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Background: Intranasal administration is among the most effective alternatives to deliver drugs directly 

to the brain and prevent first-pass metabolism. Venlafaxine-loaded liposomes are biocompatible carriers 

that enhance transport qualities over the nasal mucosa. 

Objective: This research aimed to develop, formulate, characterize, and observe the prepared formulation. 

Methods: The formulation was developed using the thin-film hydration technique. The response surface 

plot interrelationship between three independent variables are lipid, cholesterol and polymer and four 

dependent variables such as particle size, percentage entrapment efficiency, and percentage drug release 

were ascertained using the Box-Behnken design. 

Results: The drug-release chitosan-coated liposomes were reported to have a particle size distribution, 

entanglement efficiency, and 84%, respectively, of 191 ± 34.71 nm, 94 ± 2.71% and 94 ± 2.71%. According 

to in vitro investigations, liposomes as a delivery system for the nasal route provided a more sustained 

drug release than the oral dosing form. 

Conclusions: The intranasal administration of venlafaxine liposomal vesicles effectively enhanced the ab- 

solute bioavailability, retention time, and brain delivery of venlafaxine. 

© 2023 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

I

t

o

e

A

i

c

c

a

t

w

t

p

n

s

t

t

I

v

t

t

m

l

b

i

s

c

l

a

f

p

r

f

i

d

h

0

(

ntroduction 

Depression is a common and debilitating illness. Globally, it is 

he leading cause of disability, with significant negative influence 

n quality of life, mortality, morbidity, cognitive function, and gen- 

ral occurrence due to serotonin and norepinephrine deficiency. 1 

ccording to the World Health Organization, depression will, dur- 

ng the next few years, overtake diabetes as the second-leading 

ause of the global health burden. Depression usually treated with 

lasses of medications, particularly the tricyclic antidepressants 

nd selective serotonin reuptake inhibitors. Depression is a devas- 

ating neurological disorder that affects millions of people world- 

ide. 1 , 2 Depression symptoms are frequently seen in people be- 

ween the ages of 15 and 44 years, in both sexes. 3 Although de- 

ression is not a life-threatening condition, in the worst-case sce- 

ario, suicides have been reported. 4 The blood-brain barrier is a 

electively semipermeable barrier between blood vessels and nerve 

issue that maintains tissue function, regulates transport, and pro- 
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ides protection. It prevents bloodborne infections, leukocytes, and 

oxins from entering the brain while allowing selective passive 

ransport of molecules like glucose, amino acids, and water to 

aintain brain homeostasis. 5 Venlafaxine (VLF) is a phenylethy- 

amine derivative structurally related to the biogenic amines by 

locking norepinephrine and dopamine in the brain cells for treat- 

ng depression and anxiety disorders. 6 It is a white, crystalline 

ubstance that possesses venlafaxine water solubility qualities. Be- 

ause of its limited bioavailability, it does not penetrate the bio- 

ogical membrane when taken orally and does not thereby allevi- 

te depression. An oral dose of VLF can be given at doses ranging 

rom 75 to 450 mg/d. It has demonstrated efficacy as a neuropathic 

ain reliever and has been shown to lessen premenstrual dyspho- 

ic disorder. It has provided a dual-action, more-effective treatment 

or resistant depression. VLF is effective in resistant depression and 

s better than selective serotonin reuptake inhibitors in preventing 

epression relapse. 7 

The nasal route is a quick and painless way to deliver medi- 

ation to the brain through the nasal mucosa, aimed at treating 

entral nervous system (CNS) disorders with minimal exposure to 

ystemic blood flow. 8 The nasal system also includes blood ves- 

els, cerebrospinal fluid, and lymphatic systems, which play an im- 

ortant role in a molecule’s mobility from the nasal cavity and 
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Figure 1. Intranasal drug delivery through the olfactory pathway to the central nervous system. 
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epresent a potential delivery route to the brain. 9 These are the 

