according to Fraunhofer diffraction 

model.  

 

Powder X-ray Diffraction (PXRD) 

X-ray diffraction patterns of particle powders were 

studied by using a Phaser X-ray diffractometer 

(Bruker). Radiations generated from CuKα source and 

filtered through Ni filters with a wavelength of 0.154 

nm (1.541 Å) at 10mA and 30 kV were used to study 

the X-ray diffraction patterns. The instrument was 

operated in the continuous mode over the 2θ range of 

2-40◦with a step size of 0.02°. 

 

Differential Scanning Calorimetry (DSC) 

 

DSC analysis was performed using TA Instrument 

(Q2000) operating. Temperature axis and cell constant 
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were calibrated using indium. The samples were 

exposed to 10 °C /min - heating rates over a 

temperature range of 25 - 300 °C under nitrogen 

purging (50 mL/min) in aluminium pans covered by 

pin-holed lid.  

 

In vitro DTG release testing 

Drug release from a modified-release parenteral 

dosage form is a complex phenomenon and currently, 

there are no compendial or regulatory guidances 

because each drug formulation carries its own unique 

obstacles. As a scenario case-by-case, in in vitro 

testing of DTG samples, poloxamer 338 was 

incorporated into the media to prevent DTG particle 

agglomeration and increase particle wettability. Due 

to its surfactant properties, Poloxamer 338 has been 

used in long-acting parenteral formulation 

development (Baert et al; 2009, vant´t Klooster et al; 

2010). 

Procedure: Twenty-five milligrams of DTG particles 

(n = 2) were suspended in 2 mL of 2.5% w/v 

poloxamer-338 aqueous solution and transferred to a 

dialysis bag membrane (Spectrum Labs, MWCO 12-

14kDa). Dialysis bag was suspended in 500 mL 

phosphate buffered saline (PBS, pH 7.4) and 

maintained at 37 ± 0.5 °C. The dispersion was rotated 

at 100 rpm in an orbital shaker. At predetermined time 

intervals (1h, 2h, 4h, 8h, and from 1st to 20th days), 3-

mL aliquots were sampled and DTG concentration 

was quantified using UV-Vis spectroscopy at 258 nm. 

After analysis, aliquots were returned to PBS media.  

The amount of DTG in each sample was calculated 

based on a calibration curve. Experiments were 

conducted in duplicate. 

 

