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1. Introduction
The technique of microencapsulation is a method 

that is utilised to secure sensitive and expensive com-
pounds by enclosing them within a barrier that provides 
protection [1]. Through the use of this barrier, the chem-
icals can be released in a controlled manner at specific 
locations, times, and under specific conditions. Recent 
developments in the pharmaceutical sector have demon-
strated the existence of complex medication composi-
tions that are particularly prone to auto-oxidation [2]. 
Spray cooling, fluidized bed coating, extrusion, freeze 
drying, and coacervation are just a few of the many ways 
that can be utilized for the process of microencapsula-
tion [2, 3] Solid lipid microparticles (SLMs) provide 
controlled and specific administration of drugs within a 
solid lipid matrix. SLMs are stabilized by a single layer 
of surfactant or a combination of surfactants, which re-
sults in a reduction of particle size and enhances the 
ability to store them for longer periods [4, 5]. SLMs often 
consist of fatty acids, waxes, triglycerides, or a combina-
tion thereof. Various emulsifier classes and ratios have 
been utilized to stabilize SLMs, including lecithin, bile 
salts, non-ionic emulsifiers like copolymers, sorbitan es-
ters, and fatty acids [6]. White, crystalline terazosin hy-
drochloride is water-soluble [7]. Terazosin, a selective 
alpha-1 antagonist, was FDA-approved in 1987 for hyper-
tension and in 1993 for the treatment of urinary tract 

diseases caused by benign prostatic hyperplasia [8, 9]. 
Terazosin, an HCl salt, is typically found in oral capsules 
with 1, 2, 5, or 10 mg dosages. Due to substantial plasma 
concentration fluctuations by oral administration, tera-
zosin has various side effects [10, 11], such as extreme 
dizziness, weakness, and orthostatic hypotension [12]. 

The aim of this study was to encapsulate TZ in 
lipid matrices to extend the duration of the release and 
decrease fluctuation of action to reduce side effects; our 
research enclosed TZ in lipid matrices. Our team has 
established twelve distinct formulations of TZ micropar-
ticles. These formulations were created by using lipophil-
ic components such as CP, MA, GMS, and tween 80 as a 
stabilizer. An evaluation was carried out on the TZ mi-
croparticles that were created. 

2. Research planning (methodology)
Among the most important parts of the research 

process are: 
1. Developing an HPLC technique for TZ and con-

ducting validation in compliance with international crite-
ria to ensure accurate TZ assessment.

2. The planning of formulations of TZ formula-
tions employing lipid materials to achieve sustained re-
lease where TZ is water soluble.

3. Characterization and assessment of the formu-
lations. 
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4. The optimal formulations were chosen for mor-
phological investigation.

3. Materials and methods
TZ (99.8 %, HPLC), PEG 400, and tween 80 were 

purchased from Sigma-Aldrich, UK. Kolliwax® (GMS) 
II was obtained from BASF, Germany. Cetyl palmitate 
was obtained from Croda, UK. Acetonitrile, triethyl-
amine, and glacial acetic acid, designed for HPLC, are 
available from E. Merck in Darmstadt, Germany. 

HPLC method. The  system  involves  a  C18  (5 μm, 
25 cm×4.6 mm) and acetonitrile: water: triethylamine in 
the ratio 60:40:0.1 and adjusts pH to 6 by glacial acetic 
acid as the mobile phase as modified by [13]. TZ was as-
sayed at 254 nm by a photodiode array detector, and 20 ul 
was injected.

3. 1. Validation of method
System suitability. Five injections with Waters 

HPLC  equipment  assessed  a  100 %  standard  solution’s 
suitability. 

Linearity. Terazosin HCL was assessed at 20–
80 µg/ml concentrations. Slope, y-intercept, and correla-
tion coefficient (R2) were assessed. Furthermore, linearity 
is the ability to produce effects proportional to magnitude 
or intensity. A graph compared average area and strength. 
The variables are strongly correlated if R2>0.98. 

Accuracy. Accuracy measures how closely anticipat-
ed values match observed values. The calculation calculated 
the recovery percentage (R %) for TZ at doses of 40, 50, and 
60 µg/ml. The average recovery should be 90–100 %. 