ost significant alternative routes for delivering therapeutics to 

he brain due to numerous advantages such as rapid, targeted drug 

elivery and rapid onset of action in the CNS through the trigem- 

nal and olfactory epithelium nerve pathways to reduce systemic 

ide effects. 10 The olfactory receptor neurons contain cilia and are 

apidly transported through the olfactory mucosa to the CNS via 

ranscellular or paracellular pathways extending downward from 

he olfactory epithelium and transfer to the olfactory bulb. The 

ucus layer thickens during colds, decreasing olfactory sensibil- 

ty. 11 

The olfactory glands produce lipids through mucous secretions 

o lubricate the olfactory epithelium and break down odorant- 

ontaining gases. The epithelium of this area consists of 3 dis- 

inct layers, including epithelial (supporting) cells, basal cells, and 

ensory neurons. This is the most popular and significant route 

f medication transport to the brain. Due to the specific fraction 

ose delivered to the CNS, most drugs are lost through enzymatic 

egradation or mucociliary clearance. The drugs encapsulated in 

iposomes (LPs) can easily enter the systemic circulation before 

xcretion is distributed to nontarget tissues. 12 The nasal cavity is 

ome to nasal tubercles, which are projections from the sidewalls 

f the nasal cavity that create turbinates. The nasal cavity con- 

ists of 4 different types of cells: basal cells, nonfibrous colum- 

ar cells, and fibrous columnar cells. Drug molecules reach the 

ystemic circulation via the trigeminal canal of the nasal passage. 

his trigeminal nerve is most important for transmitting sensory 

nformation. Nasal administration provides rapid symptom relief 

elated to CNS disorders with a more favorable side effect profile 

han oral, parenteral, or transdermal administration. A nasal drug 

elivery system is more effective when administered at relatively 

ower doses than locally, thereby reducing potential toxicity. 13 , 14 

ntranasal drug delivery through the olfactory pathway to the CNS 

s illustrated in Figure 1 . 

LP drug delivery systems have attracted more attention ow- 

ng to their numerous edges, like the encapsulation efficiency of 

ipophilic and hydrophilic molecules with a wide range of hy- 
2 
rophobicity levels. The pKa values target therapeutic agent re- 

ease by modifying the liposomal surface, extending the therapeu- 

ic agent release, lowering clinical medication doses, and reduc- 

ng adverse consequences. 15 LPs can be created in various shapes 

nd layers (single, bilayer, or multiple layers), depending on the 

reparation techniques selected. Multilamellar vesicle formations 

merge naturally when lipids are mixed with an aqueous solu- 

ion. Sonication is typically used (using a probe-type or bath-type 

evice) for unilamellar vesicles to reduce the size of Multilamel- 

ar vesicles and prepare tiny unilamellar vesicles. The intranasal 

ethod is among the most appealing ways to get medicines into 

our systemic circulation. 16 LPs are used as biocompatible carriers 

o enhance transport capabilities over the nasal mucosa. Stability 

s among the major issues that physically and chemically limit the 

idespread use of LPs. Depending on the composition, the final 

Ps formulation may be chemically and physically unstable, result- 

ng in a short shelf life. Lyophilization, which involves lyophilizing 

he final LPs product with a cryoprotectant (often a sugar-like tre- 

alose) and then reconstituting it with the vehicle immediately be- 

ore administration, can solve these issues. The nasal cavity is lined 

ith a layer of mucus and hair and is involved in the entrapment 

f inhaled formulations. 17 

There are different types of LPs, including conventional LPs, nio- 

omes, ethosomes, and transfersomes in drug delivery. 18–21 Dose 

umping, which raises the risk of toxicity, is the main disadvan- 

age of sustained-release formulations. 22 Nasal drug delivery sys- 

ems based on liposomal formulations have demonstrated unique 

ualities that enable them to overcome biological barriers and lead 

o enhanced pharmacodynamics. The obvious advantages of LPs in- 

lude drug-loading a variety of molecules, reducing systemic and 

ff-target toxicity, increasing the residence time of the drug in the 

loodstream, dispersing the drug across the blood-brain barrier, 

nd aiding in drug entry into the brain to achieve a desired out- 

ome. 23–25 An important goal of LPs formulations is to alter the 

istribution and reduce the toxicity of drugs, allowing higher doses 

o be administered. In such cases, the development of bioanalyti- 

al methods to measure drug encapsulation and release is a con- 
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Figure 2. Preparation procedure for liposomes. 
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Table 1 

Prepared formulations of liposomes were taken, providing a quantityof drug lipid 

concentration. 

Serial No. Excipient Total amount (mg) 

1 Drug concentration 30 

2 Lipid concentration 60 

3 Polymer concentration 1% 

Table 2 

The degree of independent and dependent factors that were chosen for Box- 

Behnken design to prepare venlafaxine hydrochloride-loaded liposomes. 

