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Abstract: 

Alprazolam is a benzodiazepine anxiolytic commonly prescribed as a 

sleeping aid and for the treatment of anxiety disorders. The current study 

was undertaken with the aim of analyzing quality of commercially available 

brands of alprazolam tablets available in market. To assess the quality, 

locally available 0.25 mg alprazolam tablet of seven different manufacturers 

were selected and certain physico-chemical parameters like weight 

variation, hardness, friability, disintegration time and dissolution profile etc. 

were evaluated using in-vitroanalytical methods. All the tablet brands met 

the requirements of IP as they showed acceptable weight variation and 

friability. Brands were slightly different in hardness, disintegration time and 

dissolution profile from each other. The hardness of all the brands was 

found to bein the range of 1.50±0.18 to 4.21±0.11 kg-ft. In water medium 

the disintegration time of all brands were found to be 0.57±0.45 to 

2.22±0.23 min. Five out of seven brands showed better dissolution profile as 

they released more than 90% drug in 30 min. The study revealed that most 

of the marketed alprazolam tablets met the BP standards for physico-

chemical properties which are the indicators of drug quality. It can be 

concluded that drug products should always comply standard quality 

parameters that are the prerequisites for getting satisfactory clinical effects. 
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INTRODUCTION 

Alprazolam is a triazolobenzadiazepine that is a benzadiazepine with a triazolo ring attached 

to its structure. The chemical name of alprazolam is 8-chloro-1-methyl-6-phenyl-4H-s-

triazolo [4,3][1,4] benzodiazepine. Alprazolam is a white crystalline which is soluble in 

methanol or ethanol but having no appreciable solubility in water at physiological pH. It is a 

short-acting in the benzodiazepine class used to treat anxiety disorders and as an adjunctive 

treatment for depression. Anxiety or tension associated with the normal stress of everyday 

life usually does not require treatment with medicines. Alprazolam was invented by Pfizer 

and marketed under the Xanax1. Alprazolam is a benzodiazepine which affects chemicals in 

the brain that may become unbalanced and cause anxiety and is most commonly used to 

relieve anxiety, nervousness and tension associated with anxiety disorders. It is also used to 

treat panic disorders. Clinically all benzodiazepines cause a dose related central nervous 

system depressant activity varying from mild impairment of task performance to hypnosis. 

 PHARMACODYNAMICS OF ALPRAZOLAM 

CNS agents of the 1,4 benzodiazepine class presumably exert their effects by binding at 

stereo-specific receptors at several sites within the central nervous system. Their exact 

mechanism of action is unknown. Clinically, all benzodiazepines cause a dose-related central 

nervous system depressant activity varying from mild impairment of task performance to 

hypnosis. 

 PHARMACOKINETICS OF ALPRAZOLAM 

 ABSORPTION: oral administration, alprazolam is readily absorbed. The peak 

plasma concentration is reached about 1.5 to 2 hours after administration of alprazolam orally 

tablets given with water. When taken with water. Plasma levels are proportional to the dose 

given over the dose range of 0.5 to 3.0 mg, peak levels of 8.0 to 37 mg/ml are observed. The 

elimination half-life of alprazolam is approximately 12.5 hours (range 7.9 -19.2 hours) after 

administration of alprazolam tablets in healthy adults. 

Food decreased the mean Cmax by about 25% and increased the mean Tmax by 2 hours from 

2.2 hours to 4.4 hours after the ingestion of a high-fat meal. Food did not affect the extent of 

absorption (AUC) or the elimination half-life. 

 DISTRIBUTION: In vitro alprazolam is bound (80 percent) to human serum protein. 

Serum albumin accounts for the majority of the binding. 
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 METABOLISM: Alprazolam is extensively metabolized in humans, primarily by 

cytochrome P450 3A4 (CYP3A4) to two major metabolites in the plasma: 4-

hydroxyalprazolam and α-hydroxy alprazolam. The plasma concentrations of 4-

hydroxyalprazolam and α-hydroxyalprazolam relative to unchanged alprazolam concentration 

were always less than 4%. The reported relative potencies in benzodiazepine receptor binding 

experiments and in animal models of induced seizure inhibition are 0.20 and 0.66, 

respectively, for 4-hydroxyalprazolam and α-hydroxy alprazolam. Such low concentrations 

and the lesser potencies of 4-hydroxy alprazolam and α-hydroxyalprazolam. 

 ELIMINATION: Alprazolam and its metabolites are excreted primarily in the urine. 

 DISSOLUTION TESTING 

The definition of dissolution is deceptively simple. It is the process in which a solid substance 

goes into solution. For dosage forms containing an active solid ingredient, the rate of 

dissolution may be critical to absorption. Obviously, in most instances, dissolution of the 

active solid material is affected by a variety of factors such as the media in which the drug is 

dissolving, the temperature of the media, and the affinity for the solid particles to dissolve in 

the media. There are numerous other factors, such as excipients, coatings, and pH, which 

have an effect on the rate of dissolution. While the most rapid absorption is from a solution, 

most dosage forms are solids, either tablets or capsules. One must also consider dissolution 

from suspensions and suppositories. Several chapters in this text cover various dosage forms 

as the theme for the discussion on dissolution. The theory is the same regardless of the 

dosage form design, but obviously, the rate of dissolution and the limitations are different for 

each individual dosage form. Any process of drug release and subsequent absorption into the 

blood stream must consider dissolution of the solid. Wetting of the material, be it hydrophilic 

or hydrophobic, is the first critical step and precedes deaggregation. This process may also be 

considered disintegration. The drug then dissolves into the dissolution media, be it in vitro or 

in vivo. As a rule, suspensions dissolve faster than capsules since some deaggregation has 

already occurred. Tablets usually have the slowest dissolution rate, either by design to allow a 

sustained, controlled release or by the nature of the wetting process. The earliest obvious 

reference to dissolution (1897) was by Noyes and Whitney, where they stated that the 

dissolution rate is governed by the rate of diffusion of a saturated thin layer forming instantly 

around the dissolving material. The work of Noyes and Whitney concentrated on physico-

chemical aspects and not bioavailability. In 1951, Edwards showed that aspirin tablets would 

have poor analgesic activity due to poor dissolution. Theoretical models of dissolution 
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continued to be developed in the early 1900s by Brunner, when he adapted Fick’s Law of 

diffusion. In the 1930s the cube root law, which describes a linear relationship between 

dissolution rate and cube root of time, came into favor. By the 1950s, dissolution was further 

studied and began to be recognized as a factor in bioequivalence, although it was not until the 

1960s DISSOLUTION that dissolution and absorption rates would be correlated. Beginning 

in the 1960s a multitude of research papers reported a correlation between dissolution and 

bioavailability. During this time, many researchers believed and hoped that dissolution would 

directly relate to, and predict, bioavailability. However, even forty years later, we realize that 

although we can often correlate in vivo–in vitro activity with dissolution, it does not predict 

biologic or therapeutic activity. There are a myriad of factors that have an effect on 

dissolution such as agitation rate, vessel shape, wobble of the equipment, temperature, and 

others. The most one can expect is an equivalence test on different products, assuming all 

variables are held equal or, as in most cases, the slight variations in the tests cancel one 

another. Today dissolution is readily identified as a quality control issue and used to prove 

batch-to-batch relationships and equivalence. For many drugs, similar dissolution profiles are 

generally accepted as producing bio-equivalent lots. It is generally accepted that the last 30 

years have seen the science of dissolution become mature, and it is recognized that there are 

limits to what dissolution testing can scientifically prove. It is universally accepted as a 

quality control tool. We now understand the factors that have an effect on and control the rate 

of dissolution. Solubility, particle size, and crystalline states are all intrinsic factors that have 

an effect on the rate of dissolution. Diluents, excipients, binders, granulating agents, and 

lubricants all play a role in dissolution as well. Obviously, the dosage form itself is critical. 

All of these factors will be addressed in this text. Rapid dissolution is not always the goal in 

formulation. If one desires a controlled- or sustained-release dosage form, the factors that 

affect the dissolution rate may be manipulated to obtain the desired effect. The 

pharmaceutical formulator can use methods of controlling dissolution to readily obtain a 

desired release profile. While the remainder of the book is divided into chapters by dosage 

form, many factors remain the same regardless of the dosage form while some are specific to 

the individual dosage form and dosage form design. 

