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ABSTRACT  

Hypertension is the most common modifiable risk factor for 

death and disability including stroke, accelerated and systemic 

atherosclerosis, heart failure, chronic kidney disease, lowering 

the BP with antihypertensive drugs, and lowering the incidence 

of cardiovascular disease and the damage to the target organs. 

The present review was about the solubilization, bioavailability 

and permeability of hydrochlorothiazide. This study explains 

about formulation and characterization of hydrochlorothiazide 

(HCTZ) solid lipid microparticles (SLM) utilizing Irvingia fat 

as the lipid matrix. Solid lipid microparticles have very good 

prospects as a good and an effective alternative to the 

traditional colloidal carrier systems like liposomes, emulsions 

and polymeric microparticles, for the encapsulation, targeting 

and controlled deliver of drugs and other activities. The 

microparticles endure prepared by using a hot homogenization 

method. The formulation parameters, including the lipid-to-

drug ratio and surfactant concentration, were optimized to 

achieve desirable microparticles. Characterization of the 

microparticles involved evaluating particle size distribution, 

morphology using scanning electron microscopy (SEM), drug 

loading efficiency, encapsulation efficiency, invitro drug 

release kinetics. The physical stability of the microparticles was 

also assessed over time. High drug loading efficiency and 

encapsulation efficiency were achieved, indicating effective 

incorporation hydrochlorothiazide inside the lipid matrix. 

Invitro drug release studies revealed sustained release kinetics 

of hydrochlorothiazide from the microparticles over time. The 

physical stability studies demonstrated the stability of the 

microparticles under storage conditions. Overall, this review 

provides a comprehensive understanding of the formulation and 

characterization of hydrochlorothiazide solid lipid 

microparticles based on lipid matrices in Irvingia fat, 

highlighting their potential for controlled drug delivery 

application. 
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INTRODUCTION:  

Hydrochlorothiazide is one of the best thiazide diuretic. It acts orally and the dosage form 

used for the usage of congestive heart failure and hypertension range from 25 to 50g daily 

alone or combination with other antihypertensive drugs up to 100mg if necessary. 

Hydrochlorothiazide has a half-life approximately 2.5 hours and oral bioavailability 70% [1]. 

It is only absorbed from the upper part of the duodenum and once it passes this absorption 

site, little or no absorption takes place [2]. 

 Due to its great global incidence, hypertension is a serious public health issue [3-6]. High 

blood pressure is the cause of over 7.5 million fatalities worldwide each year, or 12.8% of all 

deaths [7]. It is anticipated that the number of adults with hypertension will rise to 1.56 billion 

[8]. It sounds like you are express a condition that often goes unnoticed until it reaches a 

critical state, such as heart attack, stroke, or chronic kidney disease. It is important to 

prioritize regular check-ups and screenings for early detection and prevention [9-11]. 

Currently, approximately 40% of the marketed immediate-free oral drugs are identified as 

practically insoluble (<100mg/ml) [12]. Lipid based formulations are typically reputed to 

improve the solubility and bioavailability of per orally administered poorly soluble drug [13]. 

Commonly, the solubility of an amorphous drug is higher than that of the equivalent 

crystalline drug. The difference in the solubility between amorphous form and crystalline 

form has been observed between 1.1- and 1000-fold [14]. By incorporation of poorly water- 

soluble drugs in the solid lipid matrix were led to improved bioavailability, protection of 

sensitive drug molecules from the outer environment (water, light) and even controlled 

release characteristics [15]. Solid lipid microparticles are usually [SLMs] are usually presented 

as emulsion systems, differing from conventional emulsions by their particulate nature and 

can be lyophilized in to discrete microparticles [16]. For improved functionality, the lipid 

matrices can be structured with phospholipids. The composition of the lipid matrix and this 

physical and chemical properties such as crystallization of the components are important for 

the drug loading capacity of nanoparticles and microparticles [17]. 