In vivo pharmacokinetic study 

Ethics: animal procedure was approved by the local 

ethics committee on animal experiments (CEUA-

UNICAMP-protocol number 4666-1/2017, 

http://www.ib.unicamp.br/comissoes/ceua_princip

al), complying with Brazil regulation for animal 

experiments (brazilian federal law number 11794, 

2008; CXLV (196): 1-2]) and Guideline for care and use 

of animals in teaching and in scientific research – 

(decree number 6899, 2009). Procedure: in 

pharmacokinetic study, male Wistar rats weighting 

250-270g (n = 6), with 3 animals for each group, 

received 5 mg/kg subcutaneous (SC) dose at thoracic 

region. For injections, DTG was prepared to a 2 

mg/mL-DTG particles dispersed in a low viscous 

aqueous vehicle (0.9% w/v NaCl + 2% w/v 

Poloxamer 338). Drug concentration was based on 

toxicokinetics studies of dolutegravir free-base. This 

study characterized the toxicokinetics of dolutegravir 

microsuspensions (34-72 µm, D50) following a single 

subcutaneous (SC) or intramuscular (IM) injection (2.5 

mg/kg and 5.0 mg/kg) in male Sprague Dawley rats, 

(GlaxoSmithKline, 2014). Additionally, in in vivo test, 

Poloxamer-338 concentration was adjusted to 2.5 % 

w/v, according to 0.5% w/v of surfactant residue on 

surface of DTG crystal after LAS process (HPLC data 

not shown). Blood sampling: at predetermined 

interval, blood samples (0.25 mL) were withdrawn via 

puncture from the lateral tail vein. The sampling time 

point for first group (n=3 rats) was 0, 2h, 4h, 8h, 48h, 

96h, 7d, 14d, 21d, 28d, 35d, 42d; whereas for second 

group (n=3 rats), sampling time was 0, 6h, 12h, 24h, 

72h, 7d, 14d, 21d, 28d, 35d, 42d. Blood samples were 

harvested into heparinized tubes, immediately 

centrifuged (2000g x 10 minutes) and stored at −70 °C 

until assay. Sample preparation: plasma samples were 

processed by following the procedure where 0.25 mL 

of plasma sample was mixed with Elvitegravir 

(internal standard) and vortexed for 5 seconds. The 

mixture was extracted with proper solvent for 5 

seconds. After centrifugation for 10 min, organic layer 

was taken and dried under nitrogen stream at 45 °C. 

Sample analysis: the dried residue samples were 

reconstituted using the mobile phase as reconstitution 

solution. Chromatographic separation was performed 

on xBridge column (C18 - 5 um)  with a isocratic 

mobile phase composed of acetonitrile and water in 

the ratio of 80: 20 (v/v) + 0.1% formic acid, at flow-

rate of 0.4 mL/min. Dolutegravir and elvitegravir 

were detected with proton adducts 

at m/z420.20→277.20 and 448.40→344.20 in multiple 

reaction monitoring (MRM) positive mode 

respectively. The method was validated over a linear 

concentration range of 30–10000 ng/mL for 

dolutegravir. The lower limit of quantification was 

10ng/mL.  Analytes were found to be stable 

throughout freeze-thaw cycles, bench top and 

postoperative stability studies. This method was 

successfully applied for the pharmacokinetic analysis 

of rat plasma samples following subcutaneous 

administration. Calculation of PK parameters: the 

mean plasma concentration-time profile was analyzed 

by non-compartmental analysis (NCA) using Phoenix 

WinNonlin® v. 7.0 for the pharmacokinetics 

parameters determination. 
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RESULTS AND DISCUSSION 

The aim of this study was to evaluate the feasibility of 

a monthly long acting injectable suspension based on 

DTG. The success of long acting release depends on 

drug characteristics, such as solid state properties and 

particle size. Thus, especial emphasis was placed on 

these properties. 

 

DTG Solubility 

Raw DTG solubility was experimentally obtained in 

methanol, acetone and DMSO and solubility order 

was found to vary as DMSO > acetone > methanol, 

Table 1. 

 
Table 1. Raw DTG solubility in methanol, acetone and DMSO  

Solvent Dolutegravir solubility (mg/mL) 

Methanol < 10 

Acetone  < 15 

DMSO  > 45 

 

According to Table 1, DTG solubility is much higher 

in DMSO than acetone and methanol. It is accepted 

that drug solubility depends on its structure and 

additionally, it can largely be a function of the solvent 

properties. DTG structure contains two H-donors 

groups and several H-acceptor groups, (Figure 1), and 

further, it is a moderately polar compound (Duwal et 

al; 2018). Relying on the solvent polarity index, 

polarity can be placed as follows:  DMSO (7.2) > 

acetone (5.1) = methanol (5.1), (Reichardt, 2003). 

DMSO presents a highly polar domain characterized 

by a hydrophilic sulfoxide group and two 

hydrophobic methyl groups  (Gurtovenko and 

Anwar, 2007). Such characteristics provide 

amphipathic properties to the molecule, making it a 

good solvent for poorly water soluble DTG.  

 

Anti-solvent crystallization 

 Anti-solvent crystallization technique produces 

crystals from solutions and controls the crystalline 

properties such as particle size and their morphology 

(Kurup and Arun, 2016). In crystallization process, the 

antisolvent reduces the solubility of solute in the 

solution and induces crystallization. Crystallization 

process is considered a complex kinetic phenomenon 

that depends on a number of parameters, such as 

solvent properties and temperature. Further, 

nucleation and crystal growth are the main events and 

govern the final polymorph formation (Datta and 

Grant, 2005). In this work, DTG precipitation was 

reached by solution supersaturation when water was 

added as an antisolvent into organic DTG solution. 

X-Ray Diffraction 

 

Temperature and solvent effect on DTG polymorph 

X-ray diffraction analyses were performed for DTG 

particles obtained from DMSO (DTG-DMSO), acetone 

(DTG-ACE) and methanol (DTG-MeOH), Figure 2. 