 DISSOLUTION APPARATUS OVERVIEW 

Over the past forty years, two basic techniques have evolved for in vitro dissolutiontesting, 

the stirred beaker method and the flow-through procedure.The stirred beaker system places 

the test specimen and a fixed volume of fluidin a vessel, and stirring provides mechanical 
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(hydrodynamic) agitation. This systemwas adopted as the official dissolution method in USP 

XVIII in 1970 and describedas the rotating basket method, USP Apparatus 1.The rotating 

paddle method was adopted as an official dissolution method bythe USP several years later 

and became USP Apparatus 2. The origin of officialequipment developed from a number of 

baskets and stirring devices is shown. Some of the needs for the flow-through type apparatus 

included a change of pHor any other change in the dissolution medium. Difficulties had also 

arisen for anumber of sparingly soluble drugs, which were difficult to investigate with a 

limitedvolume of media. The flow-through system was first adopted by the 

DeutscherArzneimittelcodex (German Pharmaceutical Codex, DAC) in 1981.Two flow-

through apparatus were eventually added to the USP in 1990 to overcomesome of the 

experimental difficulties from the use of the single vessel methodology.They became known 

as USP Apparatus 3, Reciprocating Cylinder, andUSP Apparatus 4, Flow-Through Cell.The 

most common dissolution apparatus used throughout the world are the basketand the paddle. 

These methods are simple and robust and are generally flexibleenough to allow dissolution 

testing for a wide variety of drug products. For thisreason, Apparatus 1 and 2 should be used 

for dissolution method developmentunless shown to be unsatisfactory. Other in vitro 

dissolution apparatus such as thereciprocating cylinder and the flow-through cell system 

described in the USP maybe considered, if needed.More drug release equipment, USP 

Apparatus 5 and 6, deal with transdermalsystems. USP Apparatus 7 (Alza-type) was 

developed for the analysis of transdermal systems as well as a variety of drug release systems 

such as osmotic pumpsand implants. Because of the diversity of delivery systems and the 

evolving natureof understanding in the area of drug release, different experimental 

modificationsmay be needed to obtain a suitable in vivo correlation with in vitro release 

data.Alternatives or modifications to established methodology should be considered onthe 

basis of proven superiority for a particular product. If the release of the activedrug substance 

from an individual drug product cannot be accommodated by oneof the major compendia 

apparatus, appropriate modifications have to be developed.However, unnecessary 

proliferation of alternative dissolution apparatus should notbe encouraged due to the 

reproducibility problems that plagued early dissolutionequipment; this will also hinder 

regulatory acceptance. 
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Figure. Different designs of dissolution vessels and stirrers that have been utilized in major 

nonofficial methods. 

A. USP APPARATUS 1 AND 2—ROTATING BASKET AND PADDLE 

USP Apparatus 1 is called the rotating basket apparatus and USP Apparatus 2 is called the 

rotating paddle apparatus. 

 ROTATING BASKET 

A general description of the rotating basket apparatus consists of shaft and basket component 

fabricated from 316 stainless steel. Unless otherwise specified in a test method or official 

monograph, a 40-mesh basket is used. The basket shaft assembly containing the product is 

lowered into a 1000-mL vessel and rotated at a specific speed within media, which is 

maintained at a specific temperature. The rotating basket method is routinely used for capsule 

formulations at an agitation speed of 50–100 rpm. Rates outside a range of 50–150 rpm are 

generally unacceptable because of irreproducibility associated with the hydrodynamics below 

50 rpm and turbulence above 150 rpm. High turbulence in the vessel leads to a loss of 

discriminatory power associated with the dissolution method. The vessel used for Apparatus 
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1 and 2 is typically a 1000-mL hemi spherical shaped vessel made of glass or suitably inert 

material. Vessel volume should be between 500 and 1000 mL with 900 mL used historically. 

One-liter vessels are tubing-based with dimensions of 98–106 mm i.d. and 160–210 mm in 

height. Larger vessels have been developed over the years to allow more volume for poorly 

soluble compounds. The USP 2-L vessel has dimensions of 98–106 mm i.d. and 280–300 mm 

in height. The USP 4-L vessel has dimensions of 145–155 mm i.d. and 280–300 mm in 

height. The official basket used for Apparatus 1 is a 40-mesh design, meaning there are 40 

openings per linear inch. Openings are equal in both directions producing a standard square 

weave. USP specifies that 40-mesh (40 40) screen be manufactured with wire having a 0.010 

diameter. Dissolution baskets are fragile and require proper handling and care. Attachment to 

or removal from the basket shaft requires holding the upper rim. When not in use, baskets 

should be stored in protective cases. Baskets should be carefully inspected for damage or 

excessive wear since defective or misshaped baskets will affect test results. The standard 40-

mesh basket with a 0.01 wire size results in a 0.381-mm square aperture. For comparison, the 

Japanese Pharmacopeia specifies 0.011 wire diameter resulting in 0.425-mm square hole 

resulting in a 36-mesh basket. The baskets are not interchangeable and could result in a 24% 

difference in USP, EP, and JP baskets when testing the USP disintegrating calibrator, 

Prednisone. Current Physical Parameters and Tolerances: Wobble 1 mm basket lower rim 

Dimensions per USP Height 25 2 mm Centering 2 mm center line Speed 4% of set speed 

Vessel Temp. 37 0.5 C Time points 2% of specified time In addition to the current physical 

parameters, some pharmaceutical laboratories have adopted more stringent parameters 

gleaned from a Parma Subcommittee on Dissolution Calibration proposal to the USP (3) to 

maintain a higher degree of control over the rotating basket apparatus: Optional Parameters 

and Tolerances: Shaft wobble 0.5 mm total run out Basket wobble 1.0 mm total run out 

Basket exam No defects at time of use Shaft verticality Vertical using bubble level Speed 2% 

set speed Vibration 0.2-mil displacement Typical products tested with the rotating basket are 

capsules, tablets, floaters, modified-release products, beads, and suppositories. Suppository 

testing may be performed with a slotted Palmieri basket with or without glass beads. Several 

allowable variations of the standard 40-mesh basket exist including a basket with a gold 

coating 2.5- m thick (0.0001-inch). Larger vessels accommodating up to two and four liters 

are now allowable variations in the USP. Such vessels are advantageous for poorly soluble 

drugs. Some non-official variations of the rotating basket include Teflon baskets, o-ring 

baskets, 10-mesh through 2300-mesh (5-micron), three-fin, mini, and bolus baskets for 

veterinary products. Examples of these baskets are shown in Figure 4. Occasionally a small 
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volume apparatus may be required for low-dose, high potency products. Such a variation 

consists of a mini-basket apparatus based on USP Apparatus 1 with 100- or 200-mL vessels. 

Small volume apparatus has a typical operational minimum volume of 30-mL. Shown in 

Figure 5 are a mini basket and an official rotating basket. 

 

Figure. Examples of non-official variations of the rotating basket. 
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Figure. Mini basket and official rotating basket. 

B. GENERAL APPARATUS 2 DESCRIPTION ROTATING PADDLE 

USP Apparatus 2, the rotating paddle method, followed the development of the rotating 

basket method with better stirring characteristics. The paddle blade is fixed to the bottom of 

the shaft and rotates at a height of 25 mm from the inner bottom of the vessel. The paddle 

consists of a metallic or suitably inert, rigid blade and shaft composing a single entity. The 

paddle blade and shaft may be coated with a suitable inert material. 

The paddle is lowered into a 1000-mL vessel and rotated at a specific speed within media, 

which is maintained at a specific temperature. The rotating paddle method is routinely used at 

an agitation speed of 25 to 75 rpm. Rates outside a range of 25 to 75 rpm are generally 

unacceptable because of irreproducibility of the hydrodynamic effects below 25 rpm and 

turbulence above 100 rpm. High turbulence in the vessel leads to a loss of discriminatory 

power associated with the method. Agitation rates around 25 rpm but less that 50 rpm are 

acceptable for suspensions. For solid dosage forms with excessive coning, rotational speeds 

around 75 rpm may be necessary to improve the data. As with any variance from normal 

operating parameters, atypical conditions must be supported with data from normally 

accepted conditions for justification of USP Apparatus 2. When dissolution profiles exhibit 

inappropriately dissolving drug substance during method development, adjustments outside 

the normal rotational speed may be warranted. Any time a method references USP General, 

the dosage unit must be allowed to settle to the bottom of the vessel before rotation of the 

paddle begins. To aid the dosage unit settling to the bottom of the vessel, a small, loose piece 

of stainless steel wire consisting of a few turns may be attached to a dosage unit that would 

otherwise float. 

