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Background: Norquetiapine (N-desalkyl quetiapine, NQ) is an active metabolite of quetiapine 

with stable pharmacokinetic and pharmacological properties. However, its short half-life is a 

drawback for clinical applications, and long-acting formulations are required. 

Purpose: The objectives of this study were to prepare improved entrapment efficiency NQ freebase 

microspheres by the solvent evaporation method with poly(d,l-lactic-co-glycolic acid) (PLGA) as a 

release modulator and to evaluate their physicochemical and in vitro/in vivo release properties.

Methods: NQ freebase PLGA (1:5 w/w) formulations were prepared by the oil-in-water 

(o/w) emulsion–solvent evaporation method. A solution of the drug and PLGA in 9:1 v/v 

dichloromethane:ethanol was mixed with 0.2% polyvinyl alcohol and homogenized at 2,800 rpm. 

The emulsion was stirred for 3 h to dilute and evaporate the solvent. After that, the resulting 

product was freeze-dried. Drug-loading capacity was measured by the validated RP-HPLC 

method. The surface morphology of the microspheres was observed by scanning electron 

microscopy (SEM), and the physicochemical properties were evaluated by differential scanning 

calorimetry, powder X-ray diffraction, and Fourier-transform infrared spectroscopy particle size 

distribution. The in vitro dissolution test was performed using a rotary shaking bath at 37°C, 

with constant shaking at 50 rpm in sink condition. 

Results: The NQ freebase microspheres prepared by o/w emulsion-solvent evaporation showed 

over 30% efficiency. NQ was confirmed to be amorphous in the microspheres by powder 

X-ray diffraction and differential scanning calorimetry. Special chemical interaction in the 

microspheres was not observed by FT-IR. The in vitro dissolution test demonstrated that the 

prepared microspheres’ release properties were maintained for more than 20 days. The in vivo 

test also confirmed that the particles’ long acting properties were maintained. Therefore, good 

in vitro–in vivo correlation was established.

Conclusion: In this study, NQ freebase-PLGA microspheres showed potential for the treatment 

of schizophrenia for long-periods.

Keywords: schizophrenia, freebase, o/w emulsion-solvent evaporation, freeze dry, active 

metabolite, IVIVC

Introduction
Schizophrenia is defined by the National Institutes of Health (NIH) as a chronic and 

severe mental disorder that affects how a person thinks, feels, and behaves. Treatment 

is long term and often subjected to inconsistent dosing regimens, which increases the 

risk of relapse. High doses and fluctuating drug plasma concentrations associated with 

ordinary daily treatment may also cause tardive dyskinesia.1 Schizophrenia is commonly 

treated with oral antipsychotics, due to ease of administration and noninvasiveness of 
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therapy; however, the frequency of medication results in low 

patient compliance, which limits the scope of schizophrenia 

treatment.2 A long-acting formulation that maintains consistent 

drug concentration in plasma and that delivers the lowest effec-

tive dose could both prevent the recurrences of psychosis and 

lower the risk of side effects such as tardive dyskinesia.3

N-desalkyl quetiapine (or norquetiapine, NQ) is a major 

active metabolite of quetiapine in humans, produced by the 

isoenzyme CYP3A4 in cytochrome P450.20 Quetiapine was 

originally developed as a second-generation antipsychotic 

agent for the treatment of schizophrenia.4 The body recognizes 

quetiapine as a xenobiotic or a foreign agent and metabolizes 

it into several compounds, including active metabolite. An 

active metabolite is a substance that has therapeutic activity.5 

Quetiapine has been reported to have pharmacokinetic vari-

ability among older adults and in patients using concomitant 

medications.6 Inductors such as carbamazepine and phenytoin 

enhance the activity of quetiapine, leading to the formation of 

NQ, whereas inhibitors such as ketoconazole, itraconazole, 

erythromycin, and fluvoxamine suppress the activity of que-

tiapine.7 Norquetiapine, an active metabolite of quetiapine, 

is less affected by differences in the degree of metabolism 

among individuals, such as age, and by other drugs, and it 

has therapeutic effect. Norquetiapine inhibits the noradrena-

line transporter and has partial agonistic activity at 5-HT
1A

 