For comparison, raw DTG was also evaluated.  

 

 
Fig. 2. Powder X-ray diffraction patterns of crystalline DTG. (a) 

Raw DTG free acid, (b) DTG-DMSO, (c) DTG-ACE and, (d) 

DTG-MeOH. 

 

Polymorph I of raw DTG free acid is a crystalline 

structure described by diffraction peaks in 10.753°, 

12.324°, 13.437°, 14.251°, 15.234°, 16.352°, 21.697°, 

23.996°, 24.867°, 25.341°, 26.373° and, 27.829° at 2Ɵ  

positions, Figure 2a. To the best of our knowledge, 

only the polymorphic form I of DTG free acid is 

known (Yoshida et al; 2014). Therefore, in this work, 

peaks positions in PXRD patterns were attributed 

accordingly. 

 By comparing PXRD for particles obtained from 

DMSO, acetone, methanol and raw DTG, it is a 

straightforward observation that polymorph I was 

particularly maintained after precipitation, although 

the diffraction peaks are less intense, Figures 2b-2d. 

The reduction in the peak intensity is due to the 

decrease in the crystallinity after precipitation 

(Kayrak et al; 2003). Taking into account that solvents 

acts by selective adsorption to specific crystal faces, 

either inhibiting or retarding crystal faces growth 

(Berkovitch-Yellin et al; 1985), we suggest that solvent 

polarities differences are not enough to specific 

adsorption. 

Particles obtained from acetone (DTG-ACE) under 

different temperatures were also studied by X-ray 

diffraction, Figure 3. Similar to particles precipitated 

https://doi.org/10.5920/bjpharm.568
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from different solvents, crystallization of DTG in 

acetone at temperatures of 5°C (DTG-ACE-5°C), 20°C 

(DTG-ACE-20°C), and 30°C (DTG-ACE-30°C) 

maintained the polymorphic structure. X-ray 

diffraction results revealed that, within the 

experimental conditions, the growth rate of 

polymorph I of DTG free acid was higher if compared 

to growth rate of any novel polymorph.  

 

 

 

 
Fig. 3. Powder X-ray diffraction patterns of crystalline 

dolutegravir precipitated from acetone at different temperatures: 

(a) raw DTG, (b) DTG-ACE-5°C, (c) DTG-ACE-20°C, (d) DTG-

ACE- 25°C and (e) DTG-ACE-30°C. 

 

Differential Scanning Calorimetry 

 

Further, DSC confirmed the identity of polymorphic 

form I and Figure 4 shows the thermal profiles of raw 

and crystallized DTG. Both samples showed only an 

endothermic transition at 191°C due to the melting of 

polymorph I which occurred with a variation of 

enthalpy around 80.1 J/g (Yoshida et al; 2014). 

Therefore, as previously asserted by PXRD, DSC data 

showed that organic solvent, from which the drug 

particles crystallized, did not affect the crystal internal 

structure and polymorphic form was maintained.  

 
Fig. 4. DSC thermograms displaying the melting temperature 

and enthalpy of DTG particles: (a) raw DTG, (b) DTG-DMSO, 

(c) DTG-ACE and (d) DTG-MeOH. 

 

 

The effect of temperature on the crystallization of 

DTG from acetone solution was also studied by 

DSC. It was found that melting peak temperatures 

and heat of fusion for raw DTG and acetone-

precipitated particles are quite similar, Table 2. 

Thus, as previously observed for solvent, the 

temperature effect also failed to cause any 

polymorphic change of DTG. 

 
Table 2. Thermal values for raw DTG and DTG-acetone particles 

obtained at different temperatures. 

Sample Tmp (°C) ΔH (J/g) 

Raw DTG 191.33 ± 0.01 78.27 ± 1.6 

DTG-ACE- 5°C 191.03 ± 0.02 79.08 ±1.1 

DTG-ACE-20°C 190.66 ± 0.02 79.5 ± 1.3 

DTG-ACE-25°C 191.08 ± 0.01 79.5 ±1.2 

DTG-ACE-30°C 191.27 ± 0.01 83.8 ± 1.4 

Tmp: Melting peak temperature, ΔH: Heat of fusion (enthalpy). 