Precision. HPLC was tested for intermediate TZ 
measurement accuracy and consistency. The repeatabili-
ty was determined by six test concentration investiga-
tions. To demonstrate intermediate precision, three ana-
lyzers measured six samples with 100 % concentrations 
and determined the relative standard deviation (%RSD). 
A test’s precision is assessed by how well several dupli-
cate analyses over three days yield consistent results. Six 
samples with varying concentrations were tested numer-
ous times in one day to verify accuracy. The inter-day 
accuracy was determined by assessing six replicate con-
centrations over three days. 

Specificity. Specificity showed the capacity to 
discern primary peaks from similar peaks and the place-
bo. To rule out interference, specificity was measured. 

Limits of detection and quantification. The limit of 
detection (LOD) is the lowest drug concentration or in-
tensity that can be identified, even if mismeasured. How-
ever, the limit of quantification (LOQ) is the lowest 
substance concentration that can be properly quantified. 
LOD and LOQ were determined using the methods 
LOD=3.3×SD/S and LOQ=10×SD/S, SD denotes the stan-
dard deviation, while S symbolizes the slope

Robustness. Being robust means that it can contin-
ue to function reliably even when subjected to little mod-
ifications. Variations in wavelength and flow rate were 
part of the robustness assessment.

Stress-induced degradation. A 50 µg/ml concen-
tration was used for a stressed degradation investigation. 

Base hydrolysis was performed by putting 5 ml of 1 M 
solution at 70 °C for 1 hour. For acid hydrolysis, 5 cc of 
1 M hydrochloric acid was used at 70 °C for around 
1 hour. 0.5 cc of 50 % H2O2 was left for 60 minutes  to 
degrade oxidatively. Leaving the standard solution under 
UV lamps generating 254 nm light for 24 h.

Microparticles preparation. The microparticles of 
TZ were generated by accurately weighing the stabilizer 
(Tween 80), which was then placed in a beaker with 100 ml 
of water containing PEG 400. The mixture was agitated on 
a thermostated mechanical shaker at a temperature of 90°. 
Next, (Cetyl palmitate/Myristic acid) was introduced and 
agitated until it melted. One gram of TZ was dissolved in 
25 milliliters of acetone. Subsequently, this solution was 
gradually introduced into a blend of liquefied lipid sub-
stances while agitating at 20,000 revolutions per minute 
for 20 minutes, utilizing a magnetic stirrer equipped with 
a heated surface. Dispersed microparticles were solidified 
with cold water. A vacuum pump filtered the dispersion to 
capture microparticles, followed by rinsing and drying in 
a desiccator for 48 h. A Malvern Mastersizer 2000 (Mal-
vern UK) laser diffraction device was used to evaluate the 
volumetric size distributions. The TZ microparticle com-
positions are disclosed in Table 1. 

Table 1
Formulation of microparticles

Formula Cetyl pal-
mitate (g)

Myristic 
acid (g) GMS (g) PEG 400 

(g)
Tween 80 

(g)
F1 0.2 – 0.1 1 0.5
F2 0.4 – 0.1 1 0.5
F3 0.6 – 0.2 1 0.5
F4 0.8 – 0.2 1 0.5
F5 1 – 0.5 1 0.5
F6 0.2 0.25 – 1 1
F7 0.4 0.5 – 1 1
F8 0.8 1 – 1 1
F9 1 1 – 1 1

F10 – 0.5 0.1 1 1
F11 – 1 0.2 1 0.5
F12 – 1 0.2 1 0.5

3. 2. TZ microparticles characterization 
Encapsulation efficiency (EE).
Centrifugation technique was employed to calcu-

late EE of TZ. Microparticles (including TZ equivalent to 
10 mg) were dispersed and centrifuged at 20000 rpm for 
30 min in a refrigerated centrifuge to obtain the superna-
tant. Then, the concentrated liquid was filtered to deter-
mine the free TZ concentration after dilution and ana-
lyzed. The following equation was employed [14–16]:

weight of drug incorporated 100% .
weight of drug initialy taken

EE ×
=

Particle size and surface charge.
Using a Zetasizer equipment manufactured by Mal-

vern Instruments, UK, we assessed the stability and distri-
bution of TZ microparticles using photon correlation 
spectroscopy. Each sample was subjected to three determi-
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nations following adequate dilution with filtered deion-
ized water, and the findings were reported as mean values. 