receptors.8 Activity at both these targets is hypothesized 

to contribute to antidepressant activity. Norquetiapine has 

a 9–12 h half-life in humans.9 For maintaining constant 

blood concentration for better schizophrenia treatment, a 

long-acting formulation of norquetiapine is required. Many 

antipsychotics have been studied as injectable long-acting 

formulations. The first injectable long-acting antipsychotic 

formulation was developed in the 1960s. Currently, some 

antipsychotic drugs are being developed in a similar man-

ner, such as Abilify Maintena (aripiprazole monohydrate), 

Zyprexa Relprevv (olanzapine pamoate), and Invega Trinza 

(paliperidone palmitate), which are available in the US and in 

the UK.10 Long-acting antipsychotic formulations can avoid 

the first-pass metabolism and there is certainty of delivery 

of the therapeutic agents. Further, the long-acting effect is 

expected to mitigate non-adherence and reduce the risk of 

relapse in comparison to the oral administration that has low 

patient compliance.11 The number of days of hospitalization 

for patients can be reduced. Poly(d,l-lactic-co-glycolic acid) 

(PLGA) polymers are widely used for controlled delivery of 

drugs via parenteral route. They have been approved as safe 

for the human body by the US Food and Drug Administration 

(FDA) with good biodegradability and biocompatibility.12 

Many studies on the PLGA formulation have been conducted, 

ensuring sustained release of therapeutic agents, ranging from 

a few weeks to several months. PLGA microspheres with 

atypical antipsychotics reduced the dosing frequency, leading 

to measurable increase in adherence to treatment regimens in 

a schizophrenic patient population.13 The NQ freebase PLGA 

502H formulation was chosen to investigate the physiochemi-

cal characteristics, in vitro dissolution, in vivo release, and 

in vitro–in vivo correlation (IVIVC). The aims of this study 

were to develop long-acting microspheres using PLGA with 

the advantages of norquetiapine as an active metabolite and to 

evaluate their long-term release properties for better treatment, 

continuous management of disease, and patient compliance.

Materials and methods
Materials
Norquetiapine dihydrochloride (NQ⋅2HCl) was purchased 

from Toronto Research Chemicals, Ltd. (Toronto, Canada) 

and used for the synthesis of norquetiapine freebase (NQ 

freebase). Poly(d,l-lactic-co-glycolic acid) and PLGA 502, 

502H, 503, and 503H were supplied by Evonik, Ltd. (Essen, 

Germany). Polyvinyl alcohol 500 (PVA 500) was obtained 

from OCI Company, Ltd. (Seoul, Republic of Korea). 

Methanol, dichloromethane, and acetonitrile were of high-

performance liquid chromatography (HPLC) grade and 

were purchased from Honeywell Burdick & Jackson Ltd. 

(Muskegon, MI, USA). Anhydrous dibasic sodium phos-

phate was purchased from Georgiachem (Suwanee, GA, 

USA). Potassium phosphate monobasic was purchased from 

Daejung Ltd. (Siheung, Republic of Korea). All experiments 

were carried out using Milli-Q® distilled water.

Preparation of NQ freebase
One gram of NQ⋅2HCl was dissolved completely in 5 mL of 

1 N sodium carbonate solution and stirred at 24°C–27°C for 

30 min. The synthetic product obtained was extracted using 

methylene chloride. Then, the product was filtered and dried. 

A total of 0.89 g of NQ freebase was obtained.

Preparation of PLGA microspheres with 
NQ freebase
NQ PLGA microspheres were prepared by oil-in-water (o/w) 

emulsion–solvent evaporation.14 For each PLGA formulation 

(PLGA 502, PLGA 502H, PLGA 503, and PLGA 503H), 

300 mg was dissolved along with 60 mg NQ freebase in 15 mL 

dichloromethane:methanol solution (9:1 v/v) and injected 

into 300 mL 0.2% polyvinyl alcohol at 1 mL/s with a high-

speed dispersion homogenizer (S18N-19G; IKA, Staufen, 

Germany) at 2,800 rpm for 1 min to form an o/w emulsion.15 

The emulsion was stirred for 3 h at 24°C–27°C for dilution and 
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evaporation of the solvent. The microspheres were centrifuged 

at 1,500 rpm for 3 min and washed three times with distilled 

water before being collected using a 0.45 μm filter and dis-

tributed with 5 mL distilled water. Finally, the microspheres 

were pretreated and lyophilized for two days at −75°C.

