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ABSTRACT  

The gastrointestinal tract (GIT) is usually the preferred site of 

absorption for most therapeutic agents due to the convenience 

of administration, patient compliance, and cost. Although much 

about the performance of a system can be learned from in-vitro 

release studies using conventional and modified dissolution 

methods information about the behavior of pharmaceutical 

dosage forms in-vivo can be obtained using radionuclide 

incorporated into the dosage form. The best-known 

radionuclide imaging technique is gamma scintigraphy. Gamma 

scintigraphy provides a noninvasive method to see the in-vivo 

fate of a pharmaceutical dosage form. Controlled-release (CR) 

dosage forms have been extensively used to improve therapy 

with several important drugs. On the other hand, incorporation 

of the drug in a controlled release gastroretentive dosage forms 

(CR-GRDF) which remain in a gastric region for several hours 

would significantly prolong the gastric residence time of drugs 

and improve bioavailability, reduce drug waste and enhance the 

solubility of drugs that are less soluble in high pH environment. 

Gamma scintigraphy has immerged as a useful technique for 

illustrating in-vivo evaluation of novel drug delivery systems. 

These assessments are especially powerful when combined with 

conventional pharmacokinetic (PK) assessment in a 

‘pharmacoscintigraphic study’, as they allow the behavior of 

the dosage form in the GIT to be correlated directly with the 

arrival of the drug in the systemic circulation, and can be used 

to explain anomalous PK data in individual subjects.    
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INTRODUCTION: 

Despite rapid growth in the novel routes for delivery, the majority of therapeutic agents are 

still administered orally [1]. To enhance patient compliance and treatment efficiency, several 

investigators across the globe have been focusing on either novel routes of drug delivery or 

reducing the multiple dosing regimens to once-daily products in the form of controlled 

release formulations [2]. Although much about the performance of drug delivery systems can 

be learned from in-vitro release studies using conventional and modified dissolution methods; 

however, information about the in-vivo behavior of dosage forms can be obtained using 

radionuclide incorporated into the dosage form. The best-known radionuclide imaging 

technique is gamma scintigraphy [3]. The technique had already been used for many years in 

studying the physiology of the gastrointestinal tract. The idea was originally to gain 

information about the anatomy and physiology of the human body using radionuclides that 

localize in specific organs. Soon after, it was discovered that the same basic procedure can be 

utilized in drug studies. The first applied studies of gamma scintigraphy in the context of 

peroral pharmaceutical dosage forms were carried out in the 1970s [4, 5]. Pharmaceutical 

gamma scintigraphy takes a step forward beyond the traditional anatomical imaging because 

the movements of drug molecules or delivery systems are monitored continuously. Therefore, 

it is also called functional imaging [6]. To support the introduction of novel, controlled 

release dosage forms, regulatory bodies have increasingly accepted imaging technologies to 

validate proof of the concept over the past 10 years. Among all the modalities available, i.e., 

X-rays, nuclear medicine (gamma scintigraphy and positron emission tomography), magnetic 

resonance imaging, and ultrasound, gamma scintigraphy has become preeminent as a tool in 

the assessment of oral, pulmonary, and ophthalmic dosage forms. Advances in this 

technology have allowed faster acquisition, and new computing techniques have allowed 

better characterization, of the pharmacokinetics of the radiopharmaceuticals incorporated in 

the formulation. Parallel to this, applications of scintigraphy in the study of drug formulations 

generated new expertise quite separate from the diagnostic arena. Now radiology and nuclear 

medicine are utilizing this knowledge to obtain better imaging agents and in many respects, 

the two paths crisscross to the mutual benefit of both camps [7].  

 This incisive and versatile technique has been recognized to be a valuable approach in the 

evaluation of oral drug delivery systems. It is a non-invasive method capable of providing 

reliable and precise information in terms of the transit time of dosage forms across the 

gastrointestinal tract (GIT). Time and site for the disintegration of dosage forms can be 
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revealed accurately using this procedure. Moreover, the effect of different conditions such as 

the presence of food, diseased state as well as the size of formulations can also be explored 

with imperative details. In the current scenario, it has become a common practice to evaluate 

the in vivo performance of various drug delivery systems in healthy volunteers or patients 

using this imaging technique [8, 9, 10]. 