 

Figure. Examples of Apparatus 2 paddles. 
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Since the construction of the sinker has such an impact on the hydrodynamics in the bottom 

of the vessel, individuals have sought to standardize the USP design. A unique 

standardization utilizing cork borers was presented in the PharmacopeialForum as a stimuli 

article. The guidance suggested a method to construct sinkers by hand with the use of a cork 

borer which would minimize the variability resulting from different interpretations of the 

construction of a USP sinker. In addition to sinking floating dosage forms, sinkers may assist 

in keeping a dosage form from sticking to the vessel inappropriately as in the case with some 

film-coated tablets. Sinkers must be adequately described in laboratory standard operating 

procedures to eliminate hydrodynamic variation associated with different sinker devices. 

Sinkers of other descriptions may be used if properly validated. Many different sinkers have 

evolved, some of which are based on the wire helix design. 

Current Physical Parameters and Tolerances: 

Wobble   Not specified in USP 

Dimensions   per USP 

Height   25 ± 2 mm 

Centering   ±2 mm center line 

Speed     ± 4% of set speed 

Vessel Temp.    37 ± 0.5 C 

Time points    ± 2% of specified time 
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Figure. USP Apparatus 2 paddle specifications. 
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As mentioned in the previous section on physical parameters for basket, some laboratories 

have adopted more stringent parameters for the paddle apparatus to maintain a higher degree 

of control. 

OPTIONAL PARAMETERS AND TOLERANCES: 

Shaft wobble  ≥ 0.5 mm total runout 

Paddle exam   No defects at time of use 

Shaft verticality  Vertical using bubble level 

Speed    ±2 RPM of set speed 

Vibration  ≤ 0.2-mil displacement 

Typical products tested by the paddle method are tablets, capsules (with sinkers), hydrogel 

tablets, suspensions, powders, microparticles, and transdermals (paddleover- disk method). 

 CALIBRATION OF USP APPARATUS 1 AND 2 

In the early 1970s, scientists began to evaluate significant apparatus-to-apparatus differences 

in dissolution results. Monograph specifications could not be enforced due to variability in 

results from lab to lab and apparatus to apparatus. In 1978, the USP established and issued 

the first official dissolution calibrator tablets and reference standards. The primary purpose 

was to control vibration since most other parameters could be controlled by mechanical 

measurements. Since that time, dissolution apparatus used under current Good Manufacturing 

Practices (cGMPs) should be challenged with an apparatus suitability test as outlined in the 

USP Dissolution. At the time of this printing, the suitability test must be conducted with USP 

dissolution calibrators of the disintegrating and non-disintegrating type, Prednisone and 

Salicylic Acid tablets, respectively. The word calibration is somewhat of a misnomer since 

the ‘‘calibrator’’ tablets do not actually calibrate anything, as a weight would be used to 

calibrate an analytical balance. At this time there is no predefined period of calibration; 

however, our current Good Manufacturing Practices as outlined in 21 CFR Parts 210 and 211 

require calibration of analytical equipment according to prescribed schedules. These 

prescribed schedules are generally established by various organizations to limit the liability 

originating from test results obtained on apparatus that may fall out of calibration as a result 

of age, environmental factors, or relocation. In the event of obtaining an outside-of-target 

dissolution result or a suspect result during calibration or routine analysis, a detailed review 
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of the equipment, method, materials, and analyst documentation should take place. The 

investigation should be thoroughly documented and include all observations and explanations 

for the aberrant result by showing a cause-and-effect relationship, corrective action, and 

eventually the retest. One change at a time should be made prior to retesting to isolate the 

cause of the aberrant result. Recheck all physical parameters after any adjustments are made 

and perform retesting on a set of six tablets. 

A laboratory review checklist consisting of the following areas should be implemented to 

perform a thorough evaluation: check calculations, reread samples that were non-conforming, 

examine spectrophotometer and any automatic sampling equipment, review sampling 

technique, review standard preparation, review media preparation. Documentation of the 

investigation should include a description of the failure with a full data summary, the 

laboratory review checklist, description of the findings, corrective actions, additional physical 

adjustment of the apparatus, specific reasons for the run to be invalidated such as a crack in 

the vessel, and the retest(s). 

 ABERRANT DISSOLUTION DATA INVESTIGATION 

The most common sources of error in dissolution testing for the rotating basket and paddle 

methods are deaeration, paddles and baskets conformance, condition of vessels, vibration and 

environmental issues, sampling technique, and filtering issues. 

 DEAERATION 

While numerous deaeration techniques have been utilized, some are better than others. The 

USP recommends heating media to approximately 41 C followed by vacuum filtration 

through a 0.45- m filter under vigorous stirring. After filtration, continue to draw the vacuum 

for five additional minutes. In theory, the best way to remove dissolved gases is through 

boiling, but this is a waste of energy and time resources. However, heating media to 41 C and 

applying a vacuum can achieve boiling at a lower temperature. The filter is simply used to 

provide a pressure gradient. Once the media passes through the filter, air is immediately and 

efficiently stripped out. Media is then measured and gently poured into the dissolution vessel 

and allowed to equilibrate to 37 C in the vessel. Alternate deaeration techniques have been 

used such as helium sparging or vacuum ultra-sonication. Critical parameters for helium-

sparing methods include gas flow rate, type of diffuser, and time per volume. The efficiency 

of alternate deaeration techniques must be demonstrated and documented through validation. 
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Historically, media has been measured and gently added to the vessel with the aid of a 

cylinder or other calibrated ‘‘to deliver’’ device. Media should be delivered with an accuracy 

of 1%, which currently rules out most ‘‘class A’’ graduated cylinders because they are 

calibrated in 10-mL increments and are not capable of measuring the 9-mL tolerance for the 

typical 900-mL media volume. Alternately, media could be measured in a ‘‘to deliver’’ class 

A volumetric flask if it has been calibrated at the intended measuring temperature. An 

alternate media-measuring technique employed by many automated systems is gravimetric 

measurement. 

Dissolution media at a controlled elevated temperature may also be weighed by correcting for 

pre-determined density. This is how many automated delivery systems measure and transfer 

media to the vessel. 

 VIBRATION 

For dissolution equipment to operate correctly, the area must be maintained free from 

excessive vibration from sources such as centrifuges, vacuum pumps, fume hoods, shakers, 

ultrasonic cleaners, and unstable bench top and construction. All such sources of external 

vibration must be eliminated. Internal sources of vibration may be caused by tension or dirt 

on drive belt, worn parts and bearings, and turbulence in the water bath. Make sure the 

deflector shield is in place in the water bath. 

Preferably use a vibration meter during calibration periods to obtain a baseline measurement. 

If suspect or aberrant dissolution results are obtained on the apparatus, current vibration 

measurements may be compared to the level obtained during calibration to see if this could 

have contributed to the suspect data. Vibration measurements should be part of the routine 

physical calibration of the apparatus to detect vibration from unwanted sources prior to 

obtaining data. 

 SAMPLING AND FILTERING 

The filter is essential to stop the dissolution test by removing undissolved drug product as 

well as particulate matter and turbidity from the sample. Filters must be tested for drug 

adsorptivity to show that they do not bind drug substance. Filters should also be evaluated for 

efficiency to demonstrate that drug substance did not pass through the filter and continue to 

dissolve. Separate, clean, dry filters and glassware must be used when sampling each vessel. 

Generally, the first several milliliters should be discarded prior to sample collection for 

analysis but the specific amount discarded must be determined through validation. Sample 
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aliquots must be filtered immediately after the sample is drawn, otherwise the dissolution 

process continues. 