In vitro drug release studies.
The microparticle powder, equivalent to 10 mg of TZ, 

was dissolved by passing it across a dialysis membrane with 
a mass cut-off of 12 KDa [17]. As a result, the bags were 
upheld and positioned in the basket USP dissolving testing 
apparatus, rotating at a speed of 50 revolutions per minute 
in 900 milliliters of water [18]. We transfer 5 ml samples at 
regular intervals of 1, 2, 4, 6, 8, 10, and 12 hours. These 
samples were then replaced with fresh medium to maintain 
a constant concentration. The percentage of TZ released 
from the microparticles was then calculated. 

Scanning electron microscopy (SEM).
Using SEM, the surface morphology of TZ micro-

particles was observed. The selected TZ microparticles 
were gold-coated using a Baltec SCD 005 Spater coater 
apparatus. The micrographs are captured with a SEM-
Jeol JSM 6460LV instrument. 

Statistical investigation.
Utilizing the GraphPad Prism® software, we were 

able to determine residual SD, LOD, and LOQ.

3. Results 
An HPLC technique was developed to quantify TZ, 

and validation characteristics were conducted according to 
the guidelines of ICH Q2 and USP 43 [18, 19]. The suitabil-
ity features were evaluated, including the tailing factor (T), 
capacity factor (k’), and count of plates [19–21]. The T, k’, 
and plate count to be 0.63, 6.2, and 6400 revealed in Ta-
ble 2. The peak observed in Fig. 1, with a retention time of 
8.3 min, corresponds to TZ. The peak observed in Fig. 2, 
with a retention time, corresponds to TZ and exhibits min-
imal tailing, which is less than 2, and excellent symmetry.

A calibration curve was constructed, with the Y-axis 
representing the peak area in microvolts (uV) and the X-ax-
is representing microgram concentration per milliliter. The 
obtained R2 is 0.9991, which falls within the specified con-
straints of not being less than 0.99 revealed in Fig. 1, and 
the recovery varied between 99.8 % and 101 %, which falls 
within the specified constraints shown in Table 2. Further-
more, the approach demonstrated precision as the assess-
ments of the identical sample were comparable, with RSD 
values of less than 1 % or falling below the threshold of less 
than 2 %. Furthermore, sensitivity was 
underscored through the determina-
tion of the LOD) and LOQ for TZ, 
which were 6.3 and 19.1 µg/ml, respec-
tively, represented in Table 2. Degra-
dation of TZ was 5.3 %, 11.7 %, 18.6 %, 
and 2 % under acidic, basic, oxidation 
and light, respectively, indicating sta-
bility indicating characteristics of the 
method. Furthermore, the RSD was 
less than 0.4, with minor changes in 
the analysis conditions confirming ro-
bustness.

The TZ content exhibited a 
range  of  89.6 %  to  94.8 %,  while  the 
entrapment  efficiency  was  71.5 %  to 

92.17 %, as indicated in Table 3, which is considered accept-
able. The average size of TZ microparticles varied between 
2.11 and 5.6 µm, while the zeta potential of the TZ-loaded 
microparticles, which also contained CP and GMS, ranged 
from –22.9 to –29.4 mV and the polydispersity index (PDI) 
remained consistently between 0.24 and 0.41.

Fig. 3 shows that the formula microparticles (F4) 
had the largest release of TZ after 8 hours, with 85 % of 
the drug being released, while the formula microparticles 
(F9) had the lowest release of TZ, with only 51 % being 
released after 8 hours. Thus, the optimal formulation 
exhibited satisfactory release. 

The zeta potential and size of the microparticles in 
formulation F4 are depicted in Fig. 4, 5, with a mean size 
of 4.21 µm. The formulation (F4) exhibited superior 
properties regarding high zeta potential therefore, F4 was 
chosen for SEM, where the TZ microparticles showed a 
spherical shape (Fig. 6). 