GAMMA RADIATION:  

Physicists credit French physicist Henri Becquerel for discovering gamma radiation. In 1896, 

he discovered that uranium minerals could expose a photographic plate through a heavy 

opaque paper. Roentgen had recently discovered X-rays and Becquerel reasoned that uranium 

emitted some invisible light similar to X-rays. He called it “metallic phosphorescence”. In 

reality, Becquerel had found gamma radiation being emitted by radium-226. Radium 226 is 

part of the uranium decay chain and commonly occurs with uranium [11]. 

Gamma rays are electromagnetic radiation of high frequency (very short wavelength). They 

are produced by sub-atomic particle interactions such as electron-positron annihilation, 

neutral pion decay, radioactive decay, fusion, fission, or inverse Compton scattering in 

astrophysical processes. Gamma rays typically have frequencies above 1019 Hz and therefore 

energies above 100 KeV and wavelength less than 10 picometers, often smaller than an atom. 

Gamma radioactive decay photons commonly have energies of a few hundred KeV and are 

almost always less than 10 MeV in energy [12]. Gamma radiation is one of the three types of 

natural radioactivity. Gamma rays are electromagnetic radiation, like X-rays. The other two 

types of natural radioactivity are alpha and beta radiation, which are in the form of particles. 

Gamma rays are the most energetic form of electromagnetic radiation [13]. Properties of 

various radioactive radiations are given in Table No. 1. 

Table No. 1: Nature of radioactive radiations 

Radiation Mass Electric charge Velocity 

 

Alpha particle 

Beta particle 

 

Gamma rays 

 

Relatively heavy 

About 8,000 times 

lighter 

None 

 

Double positive 

Negative 

 

None 

Relatively slow 

Less than the 

velocity of light 

3×(10)8 m/s in free 

space 
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GAMMA SCINTIGRAPHY [14, 15]: 

Gamma scintigraphy was introduced by Griffith in 1966 for observing the gastric emptying 

time [16] but the fate of pharmaceuticals was determined by this technique in 1976 [4, 5, 6]. 

Gamma scintigraphy is a technique whereby the transit of dosage form through its intended 

site of delivery can be non-invasively imaged in-vivo via the judicious introduction of an 

appropriate short-lived gamma-emitting radioisotope. In gamma scintigraphy, 

radiopharmaceuticals tagged with formulations are administered internally, for example 

intravenously or orally. Then, an external detector (gamma camera) captures and form images 

from the radiation emitted by the radiopharmaceuticals. This process is unlike a diagnostic x-

ray where external radiation is passed through the body to form an image. The observed 

transit of dosage form can then be correlated with the rate and extent of drug absorption. 

Information such as the site of disintegration or dispersion can also be obtained. Figure No. 1 

gives an idea about the basic principle of this technique. 

 

Figure No. 1: Principle of gamma scintigraphy 

Protocols employing scintigraphy must be well planned since the technique is complex and 

costly involving expensive instrumentation and requiring highly trained personnel. 

Experiments often involve a team of scientists including radiochemists, imaging specialists, 

and experts in pharmaceutics. Personnel capable of interpreting scintigraphic problems and 

devising protocols to deal with sources of error such as motion, scatter, and attenuation are 
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essential [17]. This growing role for imaging is leading to greater involvement of radiologists 

in clinical trials and increased integration of radiological science into clinical research [18]. 

Various advantages of gamma scintigraphy are summarized in the following text. [19] 

 In-vivo evaluation of dosage forms is feasible under normal physiological conditions. 

 Qualitative as well as quantitative observations can be recorded which is not viable with 

other approaches. 

 Non-invasive. 

 Very little radiation exposure to the participating subjects compared to roentgenography 

(X-ray method).  

 Combining the imaging information with pharmacokinetic data known as 

‘pharmacoscintigraphy’ provides valuable knowledge about the release and absorption 

mechanism in a more realistic way. 

 In the case of oral dosage forms, altered gastrointestinal transit due to the presence of 

food, individual variation, physiological or pharmacological factors, may influence bio-

availability. Disintegration, erosion, or drug release may be premature or delayed in-vivo. 

Gamma scintigraphy combined with knowledge of physiology and dosage form design can 

help explain these variables [20]. 

 Other possible routes that can be imaged include: parenteral [21], rectal [22, 23], 

pulmonary [24, 25, 26], ophthalmic [27, 28] etc. 