Morphology and particle size
The scanning electron microscopic (SEM) images of NQ 

freebase PLGA 502H microspheres were obtained using 

GEMINI LEO 1530® (Zeiss Ltd., Jena, Germany), as the 

dissolution patterns were appropriate for the desired long-

lasting effect. Samples were mounted on an aluminum plate 

using a carbon tape, then placed inside a Hummer VI sput-

tering device (Minneapolis, MN, USA), and coated with 

platinum to discharge the particles. The particle size of the 

NQ freebase PLGA 502H microspheres was measured with 

image analysis software (NIH, ImageJ).

Determination of drug-loading efficiency 
and encapsulation efficiency
The entrapped amount of drug in the NQ freebase PLGA 

502H microspheres was measured by HPLC. Five milligram 

of NQ freebase PLGA 502H microspheres was dissolved in 

50 mL of 60% acetonitrile solution using Branson Model 

8510® Ultrasonic Cleaner (BRANSON Ltd., St Louis, MO, 

USA) for 30 min. Analysis was performed using Ultimate 

3000® HPLC system (Thermo Fisher Scientific, Waltham, 

MA, USA) and 5 μm C8 column (100A 250×4.6 mm) 

from Phenomenex Ltd. (Torrance, CA, USA). The mobile 

phase was delivered at a flow rate of 1.5 mL/min, the detec-

tion wavelength was set at 225 nm, and the injection volume 

was 20 μL. The drug-loading efficiency (%) and entrapment 

efficiency (%) were calculated using the following equations 

(Equations 1 and 2), respectively. All measurements were 

conducted in triplicate.

	

Drug loading 

Amount of drug in microspheres

Volume of m

(%) =

iicrospheres
×100

�

(1)

	

Entrapment efficiency 

Amount of drug in microspheres

Th

(%) =

eeoretical amount of drug
×100

�

(2)

Differential scanning calorimetry (DSC)
DSC was performed using Q2000® (TA Instruments Ltd., 

New Castle, DE, USA). One milligram of the prepared 

microspheres was placed on aluminum pan and hermetically 

sealed. The samples were heated from 0°C to 300°C at a rate 

of 20°C/min under a nitrogen flow of 50 mL/min.

Powder X-ray diffraction (PXRD)
PXRD patterns were obtained using X’Pert PRO MRD® 

(PANalytical Ltd., Almelo, the Netherlands) with Cu Kα 

radiation generated at 200 mA and 45 kV. The samples were 

placed on a silicon plate at room temperature and 2θ scans 

were collected from 5° to 60°.

Fourier-transform infrared spectroscopy 
(FT-IR)
Infrared spectroscopy was performed on the prepared micro-

spheres in the range of 600 to 4,000 cm-1, using FT/IR-4100 

type A (Jasco Corporation, Tokyo, Japan).

In vitro release study
A total of 10 mg of NQ freebase PLGA microspheres was 

suspended in 10 mL of phosphate-buffered saline (PBS, 

pH =7.4) and incubated at 37°C±0.5°C in a rotary shaking 

incubator (C-SKI-2; Chang-Sing Science, Seoul, Republic 

of Korea) at 50 rpm for 20 days. At each predetermined 

sampling point, the supernatant was separated for a validated 

RP-HPLC assay, and fresh medium of equal volume was 

added. All assays were performed in triplicate.16

In vivo pharmacokinetic study
Animals were treated and maintained in accordance with 

the principles of laboratory animal care and approved by the 

Committee for Animal Experiments of Chungbuk National 

University (Cheongju, Republic of Korea). Sprague Dawley 

rats (male, 400–460 g) were purchased from Daehan Biolink 

Co. (Eumseong, Republic of Korea) and fed ad libitum. The 

rats were randomly divided into two groups. One group (n=6) 

received intramuscular (IM) injections of NQ freebase 30% 

ethanol solution (5.4 µg/0.2 mL), chosen due to the poor solu-

bility of the NQ freebase in water. The other group (n=6) was 

administered NQ freebase PLGA 502H microspheres (cor-

responding to 162 µg NQ/0.2 mL) intramuscularly. At each 

predetermined sampling point, blood samples were collected 

for liquid chromatography–mass spectrometry assay.