A definitive coding value is used 

Factor Low (–1) Medium (0) High ( + 1) 

Independent 

X 1 6 12 18 

X 2 0.5 2 3 

X 3 0.5 1 2 

Dependent 

Y 1 191 197 315 

Y 2 64 90 94 

Y 3 42 80 84 

X 1 = Total lipid concentration; X 2 = cholesterol; X 3 = polymer; Y 1 = size (in nanome- 

ters); Y 2 = % entrapment efficiency; Y 3 = % drug release. 

r

t

t

c
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l
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ern because of the potential for dose dumping, in the initial stage 

f the drug development may not be warranted. 26 , 27 VLF extended 

elease is a first-line treatment for depression in older people due 

o fewer side effects, a lower potential for drug interactions, and 

etter tolerability than other antidepressant classes. 28 The primary 

ocus of this research was to prepare LPs of VLF hydrochloride by 

he thin film hydration (TFH) method and evaluate the effects of 

ifferent excipients and the phosphatidylcholine to surfactant ra- 

io on vesicle morphology, entrapment efficiency (EE), and in vitro 

rug release. 

aterials and Methods 

VLF hydrochloride was a gift sample from Zydus Cadila (Ah- 

adabad, India). Phosphatidylcholine, chitosan, and 1 kDa molec- 

lar weight cutoff dialysis membranes (Spectra, Por7) were pur- 

hased from HiMedia Laboratories, Mumbai, Maharashtra, India. 

holesterol was purchased from Loba Chemie Pvt Ltd, Mumbai, In- 

ia. All other commercially available chemicals were of analytical 

rade. 

nstrumentation 

Zeta potential Zetasizer Nano ZS (Malvern Instruments, Worces- 

ershire, United Kingdom) and UV-visible spectrophotometer (Shi- 

adzu UV-1800, Kyoto, Japan). The Fourier-transform infrared (FT- 

R) spectroscopy investigation was conducted using a spectrum an- 

lyzer from the National Centre for Natural Resources, Pt Ravis- 

ankar Shukla University. Differential scanning calorimeter (DSC) 

DSC2500, PerkinElmer Instruments, USA), Scanning electron mi- 

roscopy (FEI Quanta 200 ESEM FEG, Hillsboro, Oregon, USA), and 

ransmission electron microscopy (STEM; JEOL Ltd., Tokyo, Japan). 

ormulation of LPs 

The thin film technique was used to prepare VLF-loaded LPs. 

riefly, the hydrophobic excipients, such as soy lecithin (60 mg) 

nd cholesterol (2 mg), were dissolved in 5 mL chloroform. Then, 

he VLF (30 mg) and 10 mL of 1% chitosan solution were mixed in 

he above mixture solution and transferred into a suitable round- 
ottom flask as shown in Table 1 . The flask was then attached to V

3 
otary evaporator (IKA RV 10, Werke, Staufen, Germany) and and a 

emperature of 37 to 41 °C was maintained. A vacuum was applied 

o the rotating flask at about 160 rpm at 30 °C to evaporate the 

hloroform, forming a uniform lipid film. The dried lipid film was 

ept under a vacuum overnight to remove excess chloroform. The 

ipid film was hydrated with 10 mL phosphate-buffered saline (pH 

.4) containing VLF until the lipid film was formed. The preparation 

rocedure for the VLF-loaded LPs is illustrated in Figure 2 . 18 , 19 

ptimization of LPs by Box-Behnken design 

The required characteristics of the nano lipid carrier system for 

asal distribution may be directly influenced by the total concen- 

ration of lipids, cholesterol, and polymers. All factors influencing 

ormulation properties are included based on the results. 20 Three 

actors and a 3 2 Box-Behnken design (BBD) were used to optimize 

LF. The observed responses for the BBD for optimizing VLF-loaded 
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Table 3 

Box-Behnken design design for venlafaxine-loaded liposome formulation optimization based on observed responses. 