Irvingia gabonensis var. excelsa (Irvingia wombolu) is a tropical African tree. It contains fat 

in their seeds or nuts [18,19]. Fat extracted from the nut of this plant can be used for food, 

cosmetic and pharmaceutical applications [20]. Fat obtained from the nut of the plant is 

generally regarded as safe and has been consumed locally in Africa for centuries. Therefore, 

it would be ideal to look into how well it works in lipid-based drug delivery system. 
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Class IV of the classification system because to its poor permeability of membrane and low 

solubility in water. Consequently, HCTZ is, therefore, a good drug for advanced lipid 

formulation in order to achieve improved bioavailability which could lead to dose reduction 

and decreased side effects. In addition, reduced side effects of hydrochlorothiazide may 

promote patient compliance and eventually therapeutic performance of the formulation. 

This review focus to study the efficacy and safety of hydrochlorothiazide from the 

formulation and characterization of hydrochlorothiazide solid lipid microparticles based on 

fat derived from Irvingia gabonensis var. excelsa (irvingia wombolu) and phospholipon® 

90G (P90G). 

Solid lipid microparticles (SLM) 

Microparticles or microspheres, as they are interchangeably called,are fine spheres usually 

less than 1000um in diameter. Microparticulate can be preapred by well-established 

manufacturing processes. Adrug that has been integrated can either be uniformly dispersed 

throughtout the polymer martix (microparticles) or it can be encapsulated to create a drug 

resovoir (microcapsules) by enclosing it with polymer [21]. Solid lipd microparticles (SLM)are 

defined as solid lipid, approximately spherical particles ranging in size from 1 to 1000um. 

They are made of polymeric, wax or other protective materials, that is, biodegradable 

synthetic polymers and modified natural products such as starches, gum, proteins, plump and 

waxes. These micrometer-sized particles consist of a solid fat core based on naturally 

occuring lipid and stabilized by surfactant molecules[22]. 
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Figure 1.1: Different particulate organization applied in drug delivery with their 

characteristics.  

➢ Advantages of solid lipid microparticles (SLMs) 

1. High stability  

2. Feasibility of scale-up  

3. Reduced toxicity  

4. Possibility of drug targeting and controlled release  

5. Protection of  incorporated labile medicament against chemical degradation  

6. Use of biodegradable lipids  

7. Allow water-attracted and /or hydrophobic antidote to be incorporate 

8. For drug and carreir system, there is stability in both chemical and physical storage. 
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➢ Clinical applications of solid lipid microparticles (SLMs) 

1. SLM have been as a carrier system for the delivery of drugs in the treatment of 

inflammatory bowel disorder using curcumin [23]. 

2. Budesonide loaded solid lipid microparticles have been demontrated to be of potential 

benefit in the teatment of pulmonary disease in vivo[24]. 

3. SLM have been determine to be effective as carrier for solid lipid nanoparticles  (SLN) 

e.g. inhalable microparticles were used as carrier for the pulmonary delivery of thymopentin-

loaded SLNs [25].  

4. SLM are also employed in imaging e.g. imagent, a perflexane lipid microparticles is used 

in clinics or hospitals to determine gastrointestinal problems through magnetic resonance 

imaging (MRI). It is used to differentiate the problems from the normal structures. It effects 

the bowel contents, showing on the MRI image as a black spot[26].  

5. Lipid microparticles of cosmetic factors such as glycolic acid have shown decreased 

irritation potential, while the fusion of quercetin in lipid microparticles improved photo and 

chemical stability of the flavinoid[27]. 

 

Figure 1.2 : Scanning electron microscopy of solid lipid microparticles 
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❖ MATERIALS AND METHODS: 

➢ Materials 

Phospholipon 90G (P90), hydrochlorothiazide, labrasol, Irvingia fat. 