IVIVC
IVIVC is a predictive model that is used to describe the 

relationship between the in vitro behavior of formulation 

and relevant in vivo profiles.17 Level A correlation which 

is the most informative and recommended by the FDA is 

a point-to-point relationship in vitro and in vivo. That is a 

point-to-point relationship in vitro and in vivo. For applying 
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level A correlation, same time points were chosen. Frac-

tion of absorption was obtained by deconvolution using the 

Wagner–Nelson method.18

Results and discussion
Preparation of NQ freebase PLGA 502H 
microspheres
NQ freebase was synthesized from NQ⋅2HCl. The NQ 

freebase PLGA microspheres were prepared by o/w emul-

sion, which results in high yield and uniform particles.19 

In preliminary experiments, PLGA 503 microspheres con-

taining NQ⋅2HCl were prepared using o/w emulsion solvent 

evaporation (data not shown). The entrapment efficiency 

was observed to be less than 0.1% in the prepared particles, 

meaning that when the oil phase was mixed with the water 

phase, the salt form of NQ was almost completely dissolved 

in the water phase. NQ freebase was synthesized to increase 

the entrapment efficiency of the drug in the microspheres.20 

Table 1 shows the pKa, molecular weight, and solubility 

values of NQ⋅2HCl and NQ freebase as analyzed by using 

the T3 equipment (Lakewood, NJ, USA). According to the 

solubility values obtained, NQ⋅2HCl had a solubility of 

325.78 μg/mL and NQ freebase 6.82 μg/mL. The salt form 

showed about 50 times higher solubility than the drug free-

base. NQ freebase microspheres prepared by o/w emulsion 

solvent evaporation were confirmed to have much higher 

entrapment efficiency than that of NQ⋅2HCl in PLGA 503. 

NQ freebase PLGA microspheres using different PLGA 

weights (PLGA 502, PLGA 502H, PLGA 503, PLGA 503H) 

were prepared to identify the correlation between entrapment 

efficiency and both molecular weight and the presence of acid 

terminals. The entrapment efficiency and amount of drug 

loaded in the prepared microspheres are shown in Table 2. 

The larger molecular weight showed an increase of about 

2%. Acid-terminated non-end-capped PLGA (PLGA 502H 

and 503H) showed about 10% higher drug efficiency than 

the same molecular weight PLGA without the acid terminus. 

This suggests that the acid-terminated part of the polymer 

interacts with the amine group of the NQ.16

Physiochemical characteristics of PLGA 
502H microspheres
SEM and particle size distribution
The SEM images of NQ⋅2HCl, NQ freebase, PLGA 502, 

PLGA 502H, and NQ freebase PLGA 502H microspheres are 

shown in Figure 1. NQ⋅2HCl was shown to have an angular, 

crystalline form (Figure 1A). NQ freebase microspheres 

(Figure 1B) grew larger and developed a round shape during 

synthesis. PLGA 502 and PLGA 502H (Figure 1C and D, 

respectively) both showed a fibrous morphology and no differ-

ence in the SEM images. The prepared microspheres did not 

have the original shape of the drug, and the fibrous nature of 

the surface polymer was lost. Figure 1E and F shows that the 

microspheres have a non-porous structure, round shape, and 

a smooth surface with no drug crystals. Large microspheres 

can cause severe pain when administered intramuscularly. The 

prepared PLGA 502H microspheres were measured using an 

image analysis program (NIH, imageJ); they had a diameter of 

8.86±3.11 μm that is acceptable for IM injection system.21

DSC
The DSC thermograms of NQ⋅2HCl, NQ freebase, PLGA 

502H, and NQ freebase PLGA 502H microspheres, as well 

as a physical mixture of the microspheres, were obtained 

and the results are shown in Figure 2. The DSC result was 

obtained by raising the temperature to 20°C/min. The T
m
 of 

NQ⋅2HCl was found to be around 180°C–210°C, whereas the 

NQ freebase was found to have a T
g
 between 50°C and 65°C. 