Table 2
Validation parameters

Parameter Criteria TZ

Linearity

R2≥0.98 0.9991
Slope 107723

Intercept 458046
Regression equation 107723x–458046 

System 
suitability

T<2 0.63
Plates >2000 6400

k’>2 6.2

Accuracy
Mean % recovery (95 % to 105 %) 99.9 %

RSD≤2 % 0.36 %

Precision
Repeatability (RSD %≤5 %) 0.11 %
Intermediate (RSD %≤10 %) 0.23 %

Sensitivity
LOD (µg/ml) 6.3
LOQ (µg/ml) 19.1

Degrada-
tion 

In 1 M HCl 84.7 %
in 1 M NaOH 78.3 %
in 10 % H2O2 81.4 % 

Photolytic 98 %

Robust-
ness

RSD % at 253 nm 0.21 %
RSD % at 255 nm 0.27 %
RSD % at pH 6.1 0.22 %
RSD % at pH 5.9 0.32 %

Fig. 1. Chromatogram of TZ
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Fig. 2. Calibration curve of TZ
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Table 3
Mean particle size, content, ZP and PDI

For-
mula

Mean drug 
content (%)

Mean 
EE (%)

ZP 
(mV) 

Mean particle 
size (μm) 

Mean 
PDI

F1 92.4 76.31 –23.1 2.56 0.40
F2 88.4 81.48 –23.6 3.48 0.39
F3 93.4 82.17 –24.6 5.27 0.37
F4 94.8 92.17 –29.4 4.21 0.24
F5 92.9 82.48 –23.4 4.14 0.29
F6 93.6 79.89 –23.6 3.64 0.38
F7 92.9 90.47 –24.1 4.24 0.27
F8 94.6 71.50 –25.6 3.59 0.39
F9 89.6 76.45 –25.9 3.49 0.41

F10 90.9 79.59 –23.2 2.11 0.37
F11 92.1 81.45 –22.9 3.49 0.27
F12 93.9 82.56 –23.4 5.60 0.36

5. Discussion
An HPLC technique was developed to quantify TZ, 

and validation characteristics were conducted according 
to the guidelines of ICH Q2 and USP 43 [17, 18]. The 
suitability features were evaluated, including T, k’, and 
plate count [19, 20]. The estimates met the criteria out-
lined in Table 2. The peak observed in Fig. 1, with a re-
tention time corresponds to TZ and exhibits minimal 
tailing which less than 2 and excellent symmetry.

Regarding the calibration curve, the obtained cor-
relation coefficient (R2) is 0.9991, which falls within the 
specified constraints of not being less than 0.99. The re-
covery varied between 99.8 % and 101 %. Furthermore, 
the approach demonstrated precision as the assessments 
of the identical sample were close, with relative standard 
deviations (RSD) of <1 % or under the threshold of <5 %. 
Sensitivity was highlighted by determining LOD) and 
LOQ for TZ, which were 6.3 and 19.1 µg/ml, respectively 
and the findings are depicted in Fig. 2 and Table 2.

The  TZ  content  exhibited  a  range  of  89.6 %  to 
94.8 %, while  the  entrapment  efficiency was  71.5 %  to 
92.17 %, as indicated in Table 3, which is considered high. 
The average size of TZ microparticles varied between 
2.11 and 5.6 µm, while the zeta potential of the TZ-loaded 
microparticles, which also contained CP and GMS, 
ranged from –22.9 to –29.4 mV which indicated stability 
of microparticles and absence of clumping was observed 
among the microparticles [21], and the polydispersity in-
dex (PDI) remained consistently between 0.24 and 0.41 
which indicate conformity of particles size [22].

Fig. 3 shows that the formula microparticles (F4) 
had the largest release of TZ after 8 hours, with 85 % of 
the drug being released, while the formula microparti-
cles (F9)  had  the  lowest  release  of  TZ, with  only  51 % 
being released after 8 hours. 

The zeta potential and size of the microparticles in 
formulation F4 are depicted in Fig. 4, 5, with a mean size 
of 4.21 µm. The liberation of TZ from (F4) exceeded 
80 % after 8 hours and continued  till 12 hours.  In addi-
tion, the formulation (F4) exhibited superior properties 
regarding high zeta potential of –29.4 mV conforming 
stability [22] and its microencapsulation efficiency was 
high  (92.17 %),  and  the  sustained  release  of microparti-
cles incorporating CP could be attributable to the hydro-
phobic characteristics of the long-chain fatty acids in-
cluded in the triglyceride, which help to retain lipophilic 
drugs. medicines [23]. Thus, the optimal formulation F4 
was chosen for SEM, where the TZ microparticles 
showed a spherical shape (Fig. 6). The microparticles 
produced may be filled in hard gelatin capsules to be 
employed in the pharmaceutical industry.