 

Scanning Electron Microscopy 

 

Temperature and solvent effect on DTG crystal 

morphology 

 

Scanning electron microscopy shows the morphology 

for raw DTG and particles obtained from DMSO at 25 

°C and acetone at 5 °C and 25°C, Figure 5. SEM images 

showed that raw DTG is composed by micron sized 

large and compacted agglomerates. Moreover, these 

structures are assembled by a large number of 

individual micrometric particles, which exhibit two 

groups of particle shape, Figure 5a. One group is 

composed by thick and columnar particles-

agglomerates and other one, by quasi-round particles 

shape. By comparing raw DTG particles (Figure 5a), 

with DTG-DMSO (Figure 5b) and DTG-ACE-25°C 

(Figure 5c), solvent effect on particle morphology is 

undeniable and both precipitated solids exhibited 

large agglomerates composed of plate-shaped and 

quasi-hexagonal particles. Clearly there was no 

difference in particle morphology between DTG-

ACE-25°C and DTG-DMSO. Regarding size, DTG-

ACE showed agglomerates exceeding 20µm in 

diameter while DTG-DMSO showed agglomerates 

not larger than approximately 14µm. Concerning 

https://doi.org/10.5920/bjpharm.568
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temperature effect on morphology, it may be noted 

that as temperature was lowered from 25°C (Figure 

5c) to 5°C (Figure 5d), the plate- and quasi-hexagonal 

shaped micrometric particles organized in large 

agglomerates of 20µm in diameter. These 

agglomerates are an assembly of primary particles 

stick together by adhesion, weak physical interactions 

(Balakrishnan et al; 2010). In consequence, these larger 

agglomerates may break down into smaller 

agglomerates and/or primary particles. In an image-

based technique such SEM, a high particle counting is 

critical to acquiring meaningful information about 

particle size. Therefore an adequate number of images 

have to be processed by using appropriate software 

(Hegela et al; 2014). Although the original 

morphology of our particles is visible in the 

agglomerates, they are geometrically assembled in 

such way that particle size measurement is extremely 

imprecise, at least in an appreciable number of 

entities. However, images inspection suggested that 

DTG-ACE agglomerates are composed of particles 

around 10µm in size, whereas DMSO-agglomerates 

are composed of particles less than approximately 2-

5µm. In spite of this important difference in particle 

size, suitable characterization of DTG particle is better 

given by a particle size distribution once this property 

impacts directly on drug performance. In this sense, 

this work explored SEM as a tool for morphology 

evaluation only. Therefore, as a complementary 

technique to SEM, laser diffraction was used to 

measure particle size distribution and polydispersity 

of DTG particles. 

 

  

  
Fig. 5. SEM images of DTG particles: (a) Raw DTG, (b) DTG 

particles obtained from DMSO at 25 °C (DTG-DMSO), (c) 

DTG particles obtained from acetone at 25 °C (DTG-ACE-

25°C) and (d) DTG particles obtained from acetone at 5 °C 

(DTG-ACE-5°C). Note different scales. 

  

Laser Diffraction 

Solvent effect on DTG particle size 

Particle sizes distribution of precipitated and raw 

DTG was obtained from laser diffraction, Figure 6. 

DTG-MeOH (Figure 6a) and DTG-ACE (Figure 6b) 

presented bell-shaped and monomodal curves that 

describe broad particle size distribution up to 40 µm. 

Raw DTG showed a bimodal particle size distribution 

composed of a wide range of particles from very fine 

to very coarse, Figure 6c. Previously, SEM images also 

showed that this wide distribution was caused by 

mixing of multiple particle size and agglomerates, 

Figure 5a. Particles obtained from DMSO were highly 

soluble in laser diffraction measurement conditions. 

We suggested that DTG-DMSO-particles, previously 

showed in Figure 5b, were loosely agglomerated and 

they readly disintegrate and dispersed under the 

measurement conditions (surfactant and ultrasound 

effects). Therefore, primary small particles caused a 

positive impact on drug release behavior and 

anticipated drug solubilization. 