C. BASKETS AND PADDLES 

Basket and paddle stirring elements must be checked for USP conformance. Routine physical 

observations of baskets and shafts should be conducted to ensure integrity of the stirring 

element. Physical observation of basket and shafts should include that they are straight and 

roll evenly on a flat surface. Any Teflon coating must not be chipped or peeling, which adds 

to the turbulence in the vessel. Check surfaces for corrosion or discoloration due to prolonged 

exposure to hydrochloric acid. Stainless steel, while resistant to rust and corrosion, will be 

attacked by chloride ions, which will cause pitting in the surfaces and a reduction in the wire 

diameter used in the baskets. A basket will maintain specifications of 40-mesh unless it is 

misshapen, but the basket micron rating will change over its lifetime due to corrosion. A non-

lustrous pewter appearance is an indication that the basket integrity is failing. Particles may 

fall out of the basket too early causing lower results if the wire diameter is significantly 

reduced due to corrosion. Gold coating up to 2.5- m thick is an allowable variation for 

baskets to inhibit corrosion associated with a stainless steel basket. The basket surface must 

be smooth, not wrinkled or misshapen, and must not have a frayed appearance; the basket 

should be replaced, if necessary. 

USP basket clips must be tight since loose clips impart excessive wobble. Non- 

USP baskets such as o-ring attachments without clips must be validated to show that there is 

no change in test results. USP Prednisone calibrator tablets run in o-ring baskets have 

exhibited up to a 10% suppressed result over the USP clip type basket. 

Regarding air bubbles, several observations should be made when starting a dissolution run. 

Bubbles occasionally form underneath the disk and sometimes hold a tablet in the upper 

portion of the basket and do not allow one side of the dosage unit to contact the media for 

several minutes. If this is not noticed, a non-disintegrating dosage form similar to the salicylic 

acid calibrator tablet will produce results on the low side of the expected range. Bubbles that 

form under a basket will alter the performance of the basket and cause failures since 

dissolution media will not circulate through the basket properly. Bubbles forming in the mesh 

will also change the characteristics of the basket by blocking the openings and virtually 

changing the mesh of the basket. The latter condition is usually a result of poor media 

deaeration. 
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 VESSELS 

Dissolution vessels should be serialized or numbered and maintained in their original 

positions. This reduces the opportunity for a defective vessel to be moved from one apparatus 

to another, causing random failures. The inner surface of vessels should be routinely checked 

for irregularities, scratches, cracks, pits, and unevenness or surface aberrations. Vessels 

should be acquired from a reputable manufacturer since the inner surface must have a defect-

free hemispheric bottom. Vessels manufactured with poor quality control will exhibit 

shallow, protruding, or asymmetrical bottoms, which will greatly affect the dissolution results 

due to increased turbulence. 

Vessels need to be checked for cleanliness. Scum, film, or sticky residues build up over time 

and can greatly affect dissolution rates. Vessels must be scrupulously clean. Tablets are to be 

dropped into non-rotating medium and allowed to settle to the bottom of the vessel prior to 

starting the rotation of paddles. Observe the dosage unit after introduction and record unusual 

observations such as sticking, floating, bubbles, and irregular shape of the cone. 

 

 

 

Figure. Cone formation (12a) and Peak vessel configuration (12b). 

 

 NON-COMPENDIAL VARIATIONS 
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Several unofficial modifications have developed to provide advantages over traditional 

dissolution apparatus. These have been occasionally implemented to improve the 

hydrodynamics of the dissolution test but only when the modification has proven to be 

superior to traditional dissolution apparatus. 

 PEAK VESSEL 

The peak vessel reduces the inherent inconsistencies in the hydrodynamics of standard 

hemispherical dissolution vessels. An inverted peak is incorporated into the bottom of the 

vessel, displacing the unstirred zone, preventing cone formation. 

 SMALL-VOLUME DISSOLUTION 

To maintain quantitative levels of analyte during the dissolution test, a reduction in vessel 

volume accompanied by an alteration in apparatus design may be required. For oral dosage 

units containing concentrations of analyte at the microgram or nanogram level resulting from 

highly potent, low dose compounds, small-volume dissolution apparatus may be required and 

are generally quantitation limited. The justification for the small-volume dissolution 

apparatus is primarily due to the lowest amount of analyte in a sample that can be determined 

with acceptable precision and accuracy under the stated experimental conditions. 

 MEGA PADDLE 

Another device that was introduced to overcome some of the hydrodynamic anomalies 

associated with the dissolution test is the mega paddle. The mega paddle was introduced as a 

stimuli article in the Pharmacopeial Forum. 

FIGURE. MEGA PADDLE. 

Its primary purpose was to improve the mixing characteristics within the vessel, eradicate 

coning, and produce better stirring from a low energy system that will not cause particle 

shear. The mega paddle may also be useful for 2-L and 4-L vessels where greater fluid 

movement is required. This modified paddle has not been as widely accepted as the peak 

vessel for improving hydrodynamics within the vessel. 

 STATIONARY BASKET 

The stationary basket assembly is used with traditional rotating paddle apparatus. This 

modification suspends the dosage unit contained in a basket device just above the rotating 

paddle. Several variations of the stationary basket have evolved. One system utilizes a basket 

held in place by a disk with clips similar to the rotating basket apparatus with the exception 
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that a 0.25-inch shaft mounts the stationary basket to the evaporation cover. In addition to a 

standard USP 40-mesh basket, 10- and 20-mesh baskets have been used. Another variation 

was introduced in the USP26 First Supplement for a Felodipine monograph. This design 

utilizes a quadrangular basket of stainless steel wire gauze, which is suspended 1 mm above 

the rotating paddle. 

 QUALIFICATION OF NON-COMPENDIAL EQUIPMENT 

While no USP specifications or calibration procedure are available for small and large 

volume vessels, peak vessels, mega paddles, or stationary baskets, the pertinent physical 

characteristics should be measured. Detailed specifications of the modified equipment must 

be documented and reliable sources for the equipment should be available. Apparatus should 

be calibrated with one-liter vessels to indicate that the apparatus is suitable under standard 

conditions. Physical parameters of height, centering, speed, wobble, and temperature need to 

be measured against current USP criteria and documented. 

Non-compendial dissolution apparatus are only to be used in extraordinary conditions with 

demonstrated and documented superiority over conventional ‘‘official’’ dissolution 

apparatus. Non-compendial dissolution apparatus should also demonstrate discrimination of 

variation from batch to batch, utilize sufficient volume to be analytically quantifiable, be 

rugged (transferable), precisely and reproducibly manufactured, and commercially available. 

Additional calibration regimens should be implemented whenever practical. 

D. USP APPARATUS 3 AND 4—RECIPROCATING CYLINDER AND FLOW-

THROUGH CELL 

These apparatus are found in USP Physical Test Chapter 724 Drug Release. USP Apparatus 3 

is called the reciprocating cylinder apparatus, and USP Apparatus 4 is called the flow-through 

cell. 

 RECIPROCATING CYLINDER GENERAL APPARATUS 3 DESCRIPTION 

A presentation at the 1980 Federation International Pharmaceutique (F.I.P.) drew attention to 

acute problems associated with USP Apparatus 1 and 2 dissolution results. The conference 

inspired the concept for the USP Apparatus 3. The USP Apparatus 3, also known as the Bio-

Dis, is an excellent apparatus for developing controlled-release products because it can 

quickly and easily expose products to mechanical and physiochemical conditions which may 

influence the release of the products in the GI tract. The Bio-Dis Extended Release Tester 

was designed to test the dissolution rates of extended-release products or any dosage form 
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requiring release profiling at multiple pH levels. The capability for product transfer from one 

pH to another makes it an excellent candidate for delayed-release products. 

USP Apparatus 3 has seven inner tubes, which mechanically traverse six rows of 

corresponding, media-filled outer tubes. Six of the tubes are for testing drug product while 

the seventh row is maintained for blank media or standard solutions. The reciprocating 

cylinder apparatus consists of sets of cylindrical, flat-bottom glass vessels with corresponding 

sets of reciprocating cylinders. A motor and drive assembly reciprocate the cylinders 

vertically inside the vessels. The cylinders are allowed to move from row to row to expose 

the un-dissolved drug product to various pH levels. 