The T
m
 of the NQ freebase was not observed. It is likely that 

the temperature difference was caused by the crystal form 

changing into the amorphous form upon the removal of the 

base from NQ⋅2HCl. A clear T
m
 peak in the NQ freebase 

was not observed. In the case of PLGA 502H, the T
m
 peak 

Table 1 Solubility of norquetiapine dihydrochloride and norquet
iapine freebase

Property NQ⋅2HCl NQ freebase

pKa 3.93, 8.49 3.90, 8.55
MW (g/mol) 368.32 295.40
Solubility (µg/mL) 325.78 6.82
Log P 3.12 3.18

Abbreviations: MW, molecular weight; NQ, N-desalkyl quetiapine.

Table 2 Drug efficiency and drug-loading capacity of NQ freebase PLGA 502, PLGA 502H, PLGA 503, and PLGA 503H microspheres

Property NQ freebase
PLGA 502 MSs

NQ freebase  
PLGA 502H MSs

NQ freebase  
PLGA 503 MSs

NQ freebase 
PLGA 503H 
MSs

Efficiency (%) 30.33±0.51 46.19±0.33 32.69±1.28 48.30±3.04
Drug-loading capacity (%) 5.0±0.08 7.4±0.06 5.48±0.19 8.21±0.52

Abbreviations: NQ, N-desalkyl quetiapine; MSs, microspheres; PLGA, poly(d,l-lactic-co-glycolic acid).
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was not observed and the T
g
 was observed at about 50°C. 

The physical mixture of PLGA 502H and NQ freebase PLGA 

502H microspheres showed similar results. When the PLGA 

and the NQ freebase were present together, the T
g
 regions 

were similar, and the difference in the PLGA peaks appeared 

to be due to the difference in the peak size and ratio.

PXRD
The PXRD results are shown in Figure 3. A sharp peak was 

observed at around 10°, 15°, 20°, and 25° for NQ⋅2HCl, 

which means that it has the crystallinity of NQ⋅2HCl. These 

crystal peaks were not observed for NQ freebase, meaning 

that the NQ freebase has assumed an amorphous state due to 

the removal of the base. This implies that the hydrochloride 

is involved in the crystal structure.22 The PLGA 502H, the 

physical mixture, and the prepared NQ freebase PLGA 502H 

microspheres were found to be amorphous, which appeared to 

follow the peak of PLGA 502H. Although the drug is present 

in the particles and mixture, the peak intensity of the drug is 

not seen and appears that PLGA 502H peak is dominated.

Figure 1 SEM micrographs of NQ freebase PLGA 502H MSs: (A) NQ⋅2HCl (5,000×), (B) NQ freebase (100×), (C) PLGA 502 (5,000×), (D) PLGA 502H (5,000×), and 
(E and F) NQ freebase PLGA 502H MSs (2,500× and 10,000× respectively).
Abbreviations: SEM, scanning electron microscopy; NQ, N-desalkyl quetiapine; MS, microsphere; PLGA, poly(d,l-lactic-co-glycolic acid).
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FT-IR
The FT-IR spectra of NQ⋅2HCl, NQ freebase, PLGA 502H, 

NQ freebase PLGA 502H microspheres, and their physical 

mixture, were obtained and the results are shown in Figure 4. 

NQ⋅2HCl and NQ freebase showed similar intensity patterns. 

They had peaks at 1,608 cm−1 (N-H bond), 928 cm−1 (C-H 

bond), and 765 cm−1 (C-H bond). The peak around 920 cm−1 

was only observed for NQ⋅2HCl. This disappeared for NQ 

freebase due to the disappearance of the hydrochloride salt as 

it turned into freebase. The peak of 1,530–1,630 cm−1 for NQ 

freebase was observed at the peak of the physical mixture, 

NQ freebase PLGA 502H microspheres. But, they seemed to 

follow the PLGA 502H peak as a whole. The peak tendency 

for the NQ freebase PLGA 502H microspheres was similar to 

that of the physical mixture, indicating a tendency dependent 

upon the ratio between the drug and the polymer. There was 

no newly formed functional group in the NQ freebase PLGA 

502H microspheres.