Std Run Independent variables Dependent variables 

X 1 X 2 X 3 Y 1 Y 2 Y 3 

13 1 0 0 0 260 83 66 

14 2 0 0 0 191 89 70 

10 3 0 + 1 –1 315 64 81 

15 4 0 0 0 195 92 75 

1 5 –1 –1 0 200 69 42 

6 6 + 1 0 –1 193 93 83 

5 7 –1 0 –1 210 70 69 

16 8 0 0 0 196 90 72 

12 9 0 + 1 + 1 292 75 83 

17 10 0 0 0 197 91 74 

11 11 0 –1 + 1 201 64 80 

7 12 –1 0 + 1 192 93 72 

2 13 + 1 –1 0 212 79 82 

3 14 –1 + 1 0 315 69 79 

8 15 + 1 0 + 1 191 94 84 

4 16 + 1 + 1 0 288 64 43 

9 17 0 –1 –1 192 78 63 

Std = Standard; X 1 = total lipid concentration; X 2 = cholesterol; X 3 = polymer concentration; Y 1 = particle size (in nanometers); Y 2 = % entrapment efficiency; Y3 = % drug 

release). 

Figure 3. Standard calibration curve of venlafaxine. 
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Ps formulation factors that are independent and dependent vari- 

bles are shown in Table 2 . The design was deliberate, consisting 

f 17 investigational runs (as shown in Table 3 ). 

The quadratic equation is as follows: 

 = b 0 + b 1 X 1 + b 2 X 2 + b 3 X 3 + b 12 X 1 X 2 + b 13 X 1 X 3 

+ b 23 X 2 X 3 + b 11 X 

2 
1 + b 22 X 

2 
2 + b 33 X 

2 
3 

here Y is the observed dependent value for every factor level; b 0 
s constant; b 1 , b 2 , and b 3 are linear coefficients, whereas b 12 , b 13 ,

nd b 23 are the interaction coefficients between the three factors. 

hus, b 11 , b 22 , and b 33 are the quadratic coefficients of the pre- 

icted values, and X 1 , X 2 , and X 3 are valued for the independent 

ariables. 21 

haracterization of the prepared formulation 

tandard calibration curve 

The absorbance of the prepared sample was determined at 224 

m for the estimation of VLF. A volume of 100 μg/mL VLF ab- 

orbance was noted at 224 nm. The concentrations of the drugs 

ere calculated by the equation of the standard curve method 

nd double-point standardization. The following equation as; Y = 

x + C in which y is absorbance, m is slope, x is concentration, 

nd c is the constant. 

T-IR 

The compatibility formulated of VLF hydrochloride with phos- 

hatidylcholine and cholesterol was determined using FT-IR. 28 

article size and the surface charge of particles 

The mean particle size (PS) and zeta potential at 25 °C were de- 

ermined by dynamic light scattering with the Zetasizer Nano ZS. 
4 
he formulations were adequately diluted with distilled water to 

roduce an appropriate scattering intensity before the analysis. 29 

EE 

The VLF-loaded sample was taken at about 2 mL, then cen- 

rifuged at 15,0 0 0 rpm at 4 °C for 1 hour. The supernatant was 

ollected and diluted up to 10 mL. The diluted supernatant was 

xamined using the UV technique. The %EE was calculated using 

he following formula. 30 

E % = 

(
Wi − Ws 

)
/ 
(
Wi 

)
× 100 

here Wi refers to the weight of initial drug and Ws = weight of 

he supernatant. 

orphology study 

EM 

SEM was implemented to analyze the morphology of the VLF- 

oaded LPs. 30 A drop of the LPs solution was applied to the gold- 

oated metal stubs under vacuum pressure and subjected to SEM 

nalysis. 

EM 

TEM was used to determine the morphology of the chosen VLF- 

oaded LPs. 31 A small amount of LPs was applied to the carbon- 

oated paraffin sheet and allowed to sit for 1 minute after being 

iluted in an appropriate solvent. The grid was prepared and dried 

t 37 °C and set with a drop of (0.2 % w/v) phosphotungstate for 

0 seconds after TEM analyzed the sample. 

ifferential scanning calorimetry 

A valuable quantity of dehydrated VLF samples was loaded and 

ealed into a differential scanning calorimetry pan. The sample was 

canned between 40 and 400 °C at a heating rate of 5 °C/min 

nder an inert nitrogen environment using differential scanning 

alorimetry. 32 

n vitro release studies 

In vitro , drug release studies were performed using a dialysis 

embrane. A definite volume of the prepared LPs dispersion was 

lled into a dialysis bag up to 250 mL dissolution medium contain- 

ng phosphate-buffered saline (pH 6.5) (molecular weight of dial- 

sis bag cutoff: 12,0 0 0–14,0 0 0 DA), stirred with a magnetic stirrer 
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Figure 4. FT-IR spectra: Pure drug of venlaxafine (a), chitosan (b), and physical mixtures containing active pharmaceutical ingredients and excipients (c). 

