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INTRODUCTION 

1.1 Hypertension: Overview and Classification 

Hypertension or high blood pressure, is one of the 

most prevalent modifiable cardiovascular risk factors 

worldwide. It is defined as a sustained elevation of 

systolic blood pressure (SBP) ≥130 mmHg and/or 
diastolic blood pressure (DBP) ≥80 mmHg. Despite 
being largely asymptomatic earning the label 'silent 

killer' chronic hypertension imposes progressive 

damage on target organs including the heart, kidneys, 

brain, and retina, increasing the risk of myocardial 

infarction, stroke, chronic kidney disease and 

premature death. The condition affects more than 1.28 

billion adults globally [1-3]. 

Hypertension is classified into two main types. 

Primary (essential) hypertension accounts for 

approximately 90–95% of all cases and develops 

gradually over decades. Contributing factors include 

genetic predisposition, sedentary lifestyle, obesity, 

high dietary sodium intake and psychosocial stress. 

Secondary hypertension arises from identifiable 

conditions such as renal disease, primary 

aldosteronism or thyroid dysfunction and may resolve 

upon treatment of the underlying cause [4-6]. 

 

Category Systolic (mmHg) Diastolic (mmHg) 

Normal < 120 < 80 

Elevated 120 – 129 < 80 

Hypertension Stage 1 130 – 139 80 – 89 
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Hypertension Stage 2 ≥ 140 ≥ 90 

Hypertensive Crisis > 180 > 120 

Table 1: Blood Pressure Classification Used in Clinical Practice 

1.2 Limitations of Conventional Antihypertensive 

Therapy 

Conventional pharmacotherapy for hypertension 

employs multiple drug classes: diuretics 

(hydrochlorothiazide), beta-blockers (metoprolol), 

ACE inhibitors (enalapril), ARBs (losartan), calcium 

channel blockers (amlodipine) and alpha-blockers 

(prazosin) [7-10]. While effective when taken 

consistently, oral formulations suffer from poor 

patient adherence, fluctuating plasma concentrations 

with peaks (side effects) and troughs (therapeutic 

failure), gastrointestinal absorption variability and 

rebound hypertension upon missed doses particularly 

with clonidine [11-20]. These limitations 

underscore the need for alternative delivery 

strategies capable of providing sustained, predictable 

antihypertensive concentrations with minimal patient 

intervention. 

1.3 Osmotic Drug Delivery Systems (ODDS) 

The ODDS operates on the principle of osmosis water 

movement across a semipermeable membrane from 

lower to higher solute concentration. Body fluid 

permeates the membrane, hydrostatic pressure builds 

within the device, and the dissolved drug is driven out 

through a precision-drilled orifice at a controlled, 

constant rate. Osmotic pressure is described by van't 

Hoff's law: π = RTC/M, where R is the ideal gas 
constant, T is absolute temperature, C is the molar 

concentration of solute, and M is the molar mass. 

Principal advantages include: rate-controlled release 

independent of pH, enzymes or gastrointestinal 

motility; precise engineering of release duration; 

suitability for both oral and implantable 

configurations and high reproducibility. Commercial 

precedents include the OROS® platform and Alzet® 

osmotic pump [21,22]. 

1.4 Classification of Osmotic Drug Delivery 

Systems 

Osmotic drug delivery systems are classified into 

implantable and oral categories, each with several 

designs as illustrated below. 

 

Figure 1: Rose Nelson Pump 
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Figure 2: Higuchi Leeper Pump 

 

Figure 3: Elementary Osmotic Pump 

 

Figure 4: Push-Pull Osmotic Pump 
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Figure 5: Osmotic Pump with Non-Expanding Second Chamber 

 

Figure 6: Controlled Porosity Osmotic Pump 

 

Figure 7: Monolithic Osmotic System 
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2. RATIONALE AND OBJECTIVE 

Despite advances in antihypertensive pharmacology, 

poor medication adherence remains a foremost 

obstacle to effective hypertension control 40–60% of 

hypertensive patients fail to achieve target blood 

pressure goals, largely due to non-compliance with 

daily oral regimens [23]. Clonidine, a centrally acting 

α2-adrenergic agonist, is a potent antihypertensive 

agent; however, its short therapeutic window and 

well-documented risk of rebound hypertension upon 

abrupt cessation render consistent oral adherence 

particularly critical and simultaneously difficult 

[24,25]. An implantable osmotic pump delivering 

clonidine at a continuous, zero-order rate would 

eliminate daily self-administration, ensure stable 

steady-state plasma concentrations, and prevent the 

rebound phenomenon [ 26,27]. The present work 

describes the development and evaluation of 

Clonipump a subcutaneously implantable osmotic 

drug delivery device for long-term hypertension 

management [28-40] 

Specific Objectives: 