In vitro release study
The dissolution profiles of NQ freebase PLGA 502 micro-

spheres, NQ freebase PLGA 502H microspheres, NQ freebase 

PLGA 503 microspheres, and NQ freebase PLGA 503H 

microspheres were obtained, and the results are shown in 

Figure 5. A typical biphasic release pattern was observed for all 

formulations, with an initial burst release followed by a more 

controlled secondary phase.23 The rapid release could represent 

°
Figure 2 DSC thermograms of NQ freebase PLGA 502H MSs.
Abbreviations: DSC, differential scanning calorimetry; MS, microsphere; NQ, 
N-desalkyl quetiapine; PLGA, poly(d,l-lactic-co-glycolic acid).

θ

Figure 3 PXRD patterns of NQ freebase PLGA 502H MSs.
Abbreviations: PXRD, powder X-ray diffraction; MS, microsphere; NQ, N-desalkyl 
quetiapine; PLGA, poly(d,l-lactic-co-glycolic acid).

Figure 4 FT-IR spectra of NQ freebase PLGA 502H MSs.
Abbreviations: FT-IR, Fourier-transform infrared spectroscopy; MS, microsphere; 
NQ, N-desalkyl quetiapine; PLGA, poly(d,l-lactic-co-glycolic acid).

Figure 5 The dissolution patterns of NQ freebase PLGA 502 MSs, NQ freebase 
PLGA 502H MSs, NQ freebase PLGA 503 MSs, and NQ freebase PLGA 503H MSs 
(mean ± SD, n=3).
Abbreviations: MS, microsphere; NQ, N-desalkyl quetiapine; PLGA, poly(d,l-
lactic-co-glycolic acid); SD, standard deviation.
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the release of poorly entrapped and surface-associated NQ 

freebase. The drug release during the slower release phase may 

result from polymer degradation, from drug diffusion through 

the polymer matrix, or from both. NQ freebase PLGA 502H 

microspheres released about 20% of the NQ freebase during 

the burst-release phase. PLGA 502, PLGA 503, and PLGA 

503H released about 12%, 27%, and 29%, respectively, of 

NQ freebase during the burst release. For 5 days after burst 

release, 60%–70% of the drug was released. After 5 days, 

slower dissolution patterns in all formulations were observed. 

After 20 days, NQ freebase PLGA 502H formulation showed 

82.1% release and other formulations released about 70% of 

the drug. The dissolution pattern and entrapment efficiency 

of the PLGA 502H formulation were suited for the desired 

20-day long-lasting formulation. The difference in dissolution 

patterns would be due to the molecular weight and different 

terminal group of PLGA, as an increase in molecular weight 

decreases the dissolution rate and the carboxylic acid terminal 

catalyzes the hydrolysis of PLGA. Therefore, PLGA 502H 

microspheres, which have low molecular weight and possess 

a carboxylic acid terminal group, are shown to have the fastest 

dissolution pattern.24 The release profiles were fitted to various 

mathematical models to analyze the mechanism of the drug 

release. The highest correlation coefficient was estimated 

using the Higuchi matrix kinetics, as shown in Table 3. When 

plotted in accordance with the Korsmeyer–Peppas method, the 

n-value was 0.5n1.0, suggesting non-Fickian transport. 

Drug diffusion was assumed to be via the dominant mechanism 

throughout the release period.25

In vivo pharmacokinetic study
Pharmacokinetic profile of NQ freebase solution and 
NQ freebase PLGA 502H microspheres following IM 
administration
During the in vivo test, both groups administered with NQ 

solution and prepared formulation did not exhibit observ-

able side effects such as rashes, irritation, and abnormal 

behaviors.

The mean plasma concentration–time profiles of NQ after 

IM administration are shown in Figure 6. The calculated 

pharmacokinetic parameters are shown in Table 4. After 

administration of the NQ solution, C
max

 was observed to be 

25.08±10.41 ng/mL at time point 0.25 h (0.01 day). T
max

 was 

observed within 0.25 h after IM injection. It is presumed 

that the drug is easily transferred to plasma from muscles. 