5 
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Figure 5. Particle size distribution graph (a) and zeta potential distribution graph (b). 
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t 100 rpm and maintained a temperature at 37 ° C. Aliquots of 

 mL were taken from phosphate-buffered saline at 30 minutes, 

, 2, 4, 6, 8, 10, 12, and 24 hours, and replaced with fresh 2 mL

issolution medium. Then the sample was analyzed spectrophoto- 

etrically at 224 nm ( λmax for VLF). All samples were analyzed in 

riplicate, and the results were expressed as mean (SD). 33 

esults and Discussion 

tandard calibration curve 

VLF in phosphate buffered saline at pH 6.5 was measured ab- 

orbance range of 200 to 400 nm. Pure venlafaxine concentration 
6 
as determined initially and further, all the excipients (chitosan, 

Ps, phosphatidylcholine, cholesterol, chitosan, and chloroform) 

ere mixed with the VLF solution was determined using UV 

pectroscopy. The standard calibration curve of VLF was shown in 

igure 3 . There is no interaction between the excipients and pure 

LF. 

T-IR spectroscopy 

An FT-IR investigation was used to better understand the drugs 

nd their excipient interactions. The FTIR spectra of VLF hydrochlo- 

ide and a mixture of the drug with the final formulation showed 

 characteristic stretching band of N-H at 3349 cm 

–1 , aliphatic C-H 
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Figure 6. Response surface plots of particle size (a), entrapment efficiency (b), and effect of independent variables on percentage drug release of venlafaxine liposomes (c). 
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tretching at 2934 cm 

–1 , carbonyl group C = O stretching at 1613.36 

m 

–1 , skeletal vibrations of the aromatic ring at 1511.91 cm 

–1 , 

ethylene groups at 1469.56 cm 

–1 , and C–O and C–N stretching 

t 1244.27 cm 

–1 , 1178.09 cm 

–1 , and 1034.80 cm 

–1 . These character- 

stics of stretching bands were retained in the FT-IR spectra of the 
7 
rug, chitosan, and the physical mixture. The final physical mixture 

ormulation revealed no significant chemical drug–recipient inter- 

ctions. The FT-IR spectra of pure VLF, chitosan, and physical mix- 

ures containing active pharmaceutical ingredients and excipients 

re depicted in Figure 4 . 
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Figure 7. Optimized venlafaxine liposome images of scanning electron microscopy (SEM) (a) and transmission electron microscopy (TEM) (b). 

Table 4 

Summary result of regression analysis for variables like Df (degrees of freedom), SS (Sum of squares), Ms (Mean of squares), F , P value , R 2 , and SD . 

Variable Df SS Ms F P value R 2 SD 

Particle size (nm) 

Model 9 32,005.21 3556.13 7.12 0.0085 0.9015 22.36 

Residual 7 3498.55 499.79 – – – –

Total 16 35,503.76 – – – – –

% Entrapment efficiency 

Model 9 1924.22 213.80 7.33 0.0078 0.9040 5.40 

Residual 7 204.25 29.18 – – – –

Total 16 2128.47 – – – – –

% Drug release 

Model 9 2355.93 261.77 8.90 0.0044 0.9196 5.42 

Residual 7 205.95 29.42 – – – –

Total 16 2561.88 – – – – –
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S and polydispersity 

The formulation’s PS influences how well a drug is delivered 

ia the intranasal route. However, due to tight epithelial cell junc- 

ions that open and shut in response to the activation of signal- 

ng processes, the LP PS ranges significantly influence assimilation 

ia the nasal route. 34 Although this choice may seem insignificant 

n comparison to the preformulation process, the device influences 

he geometry, size, and velocity of the particle plume. These factors 

ave a significant influence on delivery effectiveness. 35 The particle 

ize distribution of a liposomal dispersion in the range of below 20 

o over 200 nm. 36 The improved formulation’s PS decreased when 

he liquid lipid content was increased. The improved formulation’s 

verage PS was determined to be 191 (34.71) nm; the PS distribu- 

ion and zeta potential distribution can be seen in Figure 5 , and 

he polydispersity index (PDI) value was found to be 0.281. 