  

 
Fig. 6. Particle size distribution (PSD) volume- weighted for 

DTG particles obtained from different solvents at room 

temperature (a) DTG-MeOH, (b) DTG-ACE and (c) raw DTG 

Statistical analysis was performed on particle size 

distribution curves and the table 3 compares the mean 

volume-weighted diameter D10, D50, D90. 

Additionally, the span values which are the 

measurement of the width of the distribution are 

provided.  

Before processing, raw DTG sample presented large 

particles in a wide size distribution, as evidenced by 

span value, Table 3. Clearly the particle size of the 

precipitated DTG is significantly smaller and more 

uniform than that of the raw drug. However, as far as 

solvent is concerned, methanol led to small particle 

size. Acetone, in its turn, led to narrower particle size 

distribution, as suggested by span values, Table 3. 

Naturally, a narrow particle size distribution is 

preferred as particle size may have a significant 
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impact on drug release behavior, mainly for 

compounds that show the drug release rate 

dependent in vivo exposure as the hydrophobic 

dolutegravir. 

 

Temperature effect on particle size precipitated 

from acetone 

Figure 7 shows particle size distributions for DTG-

ACE at different temperatures. As temperature 

increased from 5 °C (Figure 7a) to 30 °C (Figure 7d), 

wider particle size distribution was obtained and size 

distribution curve assumed a multimodal profile. 

Statistical analysis results are presented in Table 4. 

 

 
Fig. 7. Particle size distributions (PSD) volume-weighted for 

DTG particles obtained from acetone at different temperatures: (a) 

DTG-ACE-5°C, (b) DTG-ACE-20°C, (c) DTG-ACE-25°C and 

(d) DTG-ACE-30°C 

 

Table 3. Particle size and standard deviation (SD) for DTG particles precipitated from acetone and methanol at 25°C. 

Sample D10 ± SD (µm) D50 ± SD (µm) D90 ± SD (µm) Spana 

Raw DTG              36.9  3 240  3 327  4 1.21 

DTG-ACE 3.15  0.08  13.4  0.09 19.1  0.49 1.19 

DTG-MeOH 2.89  0.16 10.6  0.40  18.0  0.55  1.42 
a The span is the measurement of the width of the particle size distribution defined as (D90 – D10)/D50. 

 

Table 4. Particle size and standard deviation (SD) for DTG particles precipitated from acetone at different temperatures. 

Sample D10 ± SD (µm) D50 ± SD (µm) D90 ± SD (µm) Spana 

DTG-ACE-5 °C 2.60  0.65  9.27  0.75  13.7  1.13 1.19 

DTG-ACE-20 °C 1.76  0.26 6.48  0.41  12.5  1.65  1.65 

DTG-ACE-25 °C 3.15 0.08  13.4  0.09 19.1  0.49 1.18 

DTG-ACE-30 °C 4.16  0.94 17.2  0.69 20.7  1.07 0.95 
a The span is the measurement of the width of the particle size distribution defined as (D90 – D10)/D50 

 

The temperature is considered as an important 

governing factor which can control the final particle 

size and its distribution. Table 4 shows that when 

crystallization occurred at 5 °C or 20 °C, smaller 

particles were produced for DTG. Although 

temperature had no greater effect on particle size in 

this temperature range, the smallest particle size 

occurred at 20 °C. Remarkably, as the temperature 

increased from 20 °C to 25 °C, particle size increased 

twofold. Further, particle size increased 23 % when 

the temperature increased to 30 °C.  Span values 

indicated the particle size distribution width is quite 

close among samples, but the wider particle size 

distribution occurred when DTG precipitated at 

20oC. It is important to keep in mind that the theory 

of crystallization suggests that the rate of nucleation 

is inversely proportional to temperature (Fujiwara et 

al; 2005). At low temperature, the solubility of the 

drug in the solvent-antisolvent mixture decreases, 

which results in the higher supersaturation condition 

(Kurup and Arun; 2016, Judge et al; 1999). In a cascade 

effect, supersaturation drives a competition between 

nucleation and crystal growth rates (Liang and Zang, 

2017). Accordingly, as low temperature decreases the 

diffusion and growth kinetics at the crystal boundary 

layer interface, nucleation rate can increase and lead 

to a large number of nuclei and this stage accelerate 

precipitation event. As a result, smaller drug particles 

are obtained at low temperature. 