The area under the curve (AUC) was 33.17±9.33 ng⋅h/mL 

and t
1/2

 was 5.02±1.28 h. NQ was not observed in plasma 

after 12 h of administration. On the other hand, the C
max

 of 

the prepared formulation was observed to be 22.48±4.46 

ng/mL, lower than that of the NQ freebase even though 

30 times the amount of drug was administered. t
1/2

 was 

172.79±23.79 h, which is longer than the half-life of the NQ 

freebase (5.05±1.28 h). The AUC was 916.46±186.57 ng⋅h/

mL. The prepared formulation showed ,12 days of drug 

release in vivo compared to over 20 days of drug release in 

Table 3 Release kinetic profiles of NQ freebase PLGA 502H 
microspheres

Model Release  
constant (k)

Correlation  
coefficient (R2)

Zero order 0.7525 0.7525
First order 0.8874 0.8874
Higuchi 4.0433 0.9404
Korsmeyer–Peppas 4.6014

(n-value =0.6083)
0.9681

Abbreviations: NQ, N-desalkyl quetiapine; PLGA, poly(d,l-lactic-co-glycolic acid).

Table 4 Pharmacokinetic parameters of norquetiapine in rat 
(n=6) administered with NQ freebase solution and NQ freebase 
PLGA 502H microspheres

Parameter NQ freebase 
solution

NQ freebase PLGA 
502H microspheres

Cmax (ng/mL) 25.08±11.41 22.48±4.46
Tmax (h) 0.29±0.10 1.50±0.45
t1/2 (h) 5.05±1.40 172.79±23.79

AUC (ng⋅h/mL) 33.17±9.33 916.46±186.57
AUMC (ng⋅h2/mL) 43.40±9.80 45,421.86±14,766.68

Note: Data presented as mean ± SD.
Abbreviations: AUC, area under the curve; AUMC, area under the moment curve; 
NQ, N-desalkyl quetiapine; PLGA, poly(d,l-lactic-co-glycolic acid).

Figure 6 Plasma concentration profile of NQ after intramuscular injection of NQ 
freebase solution and NQ freebase PLGA 502H MSs (mean ± SD, n=6).
Abbreviations: conc, concentration; MS, microsphere; NQ, N-desalkyl quetiapine; 
PLGA, poly(d,l-lactic-co-glycolic acid); SD, standard deviation.
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vitro. The faster release kinetics in vivo was suggested to be 

a result of enhanced PLGA degradation, due to the presence 

of enzymes, limited muscle mass,26 and other in vivo factors. 

Similar increased enzymatic polymer degradation in vivo has 

been reported by other researchers.27,28

Correlation of in vitro release and in vivo 
performance
The IVIVC allows in vitro study to be used as a surrogate 

for in vivo study from conventional or long-acting dosage 

forms.29 Level A correlation is the highest level of IVIVC. 

That represents a point-to-point relationship between in vitro 

dissolution and in vivo input rate. The same time points (1, 

6, 12, 24, 72, 120, 216 h) were chosen, and the fraction of 

dissolution and fraction of absorption calculated by Wagner–

Nelson method at that point were plotted (Figure 7). The 

correlation coefficient (r2) was 0.9893, indicating a good 

IVIVC correlation. Although in vivo pharmacokinetic pro-

file was obtained faster than in vitro dissolution profile, it 

could gain successful correlation in IVIVC. This shows that 

in vitro drug release test results can be used to predict in vivo 

performance on mouse models.

Conclusion
In this study, a sustained release of NQ freebase PLGA 

microspheres was successfully prepared by o/w emulsion–

solvent evaporation method. The physiochemical properties 

of the synthesized NQ freebase play an important role in 

the amount of drug loaded in the microspheres. The drug 

was released from microspheres in PBS medium, follow-

ing biphasic kinetics. The main mechanism of release was 

confirmed by the mathematical model to be diffusion and it 

lasted over 20 days in vitro. The release of the NQ profile 

of the formulation in vivo was observed to be faster than 

dissolution, due to various in vivo factors. The long-acting 

release of the prepared NQ freebase PLGA 502H micro-

spheres compared to that of the NQ freebase solution was 

shown. These results suggest the potential use of NQ freebase 

PLGA microspheres for the treatment of schizophrenia over 

long periods.
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