eta potential 

The colloidal system’s physical storage stability can be deter- 

ined by analysing the zeta potential (ZP), or electric potential, 

t the shear plane. The ZP value is also known to influence drug 

oading and the in vivo performance of drugs because it may be 

nvolved in drug distribution and clearance. The formulation’s ZP, 

hich was determined to be –22.32 mV, shows that it is stable. 37 

E 

The thin film hydration (TFH) method created VLF-loaded lipid 

arriers, improving hydrophilic drugs’ EE. Formulation entrapment 

fficiencies were found to be 94.12% (1.20%). The incorporation of 

LF resulted in high EE due to its lipophilic nature. 
8 
esign and optimization of VLF-loaded lipid carrier systems by BBD 

Seventeen experiments were performed using the BBD for the 

repared 3-center formulations. The 3 dependent variables are in- 

luded in the values. Size (in nanometers), EE (%), and % drug re- 

ease (Y1, Y2, Y3) specifically, the drug release rates range from 

91.31 to 315.29 nm, 69.54% to 94.13%, and 43.46% to 84.13%. 

he quadratic model obtained for the formulation was a good fit. 

able 4 shows the R 2 , SD, and percent coefficient of variation for 

ach of the 3 responses. The response surface plots of particle size, 

E, and the effect of independent variables on the percentage drug 

elease of VLF-LPs are shown in 3-dimensional graphs in Figure 6 . 

The average PS for all 17 experiments was 193.78 nm, so these 

alues fall between the minimum and maximum values of the size 

ange of 191.31 to 200 nm. 

inal coded factors 

esponse 1 (Y1): Independent variables’ effects on PS 

Table 3 shows that the average particle size for all 17 experi- 

ents was 193.78 nm, between the lowest and highest values in 

he size range of 191. 31 to 200 nm. 

S ( nm ) = +207 . 80 − 4 . 13X 1 × 50 . 62X 2 × 4 . 25X 3 × 9 . 75X 1 X 2 

×4 . 00 X 1 X 3 × 8 . 00X 2 X 3 × 3 . 77 X 

2 
1 × 49 . 73 X 2 2 × 7 . 53X 

2 
3 

Based on the above polynomials, it may be concluded that in- 

reasing the total lipid concentration also increased the PS of the 

Ps. Due to the surfactant’s decreased emulsification efficiency and 

ncreased particle aggregation. 38 However, increasing the lipid con- 

entration decreased the viscosity and surface tension of the for- 
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Figure 8. Differential scanning calorimetry thermal curves for pure drug (venlafaxine) (a), chitosan (b), and physical mixtures containing active pharmaceutical ingredients 

and excipients (c). 
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ulation, thus decreasing PS. Cholesterol had a slight effect on LP 

ize. 

E ( % ) = +89 . 00 + 3 . 62X 1 × 2 . 25X 2 × 2 . 63X 3 × 3 . 75X 1 X 2 

×5 . 50X 1 X 3 × 6 . 25X 2 X 3 × 0 . 7500X 

2 
1 × 18 . 00X 

2 
2 × 0 . 7500X 

2 
3 

esponse 2 (Y2): independent variables’ effects on %EE 

Table 3 shows that the range of entrapment efficiency was 69. 

4%–94. 12%. 

According to the literature, increasing the total lipid concentra- 

ion increases the EE, increasing the drug particle accommodation 

pace. Furthermore, adding the lipid fraction reduces drug leak- 

ge into the external phase. The amount of lipids influences EE 

ecause an increase in lipids entraps the drug in the lipid core, 
9 
hus increasing EE. The polymer concentration initially increases 

nd can then decrease significantly as the surfactant molecules be- 

ome trapped in the LPs. 39 Cholesterol has a slight effect on EE. 

R ( % ) = +71 . 40 + 3 . 75 × 1 × 2 . 38 × 2 × 2 . 87 × 3 × 19 . 00 

×1 × 2 × 0 . 50 0 0 × 1 × 3 × 3 . 75 × 2 × 3 

×4 . 83X 

2 
1 × 5 . 08X 

2 
2 × 10 . 43X 

2 
3 

esponse 3 (Y3): The influence of independent variables on the 

ercentage of drug release rate 

As shown in Table 3 , the percent drug release for all formula- 

ions developed ranged from 63% to 84.13%. 
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Figure 8. Continued 

Table 5 

Kinetic model that was used to predict the in vitro drug release pattern. 