When the reciprocating cylinder test begins, the inner tubes descend slowly into the first row 

of the vessels, then the reciprocating motion starts. After the programmed time for this row 

expires, the inner tubes rise above the vessels, drain for the programmed time, and 

automatically move to the next row. The process is repeated for each row. 

The reciprocating cylinders are glass tubes fitted with top and bottom caps containing screens 

designed to contain the product under evaluation. As the cylinder reciprocates vertically the 

drug product is constantly exposed to media contained in the vessel. The 300-mL outer tubes 

remain in contact with the water bath to maintain the medium temperature at 37 C. 

The seventh position of the reciprocating cylinder apparatus may be modified for each row to 

contain a blank and standard at the specified pH, to be sampled for automated analysis. 

CURRENT PHYSICAL PARAMETERS AND TOLERANCES: 

Temperature   37 ± 0.5 C 

Dip rate (DPM)  ±5% of set speed 

Stroke Distance  10.0 ± 0.1cm 

Bottom screen   per method 

Top screen   per method (optional) 

Time points  ± 2% of specified time 

 USP 3 CALIBRATION REQUIREMENTS 

The reciprocating cylinder apparatus does have a calibration program as outlined in the USP 

utilizing Chlorpheniramine Maleate tablets as the single-unit calibrator. 
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 FLOW-THROUGH CELL GENERAL APPARATUS DESCRIPTION 

The flow-through cell was primarily developed for poorly soluble solid dosage forms. 

Limitations of volume and pH change associated with traditional rotating paddle and basket 

apparatus prompted the development of the flow-through cell. 

The flow-through cell is made up of three transparent parts, which fit into each other. The 

lower part consists of two adjacent chambers connected to an overflow device. 

The dissolution media passes into the lower part of the chamber then flows upward to an exit 

in the upper chamber, which leads to a filter assembly. The middle part of the cell has a 

cavity and holder designed to contain the dosage unit. Typical flow rates from 4 mL/min up 

to 16 mL/min are traditionally used. 

With a flow-through system, the specimen is placed in a small column, which is continuously 

flushed with a stream of fluid, simultaneously providing the medium and the mechanical 

agitation for dissolution of the drug substance. 

USP Apparatus 4 can be run as an open or closed system. The open system provides a large 

volume of multiple solvents as needed. An open system provides media from one or multiple 

pH sources and collects separate discrete samples as they elute from the flow-through cell. 

The closed systems circulate the media through the cell from a reservoir. A closed system 

with a small media reservoir could reduce volume to below 100 ml for low-dose compounds. 

Products that may be tested in Apparatus 4 include extended-release dosage forms, beads, 

suppositories, powders, and implants. 

CURRENT PHYSICAL PARAMETERS AND TOLERANCES: 

Temperature   37 ± 0.5 C 

Pump rate   240–960 mL/hr 

Std flow rates    4, 8, 16 mL/min 

Flow rate accuracy   ± 5% 

Pulsation   120 10 pulses/min 

Cell Diameters   12 and 22.6 mm 

E. USP APPARATUS 5, 6, AND 7—PADDLE OVER DISK, ROTATING  

CYLINDER AND RECIPROCATING HOLDER APPARATUS 
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These apparatus were originally designed and are primarily used for the analysis of 

transdermal delivery systems. However, the reciprocating holder apparatus has been utilized 

for a number of extended-release products other than transdermal delivery devices. These 

apparatus are fully described in the USP (6) as follows: paddle over disk as USP Apparatus 5, 

the rotating cylinder as USP Apparatus 6, and the reciprocating holder as USP Apparatus 7. 

 

 

FIGURE. USP APPARATUS 4: FLOW-THROUGH CELLS. 

 

The analysis of transdermal delivery systems occurs typically at 32 C, similar to the 

temperature of the skin. Before the 1980s, the skin was seldom regarded as a suitable route 

for administration of drugs to systemic circulation. However, the transdermal route offered 

several potential advantages for the systemic delivery of drugs. Drugs with narrow 
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therapeutic indices can be good candidates for transdermal route because of the absence of 

the peak-and-valley feature associated with the in vivo absorbance of conventional oral 

dosage forms. Transdermal systems provide controlled blood levels of potent drugs. Lastly, 

because of its noninvasive delivery, a transdermal patch may be removed easily if toxicity or 

side effects Constant surface method in the form of the modified Woods apparatus, which 

compresses the active pharmaceutical ingredient into a disk of known surface area (0.5cm2). 

The Woods apparatus is found under USP General Chapter 1088 Intrinsic Dissolution (7). 

The dissolution rate obtained by this method is termed the intrinsicdissolution rate, and is 

characteristic of each solid compound in a given solvent under the fixed experimental 

conditions. The modified Woods apparatus consists of a punch and die which contains the 

compressed pellet of bulk drug substance. 

The die is attached to the holder, which is inserted into the dissolution apparatus capable of 

holding the device. The test begins by lowering the intrinsic device containing the drug 

substance into the dissolution vessel and rotating. 

 

FIGURE. USP APPARATUS 4 OPEN SYSTEM. 
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FIGURE. USP APPARATUS 4 CLOSED SYSTEM 

 

Samples are obtained to a point where at least 10% of the drug contained in the device has 

dissolved. The intrinsic dissolution may be calculated by plotting the cumulative amount of 

the drug substance dissolved per the constant surface area against time until 10% has 

dissolved. The cumulative amount of drug substance dissolved for a specific area is obtained 

by dividing the amount dissolved at each time point by 0.5 cm2. Performing a linear 

regression on the data points up to the point that 10% has dissolved will yield the intrinsic 

dissolution rate from the slope of the regression line. The value obtained is based on the 

Noyes-Whitney equation and is generally expressed as milligrams dissolved per minute per 

centimeter squared (mg/min/cm2). Intrinsic rates greater than 1.0 mg/min/cm2 have 

negligible problems with dissolution rate limitations, but rates less than 0.1 mg/min/cm2 

suggest problems with dissolution rate. 
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FIGURE. USP APPARATUS 6: ROTATING CYLINDER. 

 

Centering  ± 2 mm centerline 

Speed    ±4% of set speed 

Vessel Temp.  32± 0.5 C 

Time points  ± 2% or 15 min of the specified time (lesser) 
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F.  ROTATING CYLINDER 

This apparatus utilizes the typical dissolution apparatus and vessel configuration with the 

exception of rotating cylinder stirring elements that are used in place of paddle or basket 

stirring elements. The shaft consists of a stainless steel cylinder stirring element with a 

removable extension, which is used for larger transdermal systems. 

The dosage unit is placed on the cylinder at the beginning of each test. The distance between 

the inside bottom of the vessel and the cylinder is maintained at 25± 2 mm during the test. 

To attach the transdermal system, remove the system from the package and remove the 

protective liner from the system. Place the adhesive side on a piece of Cuprophan that is not 

less than 1 cm larger on all sides of the system perimeter. 

Place the system on a clean surface with the Cuprophan side down. Apply a suitable adhesive 

(Dow Corning, 355 medical adhesive 18.5% in Freon 113, or equivalent) to the exposed 

Cuprophan borders and back, if necessary. Carefully apply the adhesive-coated side of the 

system to the exterior of the cylinder with the long axis of the system fitting around the 

circumference of the cylinder. 

The use of a soft pad or a computer mouse pad will help to attach the system to the cylinder 

without trapping air bubbles or damaging the patch. Place the cylinder in the dissolution 

apparatus, lower into the media, and immediately rotate at the specified speed. 

CURRENT PHYSICAL PARAMETERS AND TOLERANCES: 

Dimensions   per USP 

Height    25 ± 2 mm 

Centering  ± 2 mm centerline 

Speed   ± 4% of set speed 

Vessel Temp.   32 ± 0.5 C 

Time points    ±2% or 15 min of the specified time (lesser) 

 RECIPROCATING HOLDER 

Also known as the ‘‘Alza apparatus’’ and USP Apparatus 7, the reciprocating holder 

apparatus has evolved to handle not only transdermal products, but also other sustained-

release products. The apparatus utilizes sets of volumetrically or gravimetrically calibrated 
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tubes and a mechanical device capable of reciprocating the specific holders vertically in the 

tubes containing dissolution medium. Typical vessel volumes of 50–75 mL are used. Vessels 

are usually 50 mL with an operational minimum around 25 mL. Adaptations have been made 

to accommodate 100- and 300-mL vessels. Products typically tested in the reciprocating 

holder apparatus are transdermal delivery systems, osmotic pumps, and other non-

disintegrating extended- release dosage forms such as implants and drug-eluting stents. 