In vitro drug release profiles 

Figure 8 shows in vitro drug release profiles for raw 

DTG and DTG precipitated from acetone. As shown 

in Figure 8, in comparison with raw DTG, clearly 

the particle size of DTG-ACE samples affected in 

vitro DTG release profile. In fact, at the 12th day of 

testing time, samples DTG-ACE-5°C and DTG-

ACE-20°C, containing small-sized particles, Table 4, 

showed a maximum drug release of 92%. Whereas 

samples DTG-ACE-25°C and DTG-ACE-30°C 

showed a maximum drug release of 88%. Because of 

https://doi.org/10.5920/bjpharm.568
http://www.bjpharm.hud.ac.uk/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3500035/figure/f9-ijn-7-5733/


 
 doi: https://doi.org/10.5920/bjpharm.568  

Alves et al (2019) BJPharm 4(2) Article 659, 1-12  9 

the larger particle size, raw drug showed a 

maximum release of only 47.5% in the same period. 

 

 

Fig. 8. In vitro release profile of DTG particles: raw 

DTG (240 µm), DTG-ACE-5°C (9.27 µm), DTG-

ACE-20°C (6.48 µm), DTG-ACE-25°C (13.4 µm) and

DTG-ACE-30°C (17.2 µm). Note particle size value 
(D50) after sample code.  

On the other hand, by comparing these samples 

amongst themselves, they presented similar in vitro 

release behaviors once particles size is quite close. 

According to Noyes-Whitney equation (Noyes and 

Whitney, 1985), one should assume proportionality 

between the rate of drug release and particle surface 

area. Therefore, decreasing particle size (i.e 

increasing the surface area) should increase the 

contact between particle surfaces and medium. 

Consequently, drug release rates are lower with 

larger particles. This statement suggests that particle 

size reduction and particle size distribution affected 

the drug release rate of DTG. Additionally, DTG-

ACE samples showed higher drug release rates 

because these particles have lower crystallinity and 

more uniform morphology than raw DTG, as 

previously indicated by XRD and SEM, respectively. 

Crystal defects and imperfections influence the 

crystal lattice energy. These defects, including 

dislocations, give rise to increased surface energy and 

may be an important factor in improving drug release 

performance of DTG-ACE particles. Moreover, 

particle morphology dictates the drug release rate 

along the different crystallographic axes (Bukover et 

al; 2015). So altering shape of DTG particles from 

round (raw DTG) to plate-like shape (DG-ACE) may 

lead to higher drug release rate. The enhanced drug 

release rate of DTG-ACE particles is due to the 

reduction of the particle size, change in crystaline 

habit, and reduction in crystallinity of DTG during 

precipitation, formation of hydrophilic surface and 

the increased wettability caused by adsorption of 

poloxamer-338. The results of in vitro drug release 

testing indicated that DTG-ACE particle properties 

allow DTG release sustaining for 12 days. Naturally, 

DTG-ACE particles are intended to modified-release 

dosage form whose drug release rate is the 

performance-limiting step. Besides, as a direct 

implication on a future DTG-long acting injectable 

formulation, it may be previewed that higher the 

drug release rate together with the resulting higher 

concentration gradient could further increase drug 

bioavailability. On the other hand, in early stage, in 

vitro and in vivo correlation may not be possible due 

to the complexity of the release mechanism, and the 

lack of knowledge about in vivo release conditions. 

Therefore, in vitro drug release testing worked as a 

promising tool for effective DTG microparticles 

characterization only. 

Pharmacokinetic profiles for DTG particles 

To gain further insight on effect of particle size 

reduction on DTG pharmacokinetics, an exploratory 

study evaluated the in vivo behavior of DTG-ACE-

25°C sample, Table 4. Figure 9a shows the mean 

plasma concentration-time profile of DTG obtained 

after subcutaneous administration of 5 mg/kg in 

male rats during 42 days. Figure b displays the mean 

plasma concentration-time profile of DTG for first 90 

hours. Additionally, Figures 9a and 9b show a line to 

indicate PA-IC90 (64ng/mL). Table 5 displays the 

Mean pharmacokinetic parameters, for DTG, 

obtained by non-compartmental analysis. 