• To formulate and optimize an osmotic core 

tablet containing clonidine 

• To apply and characterize a semipermeable 

cellulose acetate membrane coating 

• To assemble the coated tablet within a 

biocompatible titanium alloy housing 

• To evaluate pre- and post-coating 

physicochemical parameters 

• To assess in vitro drug release kinetics 

3. DRUG PROFILE: CLONIDINE 

HYDROCHLORIDE 

Parameters Details 

Generic Name Clonidine Hydrochloride 

Brand Names Catapres, Kapvay, Duraclon 

Chemical Name 2-(2,6-Dichlorophenylamino) imidazoline HCl 

Molecular Formula C9H9Cl2N3 · HCl 

Molecular Weight 266.55 g/mol 

Drug Class Centrally acting α2-adrenergic receptor agonist 

Oral Bioavailability 75–95% 

Half-life 12–16 hours 

Protein Binding ~20–40% 

Metabolism Partial hepatic; ~50% excreted unchanged in urine 

Mechanism of Action Stimulates α2 receptors in medullary vasomotor center; 
reduces sympathetic outflow 

Dose Forms Oral tablets (0.1, 0.2, 0.3 mg); Transdermal patch; 

IV injection 

Therapeutic Uses Hypertension, ADHD, opioid withdrawal, migraine 

prevention, chronic pain 

Common Side Effects Dry mouth, drowsiness, constipation, bradycardia, 

rebound HTN on withdrawal 

Table 2: Pharmacological Profile of Clonidine Hydrochloride 

Clonidine acts as a full agonist at presynaptic α2-

adrenoreceptors in the rostral ventrolateral medulla, 

reducing sympathetic nervous system activity. This 

results in decreased cardiac output, reduced peripheral 
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vascular resistance, and a consequent fall in both 

systolic and diastolic blood pressure. The propensity 

for rebound hypertension upon withdrawal provides 

the primary pharmacological rationale for an 

uninterrupted osmotic delivery system. [41-50] 

4. MATERIALS AND METHODS 

4.1 Materials 

Clonidine hydrochloride was used as the active 

antihypertensive drug. Mannitol served as the osmotic 

agent, while polyethylene oxide (PEO) was 

incorporated as the swelling polymer. 

Microcrystalline cellulose (MCC) and 

polyvinylpyrrolidone (PVP K30) were used as the 

filler and binder, respectively. Talc and magnesium 

stearate functioned as lubricants during tablet 

compression. Cellulose acetate was employed as the 

semipermeable membrane polymer, and polyethylene 

glycol 400 (PEG 400) was used as the plasticizer. 

Analytical-grade methanol and acetone were used as 

coating solvents. Medical-grade titanium alloy (Ti-

6Al-4V) was utilized for the fabrication of the implant 

housing due to its excellent biocompatibility and 

mechanical strength. 

4.2 Clonipump Device Design 

The Clonipump device consists of a core osmotic 

tablet encased within a medical-grade titanium alloy 

(Ti-6Al-4V) cylindrical housing. The core contains 

the drug and osmotic excipients, surrounded by a 

semipermeable cellulose acetate membrane. A single 

laser-drilled orifice on the housing surface provides 

the only exit pathway for the osmotically driven drug 

solution. Figure 8 illustrates the internal architecture 

of the device. 

 

Figure 8: Clonipump Device Design 

4.3 Manufacturing Methodology 

The CLONIPUMP implantable osmotic drug delivery 

system was manufactured using a sequential process 

involving core tablet preparation, compression, 

semipermeable membrane coating, laser orifice 

drilling, implant assembly, and sterilization. 

Clonidine hydrochloride, mannitol, polyethylene 

oxide (PEO), and microcrystalline cellulose (MCC) 

were accurately weighed and blended uniformly. 

Polyvinylpyrrolidone (PVP K30) dissolved in 

isopropyl alcohol was used as the granulating binder, 

and the wet mass was passed through a #16 sieve, 

dried at 40 ± 2°C, and re-sieved through a #20 sieve 

to obtain uniform granules. The dried granules were 

lubricated with talc and magnesium stearate and 

compressed into core tablets using a rotary tablet 

compression machine with a target weight of 200 mg. 

The compressed tablets were coated with a 

semipermeable membrane prepared from 5% (w/v) 

cellulose acetate plasticized with PEG 400 in an 

acetone:methanol (4:1) solvent system using a spray-

coating technique to achieve a 5–8% weight gain. A 

single precision drug-release orifice (0.3–0.5 mm) 

was then created on the coated tablets using laser 
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micro-drilling to facilitate controlled osmotic drug 

release. Subsequently, the coated osmotic tablets were 

enclosed within a medical-grade Ti-6Al-4V titanium 

alloy cylindrical housing and securely sealed to 

ensure structural integrity and biocompatibility. 