 Also, functional in biodistribution studies of several new drugs radiolabelled with 99mTc. 

Biodistribution pattern has been established in an easy, cost-effective, and reproducible 

manner for various drugs including ciprofloxacin, sparfloxacin, and isoniazid [29]. 

 This approach is also being widely employed in brain targeting [2], tumor imaging [30, 

31, 32, 33, 34], gene therapy [35], bone targeting delivery systems [36], etc.  

BASIC PHYSIOLOGY OF STOMACH: 

To understand the transit of dosage forms through the GIT, it becomes a necessity to know its 

basic physiology with special emphasis on the stomach where the GRDFS retain and exhibit 

their action. The GIT is essentially a tube about nine meters long that runs through the middle 
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of the body from the mouth to the anus and includes the throat (pharynx), esophagus, 

stomach, small intestine (consisting of the duodenum, jejunum, and ileum), and large 

intestine (consisting of the cecum, appendix, colon, and rectum). The basic structure of the 

gastrointestinal wall is similar in the stomach and the intestines, although variations exist 

between different sections of GIT. The GI wall consists of four layers: an inner mucosa, a 

middle layer known as the submucosa, and on the outer section, the muscularis externa, 

composed of layers of smooth muscles covered with connective tissue (the serosa) [37]. The 

stomach is continuous with the esophagus at the cardiac orifice, and with the duodenum at the 

pyloric orifice. The part of the stomach above the cardiac orifice is the fundus; the main part 

is the body and the lower part, the pyloric antrum. At the distal end of the pyloric antrum, 

there is the pyloric sphincter, guarding the opening between the stomach and the duodenum. 

When the stomach is inactive the pyloric sphincter is relaxed and open, when it contains food 

the sphincter is closed [38]. The stomach secretes about 2 L of hydrochloric acid per day. The 

concentration of hydrogen ions in the stomach’s lumen may reach 150 mM, 3 million times 

greater than the concentration in the blood [39]. Hydrochloric acid makes the stomach 

contents very acidic. This is (somewhat) dangerous since both hydrochloric acid and the 

protein-digesting enzymes can digest the stomach itself, causing ulcers. However, as long as 

enough mucus is made, the stomach is ‘safe’ and will remain unharmed [40]. The GIT is in a 

state of continuous motility consisting of two modes, inner digestive motility pattern and 

digestive motility pattern. The former is dominant in the fasted state with a primary function 

of cleaning up the residual content of the upper GIT. Gastric motility is controlled by both 

neural and hormonal signals. Nervous control originates from the enteric nervous system as 

well as the parasympathetic and sympathetic systems. Several hormones have been shown to 

influence gastric motility, for example, both gastrin and cholecystokinin act to relax the 

proximal stomach and enhance contractions in the distal stomach [41]. The inter-digestive 

motility pattern is commonly called the ‘migrating motor complex’ (‘MMC’) and is 

organized in cycles of activity and quiescence [42, 43, 44]. 

MMC is further divided into four consecutive phases as described by Wilson and 

Washington, represented in Figure No. 2 [44]. 

Phase I (basal phase): it is a quiescent period that lasts for 30-60 minutes with rare 

contraction. 
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Phase II (pre burst): It consists of intermittent action potential and gradually increases in 

intensity and frequency as the phase progress and lasts for about 40-60 minutes. 

Phase IV (burst phase): This is a shorter period of intense, large regular distal and proximal 

gastric contractions (4-5 contractions per minute) lasting for about 4-6 minutes. This cycle is 

also known as the “housekeeper wave” since it sweeps undigested gastric contents from the 

stomach to the intestine. 

Phase IV:  This phase is about 0-5 minutes, it occurs between the last part of phase III and 

the beginning of phase I.  

 

Figure No. 2: Gastrointestinal motility pattern. 