 

Exploring the concentration time profile, Figure 9a, it 

can be found that plasma DTG concentrations 

increased rapidly, resulting in a double-peak that 

was followed by a slow decline of drug 

concentrations. DTG was detected in plasma from the 

first blood sampling time (2h) and Cmax value of 645 

ng/mL at the time point of 12h (tmax) were 

measured, (Figure 9a and Table 5). Although plasma 

concentrations have gradually declined, they were 

maintained above PA-IC90 (64 ng/mL) for 26 days 

after administration. DTG plasma concentrations 

were measurable until 35 days and, in the last 
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sampling time, (42 days), it was below the lower limit 

of quantification, (10 ng/mL). 

Making an assumption that only drug release rate 

limits DTG plasma concentrations, the results are a 

straight reflection from different fine particle 

fractions provided by liquid antisolvent 

precipitation. Our hypothesis is that the smallest 

particle size, with their large surface area, readily 

resulted in burst release and in an expressive drug 

concentration 10-fold higher than PA-IC90 in the first 

90 hours. Larger particle size, in turn, should be 

responsible for second and more prolonged 

pharmacokinetic exposure. Based on current 

findings, it is possible to deduce that a more rigorous 

and narrower particle size distribution is mandatory.  

 

 

 

 
Fig. 9. Mean plasma concentration-time profiles of DTG after 

subcutaneous administration of DTG 5 mg/kg (dispersed in 2% 

poloxamer 338 + 0.9% NaCl) in rats (n = 6): a) 35 days-profile 

and b) First four days profile. Vertical bars represent standard 

deviation.  Particle size description: D10 = 3.15 µm, D50 = 13.4 

µm and D90 = 19.1 µm. 

In fact, Silman et al, (2018), showed that 368nm-DTG 

particles maintained plasma drug concentrations 

above the PA-IC90 for 14 days in mice treated with a 

dose of 45 mg/kg. Further, our current result showed 

that particle size larger than 13µm sustains in vivo 

DTG concentration above PA-IC90 for 26 days. 

However, microparticles-based injectable 

suspensions are extremely challenging because they 

are systems prone to physical instability such as 

caking, sedimentation and particle growth. 

Ultimately, larger particles increase the viscosity of 

suspensions, hindering syringeability as well as 

injectability and further promote syringe clogging. 

Table 5. Mean pharmacokinetic parameters determined by non-
compartmental analysis following 5 mg/kg SC dosing in Wistar 
rats. 

Pharmacokinetic 
parameters Mean (DTG-ACE-25 oC) 

tmax (h) 12.0 

Cmax (ng/mL) 645.0 

t1/2 (h) 141.7 

AUC 0-t (h*ng/mL) 169,823.2 

AUC 0-inf (h*ng/mL) 174,611.3 

tc > PA-IC90 (day) 26.0 

tmax: time to reach maximum (peak) plasma concentration 
following drug administration; Cmax:  maximum (peak) plasma 
drug concentration, t1/2: half-life time, AUC 0-t : area under the 
plasma drug concentration-time curve from time zero to the last 
quantifiable time  (35 days), AUC- 0-inf : Area under the plasma 
concentration-time curve from time zero to infinity. tc : time 
interval during which plasma drug concentrations are above PA-
IC90. 

 

CONCLUSIONS 

The aim of this study was to engineer a proper 

particle size to provide plasma dolutegravir 

concentration maintenance above protein-adjusted 

90% inhibitory concentration (PA-IC90) and to 

evaluate the monthly-acting injectable dolutegravir 

feasibility. Concerning drug exposure, our sample 

DTG-ACE-25°C showed satisfactory results and 

plasma drug concentration was above PA-IC90 for 26 

days. However, microparticle-based injectables pose 

hard-manageable issues such as worsen 

syringeability, suspension stability and larger 

injection volumes as well. Although all potential of 

DTG microparticle-based suspensions as a future 

perspective for DTG long-acting has not been 

thoroughly investigated, the obtained results 

suggested that different approaches to adequately 

address the challenges in development of such 

product are strongly recommended. 
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