➢ Extraction of fat form 

Irvingia gabonensis var. excelsa (Irvingia wombolu) from the nut of irvingia gabonensis var., 

fat was recoded. excelsa with petroleum ether (40 to 600C) using column extraction and 

concentrated with a rotary evaporator. The nuts were milled to course form and dried 

previous to start charcoal and bentonite in the lipid at 500C for 1hr. Following that, the 

suspension was vacuum-filtered Buchner funnel. The kind of fast in often referred to as “dika 

fat”. The yield of extracted to extraction. Further purification was carried out by heating a 

2%w/w suspension of a 1:9 ratio blend of Irvingia fat was calculated using equation.1: 

 

 

❖ Formulation and optimization of unloaded solid lipid microparticles  

Hot homogenization was used to produce solid lipid microparticles. Irvingia fat (5%w/w) 

was melted at 600C while aqueous labrasol® surfactant solution (1.5%w/w) was maintained at 

same temperature in an electronic thermostat water bath for 5min. Appropriate quantity of 

HCTZ. The surfactant solution was melt in the molten Irvingia fat to formulate SLM 

dispersions containing 1%w/w HCTZ. The melted irvingia fat laden with HCTZ was then 

gently stirred in the surfactant solution. The mixture was immersed in the water bath and 

homogenized at 20,000rmp for 5 minutes using an ultra-turrax® mixer. Subsequently the 

dispersion (HD SLM dispersion) was allowed to cool and subsequently stored in a 

refrigerator (40C). The procedure was repeated using Irvingia fat/P90G LMs at 3:1, 4:1, and 

9:1 mass ratioes to form PDP3, PDP4 and PDP9 SLM dispersion respectively. The P90G was 

pre-heated at 800C prior to lipid fusion. 

Yield% = [weight of extracted Irvingia fat/weight of dried Irvingia nuts]  
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Figure 2.1 : Hot homogenization technique of solid lipid corpuscular preparation 

❖ Characterization of the solid lipid microparticles  

➢ Particle size analysis, morphology, and polydispersity   

Using a motic ® digital light microscope to examine thin slide sample of dispersion and 

motic ® cameras to take and process image, motic ® image plus 2.0 software was used to 

study the particles size and morphology. The polydispersity index was calculated as the ratio 

of standard deviation to the mean particle size of the solid lipid microparticles. The pH of the 

dispersions was studied using a validated pH meter. The electrode part of the pH meter was 

immersed into 50ml quantities of each dispersion, and the reading was documented. 

➢ Drug encapsulation efficacy, drug loading capacity and yield (%)  

The content of hydrochlorothiazide in the microparticles was determined using UV 

spectrophotometric method the solid lipid microparticles dispersion was centrifuged at 

3000rpm for 20min and the supernatant was analyzed with a UV-VIS spectrophotometer 

(spectrum lab 752s) at 273nm respectively after appropriate dilutions. A laboratory desktop 



ijppr.humanjournals.com 

Citation: Nagaveni Pommala et al. Ijppr.Human, 2024; Vol. 30 (3): 71-82. 78 

centrifuge (model SM 800B) was used for centrifugation. The drug encapsulation efficiency 

(EE%) of the loaded microparticles was calculated using equivalence 2 and 3. 

EE% = [Real drug loading / Theoretical drug loading] ×100                                   [2] 

EE% =W total – W free / W total ×100                                                                            [3] 

Where W total = Weight of the drug added to the system 

W free = Weight of free drug dissolved in medium or supernatant 

The drug loading capacity (DLC%) was calculated using Equivalence 4 

DLC% = W total -W free / W total – W free + W lipid ×100                                               [4] 

Where the weight of lipid introduced to the system is denoted by W lipid.                                                                                                  

The percentage yield of the SLMs after the homogenization preparation process, was 

calculated using Equivalence 5 

Yield% = [Actual weight of SLM / Theoretical weight of SLM] ×100                [5] 

➢ Syringeability 

The compositions` syringeability was evaluated by subjecting each dispersion to a variety of 

needle gauges of differing size (18G,21G,22G, and 23G). The syringeability of a sample 

formulation is determined by measuring the smallest needle gauge that the full sample can 

pass through.  

➢ Freeze-thaw cycle test 

The temperature of storage of the solid lipid corpuscular dispersions was varied between 40C, 

250C, and 400C for one cycle. The physical stability and drug content the different 

formulations were evaluated after one week and one month. 