The holder apparatus consists of five different reciprocating holder configurations. 

The disk, cylinder, and angled disk are used for transdermal delivery systems. 

The pointed acrylic rod operates with an osmotic pump dosage unit or implant glued to the 

tip. The spring holder contains a non-disintegrating dosage unit or osmotic pump as it 

reciprocates vertically in the vessel. Illustrations of the vessels and reciprocating holders are 

shown in Figure 28. 

CURRENT PHYSICAL PARAMETERS AND TOLERANCES: 

Temperature   32 ± 0.5 C 

Dip rate    30 DPM 

Stroke Distance  2 cm 

Holder    per USP 

Time points   ±2% of specified time 

 INTRINSIC DISSOLUTION 

During the development process for new oral dosage pharmaceutical products, drug 

substances must be evaluated to show consistent physical characterization as represented by 

their dissolution rate constants. The drug substances, sometimes available from multiple 

techniques and sources, must demonstrate uniformity in the manufacturing process as well as 

in their physiochemical properties. The intrinsic dissolution rate is defined as the dissolution 

rate of pure substances under the condition of constant surface area. Intrinsic dissolution 

apparatus utilizes a constant surface method in the form of the modified Woods apparatus, 

which compresses the active pharmaceutical ingredient into a disk of known surface area (0.5 

cm2). The Woods apparatus is found under USP General Chapter 1088 Intrinsic Dissolution. 

The dissolution rate obtained by this method is termed the intrinsicdissolution rate, and is 

characteristic of each solid compound in a given solvent under the fixed experimental 
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conditions. The modified Woods apparatus consists of a punch and die which contains the 

compressed pellet of bulk drug substance. The die is attached to the holder, which is inserted 

into the dissolution apparatus capable of holding the device. The test begins by lowering the 

intrinsic device containing the drug substance into the dissolution vessel and rotating. 

Samples are obtained to a point where at least 10% of the drug contained in the device has 

dissolved. The intrinsic dissolution may be calculated by plotting the cumulative amount of 

the drug substance dissolved per the constant surface area against time until 10% has 

dissolved. The cumulative amount of drug substance dissolved for a specific area is obtained 

by dividing the amount dissolved at each time point by 0.5 cm2. Performing a linear 

regression on the data points up to the point that 10% has dissolved will yield the intrinsic 

dissolution rate from the slope of the regression line. The value obtained is based on the 

Noyes-Whitney equation and is generally expressed as milligrams dissolved per minute per 

centimeter squared (mg/min/cm2). Intrinsic rates greater than 1.0 mg/min/cm2 have 

negligible problems with dissolution rate limitations, but rates less than 0.1 mg/min/cm2 

suggest problems with dissolution rate. 

G. ADDITIONAL ‘‘UNOFFICIAL’’ APPARATUS: ROTATING 

BOTTLEAPPARATUS AND DIFFUSION CELLS 

 ROTATING BOTTLE 

Approximately ten years before the development of the rotating paddle and basket apparatus, 

the rotating bottle method was developed to study timed-release formulations. The original 

chapter in the National Formulary where references are made to the operation of the 

equipment is entitled Timed-Release Tablets andCapsules In Vitro Test Procedure. 

Originally, the apparatus used various ‘‘extracting fluids’’ composed of a mixture of 

simulated gastric fluid (SGF) and simulated intestinal fluid (SIF) over five pH ranges: 1.2, 

2.5, 4.5, 7.0, and 7.5. 

The apparatus is constructed to hold sets of bottles, 150 mm in length with a 30-mm 

diameter, containing a dosage unit and attached to a rotating bar while submersed in a water 

bath to maintain the extracting fluid within the bottle at 37.0 C. 

After specified periods of time, the apparatus is removed from the water bath, the bottles are 

removed, and samples are generally acquired through total media exchange. 
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After samples are taken and 37.0 C media added back to the vessels, the bottles are recapped, 

reattached to the apparatus, and the apparatus is lowered back into the water bath. 

The rotating bottle apparatus was first introduced as an official apparatus in the United States 

National Formulary but was not carried over to the United StatesPharmacopeia, which 

presently contains the seven ‘‘official’’ dissolution apparatus used in the United States. While 

it is no longer an official apparatus, it does possess several distinguishing characteristics. It is 

the only dissolution apparatus that has no evaporative loss and therefore can run for extended 

periods of time without loss of media. This is especially helpful for implants, which may 

need to run for days or even weeks to acquire in vitro dissolution data for regulatory approval 

or even quality control over the manufacturing process. The rotating bottle method is a labor-

intensive method and this may be part of the reason that it has never become as popular as 

other, more efficient and easy to use apparatus. 

 DIFFUSION CELLS 

Over the past decade, the use of an in vitro release test to evaluate drug release from 

semisolid formulations has received increased attention. Two in vitro apparatus have evolved 

over this period, the Franz Cell and the Enhancer Cell. Both systems have been developed to 

monitor formulation performance or changes in batch-to-batch uniformity. Both apparatus 

produce similar results in response to formulation changes, but preference to using one device 

over the other depends on the application technique desired. The methodology consists of 

either diffusion cell, an appropriate synthetic membrane, appropriate receptor phase, at least 5 

data points over a six-hour period to determine the release rate, and an analytical method to 

determine the concentration at a given time. These diffusion cells should be capable of 

providing manufacturing process control and ultimately a quality control test to ensure batch-

to-batch uniformity. The diffusion cells are also quite useful in the development of 

transdermal systems. Both diffusion systems have various surface sizes depending on the 

analytical need. 

 FRANZ CELL 

The Franz cell is a vertical diffusion cell system developed by Dr. Thomas Franz. It has been 

used historically to determine the release of active from topical preparations and has been 

modified to analyze potential transdermal drug delivery formulations. 

The glass cell system consists of a receptor chamber, donor chamber with clamp, sampling 

and media replacement ports, temperature-controlled heating jacket, and a stirrer. The Franz 
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cells may be sampled manually or automatically. A top cap seals the donor compartment 

from air to minimize reverse diffusion associated with automatic samplers. 

 ENHANCER CELL 

The Enhancer Cell is a device that can be used to study the drug release profiles of topical 

formulations. It is made of Teflon, an inert and non-reactive material. The main idea behind 

the development of the enhancer cell was to develop a simple, affordable, reliable, and 

reproducible quality control method that could be used to discriminate variations in the 

release characteristics of topical dosage forms. 

The Enhancer Cell consists of a cap, a washer, membrane, an o-ring, and a drug reservoir. 

The outer diameter of the body and the solid ring are identical to theinner diameter of the cap, 

which aids in keeping the membrane in place whiletightening the cell. A typical six-spindle 

dissolution tester may be used. The apparatusmust be modified to hold 200-mL capacity 

vessels instead of the standard900-mL vessel. It is essential to use smaller receptor volumes 

to obtain sampleswith detectable concentration of drug for HPLC analysis. Additional 

requiredequipment includes an adapter plate to position the vessel in the center, an 

evaporationcover, a smaller-sized shaft, and collet to hold the shaft firmly in place. 

The operational minimum volume is about 50 mL. Transdermal membrane candidates may 

also be evaluated with the Enhancer Cell. Regarding the qualification and use of ‘‘unofficial’’ 

dissolution apparatus, the FDA encourages the development and use of the most appropriate 

instrumentation. However, the use of rare or exotic systems not only places undue burden on 

the regulatory laboratory, but also may delay the approval process for new drug products. 

When noncommercial instrumentation is used, the instrumentation should be capable of being 

constructed from commercially available components at a reasonable cost, if possible. For 

unique methodologies or instrumentation requiring contract fabrication, the applicant’s 

cooperation with the FDA laboratories in helping facilitate duplication of the analytical 

equipment and procedure is important. 