Parameter Zero order First order Higuchi model Korsemeyer-Peppas 

R 2 0.5877 0.9813 0.9725 0.9747 

R 2 adjusted 0.5877 0.9813 0.9724 0.9747 

AIC 86.5974 90.1320 54.9589 10.015 

MSC 2.0618 11.0524 0.6896 0.3162 

Best fit values k0: 5.402 k1: 0.010 kH: 16.393 kKP: 0.226 

AIC = Akaike information criterion; MSC = Model Selection Criterion. 
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Figure 9. In vitro release profile of optimized venlafaxine (VLF)-loaded lipo- 

somes and VLF drug solution in simulated nasal fluid with pH 6.5. LPs 

(Liposome). 
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Total lipid and polymer concentrations greatly influenced the 

rug’s in vitro release patterns from LPs. Drug release is acceler- 

ted by an increase in the concentration of lipids, whereas an in- 

rease in the concentration of polymers slows it down. The opti- 

ized LP formulation is based on the BBD design point prediction 

ethod. The optimized batch of the VLF-loaded LP had an aver- 

ge particle size of 201.4 nm, with %EE and percent drug release 

f 94.13% (1.2%) and 80.37% (1.4%), respectively. The particle size of 

01.54 nm, trapping effectiveness of 94.53%, and drug release rate 

f 84.02% were determined to be valued reasonably close to those 

redicted by the BBD design. 

EM and TEM analysis 

The morphology study revealed that the spherical shape and 

ize of optimized VLF-LPs was 200 nm. These LPs resembled tiny 

ears in appearance. The formulation contains a mixed popula- 

ion of unilamellar vesicles and microvesicles containing optimized 

LF-loaded LPs with a particle size of ∼191 nm ( ∼200 nm diame- 

er) as measured by Zetasizer and showed a spherical shape. SEM 

nd TEM images of optimized VLF-LPs are shown in Figure 7 . 

SC analysis 

DSC (Perkin Elmer Tyres, Waltham, Massachusetts) thermo- 

rams of the formulations were recorded. The DSC thermal curves 

or pure drug (ie, VLF), chitosan, and the physical mixtures contain- 

ng active pharmaceutical ingredients and excipients are shown in 

igure 8 . The DSC thermogram of VLF showed a sharp endothermic 
10 
eak at approximately 210 to 212 °C, a smaller sharp peak at 214 °C, 

nd a broad peak at 246 °C, indicative of polymorphism. A previous 

tudy identified different polymorphic forms of VLF with a heat- 

ng rate of 2 K/min. The results indicate that the VLF used in this 

urrent study. Both cholesterol and chitosan had individual char- 

cteristics like an endothermic peak found for this cholesterol at 

49 °C and chitosan endothermic peak at 95 °C and exothermic peak 

t 298 °C. DSC was used to investigate the interaction between VLF 

nd the polymer; no interaction was found. 

n vitro drug release 

A dissolution test was performed using a membrane dialysis 

ag containing 250 mL phosphate buffered saline (pH 6.5), simu- 
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Figure 10. In vitro kinetic model of venlafaxine-loaded liposomes formulation: zero order (a), first order (b), Higuchi model (c), and Korsemeyer-Peppas model (d). 
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ating cerebrospinal fluid. The optimized VLF-LPs exhibited bipha- 