Finally, the assembled CLONIPUMP devices were 

sterilized by gamma irradiation (25 kGy) prior to 

evaluation and implantation. [51] 

5. RESULTS AND DISCUSSION 

5.1 Physical Appearance 

Visual inspection of compressed core tablets: Shape 

— Round; Color — White; Surface Texture — 

Smooth; Odor — Slight characteristic odor. All 

tablets were free from capping, lamination, or surface 

defects. 

5.2 Pre-Coating Evaluation 

Parameter Method Result 
Acceptance 

Criteria 
Observation 

Weight 

Variation 

IP 

Pharmacopoeia 

200 mg 

(avg) 
± 5% of mean Within limits 

Hardness Monsanto Tester 
5.3 

kg/cm² 
≥ 4 kg/cm² Good strength 

Friability Roche Friabilator 0.76% ≤ 1.0% Pass 

Thickness Vernier Calipers 3.18 mm Uniform Uniform 

Table 3: Results of Pre-Coating Physicochemical Evaluation 

All pre-coating evaluation parameters were within 

pharmacopeial acceptance criteria. Hardness of 5.3 

kg/cm² confirms sufficient mechanical strength to 

withstand coating operations. Friability of 0.76% 

(well below the 1.0% limit) indicates a well-

consolidated matrix resistant to mechanical attrition. 

Uniform thickness of 3.18 mm ensures consistent 

membrane coating deposition in subsequent steps. 

5.3 Post-Coating Evaluation and Drug Release 

Study 

In vitro drug release studies were carried out using 

USP Type II dissolution apparatus (phosphate buffer 

pH 7.4, 100 rpm, 37°C ± 0.5°C). The osmotic system 

demonstrated controlled, sustained drug release 

governed by the rate of water ingress through the 

semipermeable membrane and the osmotic pressure 

differential. 

5.4 Assembled Clonipump Device 

The compact cylindrical titanium housing and houses 

the osmotic tablet core is designed for subcutaneous 

implantation with minimal tissue trauma. Figure 9A 

shows the device with the laser-drilled delivery orifice 

clearly visible; Figure 9B shows the sealed side 

profile. 

 

 

Figure 9A & 9B: Assembled Clonipump Device 

— Titanium alloy implantable osmotic pump with 

visible delivery orifice (left) and sealed profile 

(right) 
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6. FUTURE SCOPE 

The future development of the CLONIPUMP 

implantable osmotic drug delivery system may focus 

on integrating advanced technologies to improve 

therapeutic precision, patient safety, and long-term 

performance. Incorporation of real-time 

microelectromechanical system (MEMS)-based 

blood pressure biosensors could enable a closed-loop 

smart implant capable of dynamically adjusting 

clonidine release in response to physiological 

changes. Nanotechnology-assisted drug loading 

strategies may enhance drug payload capacity and 

prolong device longevity while maintaining 

controlled release kinetics. The development of multi-

drug osmotic cartridges could facilitate the 

simultaneous delivery of combination 

antihypertensive therapies, improving treatment 

outcomes and patient adherence. Additionally, 

artificial intelligence (AI)-driven pharmacokinetic 

and pharmacodynamic modeling may support 

personalized implant design and optimize dose 

prediction based on individual patient characteristics. 

The use of next-generation biocompatible membrane 

materials, such as polyurethane and 

polydimethylsiloxane (PDMS), may further enhance 

membrane permeability, mechanical stability, and 

long-term biocompatibility. Finally, comprehensive 

preclinical investigations followed by Phase I and 

Phase II clinical trials will be essential to establish the 

safety, efficacy and clinical applicability of the 

CLONIPUMP system for long-term hypertension 

management. 

CONCLUSION 

The present study describes the successful 

development and preliminary evaluation of 

Clonipump an implantable osmotic drug delivery 

device for sustained release of clonidine in the 

management of hypertension. The osmotic 

mechanism ensures controlled, continuous drug 

release independent of gastrointestinal and 

physiological variables, directly addressing the 

principal limitations of conventional oral 

antihypertensive formulations. Pre-coating evaluation 

confirmed satisfactory tablet physicochemical 

properties meeting pharmacopoeial standards. The 

biocompatible titanium alloy housing and cellulose 

acetate semipermeable membrane provide a clinically 

suitable platform for subcutaneous implantation. 

Clonipump offers clinically meaningful advantages 

including elimination of daily dosing requirements, 

prevention of rebound hypertension, stable plasma 

drug concentrations, and improved quality of life 

particularly for elderly patients and those with 

complex polypharmacy regimens. Upon completion 

of in vitro drug release, stability, and in vivo 

pharmacokinetic studies, this system holds 

considerable potential as a viable long-term 

therapeutic option for patients with primary or 

resistant hypertension. 
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