Gamma scintigraphy is often the gold standard for transit studies [45] and has an important 

clinical value in the study of the digestive tract [46]. The main advantages are represented by 

the possibility to evaluate, in a relatively non-invasive manner, the transit time of specific 

components of physiological meals as well as of some digestive secretions. These techniques 

are generally well accepted by the patients and results are largely not operator dependent 

[47]. The patient or volunteer takes a meal that is radiolabeled with a radioisotope, which 

appears in blue when viewed through a gamma detection camera. The gamma camera is 

situated outside the body and can detect the meal inside the body from the radio emissions of 

radionuclide mixed with the food [48]. 99mTc (Technetium) radiolabeled eggs and 99mTc- 

DTPA (Indium-diethylenetriaminepentaacetic acid)  are commonly used for this purpose, 

99mTc- DTPA fulfills the criteria as an ideal agent for measuring gastric emptying time 

whereas water is labeled with 111In-DTPA  to evaluated liquid emptying [49, 50]. Using 

computer graphics, three-dimensional visualization of the data can be developed. The display 

enables viewing from any angle and should be of value in assessing the effect of variables on 
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the transit of pharmaceuticals and other materials [51]. It was reported from a study that, in 

the case of a solid test meal from which radiolabel could be eluted, the free label would 

empty considerably faster than the remaining solid material [52].  

FACTORS AFFECTING GI TRANSIT STUDIED BY MEANS OF GAMMA 

SCINTIGRAPHY 

Gamma scintigraphy has been applied by investigators to demonstrate various factors that 

may affect the GI transit and gastric emptying process, some of these studies are discussed 

here:  

Davis et al. measured the gastrointestinal transit of pharmaceutical dosage form in 201 

normal subjects using gamma scintigraphy. Solutions, small pellets, and single units (matrix 

tablets and osmotic pumps) were administered with different amounts of food in the stomach, 

ranging from fasted state to heavy breakfast. Gastric emptying was affected by the nature of 

dosage form and the presence of food in the stomach. Solutions and pellets were emptied 

even when the stomach was in the digestive mode, while single units were retained for long 

periods, depending on the size of the meal. In contrast, measured intestinal transit times were 

independent of the dosage form and fed state. The small intestinal transit time of about three 

hours has implications for the design of dosage forms for the sustained release of drugs in 

specific positions in the gastrointestinal tract [53]. Davis et al. also studied the effect of 

density on the gastric emptying of single and multiple-unit dosage forms. It was found that 

the use of density as a means of altering the gastric residence time of pharmaceutical dosage 

forms (multiple and single units) has little or no value using the gamma scintigraphic 

technique. The major factor determining the gastric emptying of single units is the presence 

of food [54]. 

Normal aging seems to reduce the propulsive capacity of the colon, whereas gastric and small 

intestinal motility is not affected [55]. Majaverian et al. studied the effects of gender, posture, 

and age on the gastric residence time of an indigestible solid: pharmaceutical considerations. 

By application of gamma scintigraphy, it was concluded that evaluation of these 

physical/biological parameters has important implications in the design of various sustained-

release dosage forms [56].  

Marathe et al. assessed the effect of altered gastric emptying and gastrointestinal motility on 

the absorption of metformin in healthy subjects. Scintigraphic data indicated that 
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pretreatment with metoclopramide decreased gastric emptying time and increased 

gastrointestinal motility while pretreatment with propantheline had the opposite effect [57].  

Basit et al. assessed the effect of polyethylene glycol 400 (PEG 400) on gastrointestinal 

transit. The findings demonstrated that PEG 400 had a marked accelerating effect on small 

intestinal liquid transit [58]. 

Van Nieuwenhoven et al. investigated the effect of different dosages of guar gum on gastric 

emptying and small intestinal transit of a consumed semisolid meal. It was concluded that the 

addition of guar gum to a semisolid meal up to a dosage of 4.5 g does not affect 

gastrointestinal transit [59].  

Adkin et al. studied the effects of pharmaceutical excipients on small intestinal transit. 

Effects of three iso-osmotic pharmaceutical excipient solutions of sodium acid 

pyrophosphate, mannitol, and sucrose on gastrointestinal transit were investigated in eight 

healthy male volunteers. Dual isotope gamma scintigraphy was used to assess the transit 

behavior of the tablets and solutions. There were no significant differences in the transit times 

of non-disintegration tablet preparations when co-administered with each solution [60]. 

Hence, gamma scintigraphy offers a variety of studies for evaluating GI transit and factors 

influencing it.  

SOURCES OF RADIOISOTOPES: 

Various sources of radioisotopes are shown in Table No. 2 along with their half-life used in 

gamma-scintigraphy. Notice that some of these have a relatively short half-life. These tend to 

be the ones used for medical diagnostic purposes because they do not remain radioactive for 

very long following administration to a patient and hence results in a relatively low radiation 

dose [61]. 
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Table No. 2: Illustration of radionuclides used in gamma-scintigraphy 

Choice of a suitable radionuclide for scintigraphic studies can be ascertained by considering 

the following major factors [1, 62]:- 

 Emitted radiations must be well-suited for in-vivo applications.  