ic release from the prepared LPs and drug suspensions, with the 

astest drug release rates during the initial stage from the lipid 

urface, followed by slower drug release due to degradation of 

he lipid core. The results showed a sustained release of the drug 

54.1%) within the first hour; after that, the release was sustained 

rom the optimized VLF-loaded LPs. The maximal drug release of 

LF-loaded LPs was shown to be higher at 91.13% (1.023%) for up 

o 24 hours. It has been hypothesized that the initial burst of drug 

elease may be due to nonentrapped VLF on the outer surface of 

he LPs. Hydrophilic drugs can rapidly diffuse through the hydro- 

el layer created by the chitosan-coated LPs exterior, rapidly ab- 

orbing water from the solution. After this initial phase, there was 

 delayed release phase in which the lipid core eroded, the chi- 

osan shell dissolved, and the drug contained in the deep lipid 

atrix diffused into the release medium. Similar patterns were 

bserved in the research on chitosan-coated methazolamide solid 

ipid nanoparticles (SLNs). 40 

Such a release pattern favours antidepressant targeting, and 

reatment of acute forms of depression requires a rapid onset 

burst effect) followed by a slower release pattern to maintain 

herapeutic doses. Design of sustained release formulation that en- 

ures the preferred VLF release from its LPs system, the drug re- 

ease rate was analyzed using least-squares regression analysis. In 

itro drug release profiles of optimized VLF-loaded LPs and VLF 

rug solutions in simulated nasal fluid (pH 6.5) are depicted in 

igure 9 . LPs are a well known and popular delivery system among 

esearchers for targeting drugs to specific sites of action. Their 

owerful and unique ability to cross the blood-brain barrier and 

eliver drugs to target sites has been widely used for brain target- 

ng. This effectively im proved the loaded drug’s absolute bioavail- 

bility, retention time, and intracerebral delivery. Various modifi- 
11
ations are currently being made to the LPs’ surface to improve its 

bility to target the brain. Neurologists and scientists have studied 

ts use as a delivery system to treat brain disorders. This advanced 

pproach to intranasal drug delivery has been shown to reduce the 

everity of encephalopathy and help restore normal neural func- 

ion in the neural tube. 41 Although this venlafaxine-encapsulated 

P drug delivery system offers a very interesting and successful ap- 

roach to antidepressant therapy, further in vitro and in vivo stud- 

es are needed to make this a useful strategy for clinical trials. 

n vitro release kinetic model of VLF-loaded LPs formulation 

The in vitro kinetic models of VLF-loaded LPs formulation 

s zero order, first order, Higuchi model, and Korsmeyer-Peppas 

odel shown in Figure 10 . The R 2 values for the Higuchi and 

orsmeyer-Peppas models for VLF-loaded LPs were 0.436, 0.792, 

.887, and 0.667, respectively. The R 2 values are near unity in the 

iguchi model (0.887%); it was selected as the best-suited model 

depicted in Table 5 ). This research work is designed to optimize 

nd characterize antidepression drug VLF-loaded LPs, which will be 

urther used for direct nasal-to-brain delivery. 

torage stability 

Stability tests were performed according to the international 

ouncil for harmonisation of technical requirements for pharma- 

euticals for human use (ICH) Guideline Q1 A to achieve at- 

ospheric storage conditions for the prepared formulation. This 

uideline recommends stability testing parameters; that is, opti- 

ized particle size, drug release studies, and EE. These studies 

ound an insignificant or minor increase in PS (from 191.31 to 

94.61 nm during 3 months of storage at 4 °C and 25 °C). Similar 

esults were observed at 25 °C regarding drug release values (from 
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4.13 to 82.01%). The %EE of the optimized batch was 94.53% ini- 

ially and 78.14% after storage at 4 °C and 25 °C for 3 months, re- 

pectively. There were no significant changes in LPs size, drug re- 

ease, or encapsulation during LPs storage. Therefore, it was stable 

or a total of 3 months under the storage conditions tested (4 and 

5 °C). 42 

onclusions 

The recent study assessed the optimization of VLF-loaded LPs 

nd further planned to manage depression. VLF-loaded LPs were 

uccessfully prepared by the TFH method followed by a rotary 

vaporator. Response surface methodology was used for experi- 

ental design, and BBD was used for optimization. The study 

imed to develop a more affordable, biodegradable, and stable 

anocarrier with increased drug EE and delayed release patterns. 

he drug release follows the kinetic model ( R 2 value) of zero or- 

er, first order, and Higuchi and Korsmeyer-Peppas models for VLF- 

oaded LPs were determined to be 0.436, 0.792, 0.887, and 0.667, 

espectively. The R 2 values are near the unity of the Higuchi model 

0.887%), and it was selected as the best-suited model. This re- 

earch work was designed to optimize and characterize VLF-loaded 

Ps. The results suggest further in vivo studies of delivering VLF 

nto the brain by administering it through the intranasal route. Our 

reliminary research conclusion is that intranasal drug administra- 

ion of VLF-loaded LPs through nanocarriers could be an effective 

nd more proficient approach for managing depression. 
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