In addition to design and equipment specifications, complete performance assessment 

procedures should be provided. Such systems may be found suitable for regulatory use. 

However, unnecessary proliferation of alternative dissolution apparatus should not be 

encouraged, and alternatives or modifications to established dissolution apparatus should be 

considered on the basis of proven superiority for a particular product. 

 APPLICATION OF DISSOLUTION STUDIES 
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H. THEORIES OF DISSOLUTION 

1. Diffusion Layer Model (Film Theory) 

2. Danckwert’s Model (Penetration or Surface Renewal Theory) 

3. Interfacial Barrier Model (Double Barrier Mechanism OR Limited Solvation Theory) 

DIFFUSION LAYER MODEL (FILM THEORY): 

It is a simplest model where dissolution of crystal, immersed in liquid takes place without 

involving reactive or electrical forces. Consist of two consecutive steps: 

Solution of the solid to form a thin film or layer at the solid/ liquid interface called as 

stagnant film or diffusion     layer     which is saturated with the drug this step       is       

usually rapid (instantaneous). 

Diffusion of the soluble solute from the stagnant layer to the bulk of the solution this step is 

slower and is therefore the rate determining step in the drug dissolution. The model is 

depicted in following fig. 
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Fick’s law covers only diffusions under steady state conditions. Modifying it Noyes & 

Whitney established another equation 

 

 

 

 

 

Brunner &Tolloczko incorporated surface area ‘A’ in Noyes & Whitney Equation.Dc/dt = 

k1A (Cs – Cb). Afterwards Brunner, incorporated Fick’s law of diffusion & expanded his 

given eq. to include diffusion coefficient ‘D’, thickness of stagnant diffusion layer ‘h’ & 

volume of dissolution medium ‘v’. 

 

 

 

 

 

 

 

Thiseq.describesafirst–orderdissolutionkinetics.Itrepresentsdissolutionundernon-

sinkconditions. 

Ifvolumeisrelativelylarge suchthat 

 

Dissolution rate under sink condition follow zero order dissolution rate. 
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For obtaining IVIVC sink condition can be achieved by: 

1. Bathing the dissolving solid in fresh solvent from 

time to time. Increasing the volume of dissolution fluid. 

2. Removing the dissolved drug by partitioning it from the aqueous phase of 

dissolution fluid into the organic phase placed either above or below the dissolution 

fluid for e.g. hexane or chloroform. 

3. Adding a water miscible solvent such as alcohol to the dissolution fluid. 

4. By adding selected adsorbents to remove the dissolution drug. 

In vitro sink condition is so maintain thatCb always less than 10% of Cs. 

 HIXON-CROWELL CUBE ROOT RELATIONSHIP 

Major assumptions in Noyes-Whitney relationship is that the S.A.(A) term remains constant 

throughout dissolution process. This is true for some formulations, such as transversal 

patches.However, size of drug particles from tablets, capsules and suspensions will decrease 

as drug dissolves. 

This decrease in size of particles changes the effective S.A. 

 Thus, Hixon& Crowell modified the eq. to represent rate of appearance of solute by 

weight in solution by multiplying both sides of volume term. 

W01/3 – W1/3 = kt 

W0 = original mass of drug 

W = mass of drug remaining to dissolve at time t 

K = dissolution rate constant 

 

 DANCKWERT’S MODEL (PENETRATION OR SURFACE RENEWAL 

THEORY) 

o This theory assumes that solid-solution equilibrium is achieved at interface and mass 

transport is slow step in dissolution process. 

o The model could be visualized as a very thin film having a conc. Ci which is less than 

saturation, as it is constantly being exposed to fresh surfaces of liquid having a conc. much 

less than Ci. Acc. to model, the agitated fluid consist of mass of eddies or packets that are 
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continuously being exposed to new surfaces of solid and then carried back to bulk of liquid. 

o Diffusion occurs into each of these packets during short time in which the packet is in 

contact with surface of solid. 

o Since turbulence actually extends to surface, there is no laminar boundary layer and 

so no stagnant film exists. Instead, surface continually being replaced with fresh liquid 

 

 

 

 

 

 

 

 

 

 

 

 

 INTERFACIAL BARRIER MODEL (DOUBLE BARRIER OR LIMITED 

SOLVATION THEORY) 

The Diffusion layer model and the Dankwert’s model were based on two assumptions: 

1. The rate determining step that controls dissolution is the mass transport. 

2. Solid solution equilibrium is achieved at the solid/liquid interface. 

According to interfacial barrier model, an intermediate conc. can exist at the interface as a 

result of salvation mechanism and is a function of solubility rather than diffusion. 

When considering the dissolution of the crystal will have a different interfacial barrier 

givenby following equation, 

G = ki (Cs – Cb) 

Where G = dissolution per unit area 

Ki = effective interfacial transport constant 
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In this theory, the diffusivity D may not be independent of saturation conc. Cs .The interfacial 

barrier model can be extended to both Diffusion layer model and the Dankwert’s model. 

 

 

 

1. EXPEIMENT 

 Study design: The study of in-vitro quality analysis of available alprazolam tablet 

brands in Bangladesh was studied by the evaluation of weight variation, hardness, friability, 

and disintegration time and dissolution profile. The study was conducted using various 

standard test methods related to estimate the quality of tablets. 

 Sample collection and identification:    Seven (7) brands of alprazolam tablets were 

purchased from various medicine shops. They were randomly marked from ALP01 to 

ALP07. The samples were properly checked for their manufacturing license numbers, batch 

 

 

 

Table. Mathematical Models for Drug Dissolution Profile Analysis 

  

 

 

Model 

 

 

Mathematical 

equation 

 

 

Release mechanism 

 

 

Theoretical 

RD
a
 

 

 

Release 

class 

     

Zero-order C1t Constant release rate 0.3 0 

First-order C2(1 – exp(–c1)) 
Fick’s first law diffusion 

mechanism 
1.0 1 

Higuchi c1t0.5 
Diffusion medium based 

mechanism 
0.8 2 

Hixson–Crowell C2(1– (1– c1t)
3
) Erosion release mechanism 0.6 3 

Korsmeyer–

Peppas 
C2tc1 

Semi-empirical model, 

diffusion medium based 

mechanism 

  

Weibull 
c3(1 – exp(– 

t/c1)C2) 

Empirical  model, lifetime 

distribution function 
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numbers and date of manufacture and expiry dates. The entire tablet brands were containing 

labeled shelf life of three years from the date of manufacture and before two years of labeled 

expiry date it was taken for the evaluation. The labeled active ingredient was 0.25mg of 

alprazolam and all were packaged in strip or in blister. Reference standard of alprazolam 

(99.87%) was collected from Incepta Pharmaceuticals Limited. 

 Analyticalmethods: In this study, following quality control tests were performed for 

the evaluation of all the alprazolam tablet brands. 

 Weightvariationtest: The acceptable range of weight variation for tablets should not 

exceed 10% or more having average weight of 80 mg or less (British 

Pharmacopoeia, 2005). For each brand, ten tablets were randomly selected and weighed 

individually using an analytical balance. The average weights were determined using the 

following formula. 

Individual weight−Average weight 

Weight variation (%)=   ---------------------------------------------×100 

Average weight 

 Hardness test: Hardness of randomly selected ten tablets was determined for all the 

brands using ‘Monsanto’ type hardness tester. Finally the mean crushing strengths were 

determined. 

 Friability test: In the study, it was determined by using Electrolab EF-2 Friabilator 

(USP) and the values of friability were expressed in percentage (%). From each selected 

brands ten tablets were individually weighed and transferred into friabilator which was 

operated at 25 rpm and continued up to 4 minutes (100 revolutions). Then the tablets weights 

were measured again and the percent (%)of friability was calculated using following formula. 

Weight before test−Weight after test 

% of Friability = -------------------------------------------------×100 

Weight before test 

 Disintegration time test: The instrument used for this test was Disintegration tester –

USP; (Electro lab EF 2L; with disc in distilled water medium. To test for disintegration time 

three tablets of each brand were placed in each tube and the basket rack is positioned in a 1 

liter beaker of water at 37 ± 0.50c. The time required to break of each tablet into minute 

particles and pass out through the mesh was recorded. Then the mean disintegration time was 
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calculated for every brands. 