➢ Differential scanning calorimetry of lyophilized solid lipid microparticle dispersions  

A lyophilizer/ freeze dryer was used to lyophilize a suitable volume of every dispersion. This 

process converted the dispersions to powder. Differential scanning calorimetry (DSC) was 

then performed on samples of hydrochlorothiazide solid lipid microparticle dispersion using a 

DSC instrument at a temperature range of 30 to 4000C and heating 10K/min rate on an 
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aluminum pan with a perforated top. The DSC of the SLM samples was used to assess their 

thermal property, and transparent and to observe any chemical interaction between 

components of the SLM. 

➢ Drug release and diffusion studies of solid lipid microparticle dispersions  

SLM dispersion in appropriate amounts equal to 25 mg of HCTZ were each encased in 

dialysis membrane tubing (molecular weight cutoff5000-8000) that had the same diameter 

and length (3cm) and width (2.5cm) for all the tests. The enclosed dispersion were submerged 

in 900ml of simulated gastric fluid in a beaker mounted on a magnetic stirrer assembly, and 

the medium was maintained at 37±10C and stirred at 50 rpm. Using a spectrum lab 752s UV-

VIS spectrophotometer, a series of 5 ml quantities of the solution were removed at 30 

minutes intervals for six hours and then tested at 273 nm.  

➢ Kinetic and mechanism of drug release and diffusion 

The cumulative amount of HCTZ released from the formulated dispersion at different   time 

interval were fitted to the following plots; zero-order kinetic model using cumulative 

percentage drug release versus time or “Q versus t”; [28] first order kinetic model using log 

cumulative of percentage drug remaining versus time or “Log (100-Q) versus t”;  [29]. The 

drug release from a matrix system is described by the Higuchi model. It`s based on the square 

root of time, where the cumulative percentage drug release is proportional to the square root 

of time. Q versus t1/2[30]. This relationship is often expressed as:  

 

 

Here, (Q) is the cumulative drug release at time (t), and (k) is a constant. The plot of 

cumulative percentage drug release versus the square root of time should ideally result in a 

linear relationship if the Higuchi model implement to the drug release from your system. The 

slope of the line in such a plot represents the (k) constant. 

Statistical analysis 

One-way analysis of variance was used to analyze the data. In data analysis, both descriptive 

and inferential statistic were used. P < 0.05 Was considered to be statistically significant.  

 

                       Q = k                           
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Applications of Hydrochlorothiazide 

1.Identify appropriate indications for Hydrochlorothiazide in treating hypertension and                                    

peripheral edema, considering patient-specific factors 

2.Difference between hydrochlorothiazide and other thiazide-type diuretics, understanding 

their comparative effectives, adverse effects, and individual patient profiles. 

3. utilize your understanding of the mechanism of action of hydrochlorothiazide to identify 

how they affect sodium resorption and how they cause natriuresis and diuresis.   

4.Collaberate with other inter professional healthcare professionals to ensure comprehensive 

care and address any concern or complications related to hydrochlorothiazide therapy. 

CONCLUSION: 

The incorporation of hydrochlorothiazide in to solid lipid microparticles based on Irvingia fat 

and P90G modified the release of the hydrochlorothiazide drug and improved its 

permeability. This observation would possibly improve the bioavailability of the drug, allow 

for dose reduction and reduce associated side effects. It increases the excretion of sodium, 

water, potassium and hydrogen ions by blocking sodium reabsorption in the distal tubules. It 

is poorly water- soluble drug having plasma half -life 6-8 hrs. hence it is formulated in 

nanoformulations like solid lipid microparticles to enhance the absorbent and solubility of the 

drug. Solid lipid microparticles are more effective when compared to other nanoformulations. 

Lipid carriers have bright future due to their inherent property, SLMs constitute an attractive 

colloidal drug delivery system due to successful incorporation of drug and their related 

benefits. SLMs are economical patient-friendly equipment for administration of drugs by 

various routes.  
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