There is a need for more literature experiments that 
involve using lipid matrices to microencapsulate TZ to 
achieve a prolonged release. In our study, I successfully 
formulated loaded TZ microparticles utilizing lipid mate-
rials, marking the first attempt to include TZ in lipid ma-
trices. Nevertheless, certain studies endeavoured to design 
other dosage formulations of terazosin. Kumar et al. (2014) 
developed sublingual TZ tablets employing several super-
disintegrating agents by the direct compression tech-
nique [24]. The tablets underwent precompression and 
post-study evaluations. A very efficient formulation, re-
ferred to as F6, was discovered. This formulation exhibit-
ed a rapid wetting time and disintegration time, all at-
tributed to the presence of Crosspovidone [24]. Regarding 
the research performed [25], TZ Fast Dissolving Tablet 
was prepared using superdisintegrants through direct com-
pression and its effectiveness was evaluated [25].

Nevertheless, numerous inquiries revolve around the 
utilization of waxy substances. For instance, Lipid matrix 
controlled-release microparticles comprising azilsartan 
kamedoxomil (AZM) have been produced and effectively 
employed [17]. The AZM microparticles were synthesized 
by melting various waxy substances and stabilizers such as 
Tween 80 and Poloxamer 407. The formulations of AZM 
microparticles were evaluated [17]. López-Iglesias et al. 
developed bioactive substances SLMs containing lidocaine 
hydrochloride by utilizing glyceryl monostearate (GMS) [26]. 
The researchers then assessed the formulation’s effective-
ness in delivering the medicine to the site of the wound and 
penetrating the skin barrier. SLMs could deliver appropriate 
doses for pain relief and preventing infections. Furthermore, 
Ilyas et al. сreated prolonged SLMs of Bisoprolol applying 
waxes to improve medication pharmacokinetics and hyper-
tensive patient compliance utilizing Carnauba and Ceresin 
waxes as matrices and Tween 80 [27]. Results showed that 
all SLMs had good micromeritics, some formulations 
showed controlled released.

Practical relevance. The established formulations 
were to extend the duration of the release, therefore, TZ 

Fig. 6. SEM of F4
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was incorporated in lipid matrices. These formulations 
were created by using lipophilic components such as CP, 
MA, GMS, and tween 80 as a stabilizer and evaluation of 
the developed formulation was conducted chemically 
employing an accurate HPLC which was designed to as-
sess TZ accurately and the selected formulation was as-
sessed morphologically by SEM.

Limitations of the study: The current analytical 
method may not be utilized to calculate other medicines 
in combination with TZ without assessing the resolution 
between peaks. Furthermore, the lipophilic materials 
employed, such as Kollicoat, may not be appropriate for 
other drugs.

Prospects for further research: This study de-
tails an HPLC technique that can be employed to evalu-
ate dosage forms containing TZ kept at elevated tempera-
tures, serving as a stability indication assay.

6. Conclusion
Through microencapsulating TZ with lipid matri-

ces such as cetyl palmitate, GMS, PEG 400, and stabiliz-
er (tween 80) in the proportions of 0.8:0.2:1:0.5, it can be 
accomplished to produce TZ microparticles that have 
ideal characteristics such as a high zeta potential 
(–29.4 mV) confirming the stability of microparticles and 
the least PDI 0.24 indicating that particles are uniform. 
Additionally, these microparticles have a sustained re-

lease that lasts for twelve hours. The optimal formula 
(F4) comprised cetyl palmitate, GMS, PEG 400, and 
tween 80 in the ratio of 0.8:0.2:1:0.5 was assessed chem-
ically using the developed HPLC method and morpholog-
ically by SEM. Then, it is possible to incorporate the 
formulation that has been optimized into capsules or 
tablets that have a prolonged release behaviour and are 
prescribed for administration.
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