 Dissolution test: For all brands of studied tablets, dissolution test was carried out 

using Dissolution Tester – USP Apparatus-1 (Basket type). Individually 3 tablets of each 

brand were placed in 3 different beakers in dissolution medium containing 900 ml of 

0.1NHCl buffer (pH 7.4). The process was done at a speed of 100 rpm by maintaining 

temperature at 37±1ºC in each test. At regular time intervals of 10 minutes samples were 

withdrawn as 5 ml which was predetermined and same method was continued up to 30 

minutes by replacing equal quantity of fresh dissolution medium. The filtered samples were 

diluted suitably and analyzed by using UV Spectrophotometer (UV Spectrophotometer: UV-

1800-240V) at 260 nm for alprazolam and percentage (%) of drug release was calculated by 

measuring the absorbance. 

 Preparation of the stock solution 

10 mg of the alprazolam standard powder was weighted precisely and transferred to a 100 

mL volumetric flask.  A solvent mixture of methanol : water  (9:1 V/V) was added to the 

flask and made the volume exactly to 100 mL. Therefore, a 0.1mg/mL or 100 µg/mL of the 

active ingredient was made. 1 mL of this solution was taken with microsyringe and 

transferred into a 100 mL volumetric flask and made the volume exactly to 100 mL with the 

above mentioned solvent mixture. Therefore, the final concentration of 1 µg/mL was 

obtained and used for the preparation of various concentration solutions necessary for 

plotting the calibration curve. 

 Preparation of the standard solutions 

For plotting the calibration curve, concentrations of 0.2, 0.4, 0.6, 0.8 and 1µg/mL were 

needed.  From the above mentioned stock solution, 2, 4, 6, 8  and 10 mL were taken and each 

one was placed in an individual 10 mL volumetric flask, then made the volumes exactly to 10 

mL by adding the solvent mixture of  methanol:water  (9:1 V/V) to each of the flasks. 

Therefore, solutions with concentrations of 0.2, 0.4, 0.6, 0.8 and 1µg/mL were obtained 

which would be used for plotting the calibration curve and injection into the HPLC 

instrument. 

 

 Determination of λmax of alprazolam standard powder
 

The UV spectrum of alprazolam standard powder in methanol:water  (9:1 V/V) was taken.  

The λmaxwas determined as 254 nm. 
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 Plotting the standard calibration curve 

For plotting the standard curve, five times and each time 20 µLfrom each of the standard 

solutions prepared in (6) was injected into the HPLC instrument from the lowest to the 

highest concentrations.  The chromatograms and the relevant data such as peak area, peak 

height, retention time, etc. were recorded and saved as Peak – Report tables in the soft ware 

program (Table 5).  For the assurance of the accuracy and precision of the measurement 

method, the whole procedures for plotting the calibration curve were repeated three times 

within a day and twice between two consecutive days. Then, the calibration curve was plotted 

(Figure 2). On the basis of the calibration curve (Figure 2), the unknown samples were 

injected into the HPLC instrument and the chromatograms were recorded, then the amounts 

of the unknown samples were determined.
6
 

TableHPLC data obtained from the injection of samples prepared from alprazolam standard 

powder with given concentrations 

Concentration      

µg/mL 

Retention 

time 

(tR) min. 

Height, mv Area, 

mv*min 

0.2 1.633 11.77±  0.18 0.98±0.050 

0.4 1.633 23.57±  0.19 1.97±0.032 

0.6 1.633 34 ±   0.45 2.85±0.030 

0.8 1.633 46.01±   0.16 3.72±0.045 

1.0 1.633 56.7 ±   0.29 4.67±0.030 
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Figure. Calibration curve of alprazolam standard powder 

 

Table Measurement of weight variation of different brands of Alprazolam tablet. 

Alprazolam 

tab. brands 

Minimum 

weight{g} 

Maximum 

weight{g} 

Average 

weight (g) 

Standard 

deviation 

Relative 

standard 

deviation 

ALP 01 0.1344 0.1385 0.1364 0.0010 0.760 

ALP 02 0.1529 0.1563 0.1543 0.0012 0.786 

ALP 03 0.1328 0.1373 0.1353 0.0017 1.266 

ALP 04 0.1326 0.1362 0.1347 0.0011 0.856 

ALP 05 0.1154 0.1211 0.1188 0.0021 1.805 

ALP 06 0.1317 0.1339 0.1323 0.0007 0.540 

ALP 07 0.1335 0.1351 0.1343 0.0005 0.402 

Table Results of hardness, friability, disintegration tests of different brands of 

Alprazolam tablets. 
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Alprazolam 

tab. brands 

Hardness (kg-ft) 

(mean ± SD) 

Friability (%) Disintegration 

time (min) 

ALP 01 3.26 ± 0.23 0.73 0.57 ± 0.45 

ALP 02 2.50 ± 0.16 0.97 1.26 ± 0.07 

ALP 03 4.21 ± 0.11 0.61 1.52 ± 0.31 

ALP 04 1.50 ± 0.18 0.79 1.32 ± 0.11 

ALP 05 1.64 ± 0.15 0.50 1.15 ± 0.13 

ALP 06 2.43 ± 0.12 0.87 1.39 ± 0.12 

ALP 07 3.53 ± 0.14 0.63 2.22 ± 0.23 

ALP= Alprazolam, g=gram   

 

Figure. Drug release curve of different brands of Alprazolam tablet ALP= Alprazolam 

2. RESULTS AND DISCUSSION  

Alprazolam is most commonly used to relieve anxiety, nervousness, and tension associated 

with anxiety disorders. Alprazolam is also used to treat panic disorders. Regarding the 

efficacy of alprazolam and its rapid effect in patients, which is dependent largely upon the 

quality of the drug, it was decided to evaluate in vitro the following objectives between 
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different types of alprazolam tablets and make a comparison between the quality of these 

tablets:  

1. Investigating and determining the extent of purity of the active ingredient of the 

imported standard powder.   

2. Studying and determining the active ingredient of each type of the tablets.  

3. Study the dissolution rate of each type of the tablets.  

4. Study the degree of hardness, friability percentage, disintegration time and weight 

variation and uniformity content of each type of the tablets.  

5. Finally, concluding about the efficacy and quality of these tablets.  

 For the determination of the active ingredient, content uniformity and dissolution rates of 

alprazolam tablets and standard powder, high performance liquid chromatography (HPLC) 

which is a rapid and precise technique was used.   

 Friability percentages of the tablets were calculated using the following formula:  

%Friability= [(W1 – W2)/ W1]× 100   

Where W1 is the initial weight of the 20 tablets and W2 is the final weight of the 20 tablets.  

The maximum acceptable friability range should be within 0.5-1%, on condition that it does 

not affect the apparent shape of the tablet.
6
 

For the determination of % release of the tablets, the following calculations were done:  

                                                             Active ingredient of the tablet used (mg)  

i) Concentration (µg/mL) = ---------------------------------------------------------- 

                                                            Total volume of the dissolution medium (mL)  

ii) This concentration was considered as 100% drug release.  

  The Amount (from the HPLC Peak Report data)  

iii) % Release = ---------------------------------------------------------------------× 100  

                                                  Concentration (µg/mL)  

 Determination of the degree of hardness, friability percentage and disintegration time of the 

tablets were made by using the corresponding instruments.  Weight variations were measured 

by analytical balance. The various results obtained in this research have shown that:  

i)Alprazolam tablets manufactured by Upjohn (Xanax) of USA had the highest whereas those 

manufactured by Unichem laboratory had the lowest degree of hardness,  
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ii) Friability percentages of all seven types of the tablets were within the internationally well-

knownpharmacopoeia acceptable range. 

 iii)Disintegration time of all seven types of the tablets were within the expected range. 

 

CONCLUSION:   

From the study it was identified that weight variation and friability test of alprazolam tablet 

brands met the specification of B.P. Variations were obtained in hardness, disintegration time 

and dissolution profile. On the other hand almost all alprazolam tablet brands showed better 

disintegration time but some were slight different in their dissolution profile which is related 

to its absorption property. Manufacturers should always maintain highest standard for all 

quality parameters of any medicine because better quality ensures better medicine to get 

desired therapeutic effect. 
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