 These radiations should be within the detection range of gamma camera i.e. between 100 

and 200 KeV. 

 Its half-life must be adapted to the duration of the experiment to avoid exposing 

unnecessarily the volunteer to radioactivity after completion. 

 Tracer must not alter the behavior of the dosage forms under investigation. 

 Cost and availability also affect the selection of proper radionuclide. 

RADIOLABELLING OF DOSAGE FORMS: 

Before imaging gastroretentive drug delivery systems, the dosage form must be radiolabeled. 

Once a suitable nuclide is selected, a proper agent must be selected to carry the isotope. 

Chelating agents such as diethylenetriaminepentaacetic acid (DTPA) [50], colloids e.g. 

sulphur colloid [63], polystyrene resin [64], and cellulose macromolecules [65] etc. are also 

utilized. The radionuclide is incorporated into the formulation using an appropriate method so 

that it acts as a marker for a particular event. This is usually the release of a drug, but in some 

cases, the radionuclide is required to be retained in the formulation to investigate the fate of 

Radionuclide Half-life (approx.) 
Principle photon 

energy (Kev) 

Type(s) of emitted 

radiation 

 

81mKr (Krypton) 

 

99mTc (Technetium) 

111In (Indium) 

123I (Iodine) 

 

131I (Iodine) 

 

13 sec 

 

6.02 h 

2.8 d 

13 h 

 

8.05 d 

 

191 

 

140 

173, 247 

160 

 

360 

 

Positron, beta particles, 

and gamma radiation 

Gamma radiation 

Beta particles 

Gamma radiations, free of 

beta particles 

Gamma and beta particles 
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the dosage form itself [66]. Radiopharmaceuticals labeled with 99mTc are most widely 

employed. Using gamma-emitting radioisotopes compounded into GRDF has become the 

state of art for evaluation of GIT times in healthy volunteers [67].  Emitted rays can be 

imaged using a ‘gamma camera’ of scintillation counter, combined with a computer to 

process the image, and thereby dosage forms can be tracked in the GIT. A major advantage of 

this technique is its high safety profile, as it is accompanied by relatively low doses of 

radiation. 

Radiolabelling techniques [66, 68]:  

Several approaches are available and widely used for different radiolabelling techniques. 

Predominant ones are briefly described in the following text and shown in Figure No. 3. 

(a) Whole dose radiolabelling: Involves incorporation of radiolabeled carrier particles 

uniformly within the formulation matrix during manufacture. This is particularly important 

when a key objective is to assess the release of drug from the dosage form over time. 

(b) Point radiolabelling: Sometimes known as ‘drill and fill’ where radiolabeled carrier 

particles are inserted into a hole drilled within the surface of the tablet, which is then 

subsequently sealed. Radiolabel acts as a marker for location in the GIT and provides some 

information on the integrity of the dosage form. Examples- InteliSite® [69] and EnterionTM 

capsule [70]. 

(c) Surrogate marker: It is not always necessary to directly radiolabel a multiparticulate 

formulation. Instead, a second population (e.g. ion exchange resin or non-pareil beads), 

labeled with a suitable radionuclide, is mixed with drug pellets. It is used for some multi-

particulate systems. Production-scale batches cannot be radiolabeled by conventional method 

because of a large amount of radioactive isotope needed and the radiation exposure to the 

manufacturing personnel. Hence, the neutron activation method was developed by Parr et al. 

to radiolabel intact dosage forms. The study was carried out with 138Ba, 170Er, and 152Sa as 

isotopes [71]. 

(d) Neutron activation gamma scintigraphy: The procedure incorporates a small amount of 

a stable (nonradioactive) isotope in the dosage form by mixing it with the other excipients at 

the time and site of its manufacture [72]. Properties of radionuclides employed in neutron 

activation shown in Table No. 3. 
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Table No. 3: Properties of radionuclides utilized in neutron activation based 

scintigraphy [73] 

Stable 

nuclide 

Natural 

abundance 

(%) 

Neutron 

capture 

cross-section 

(barn)* 

Radionuclide 
Half-

life 

Gamma 

energies 

Photon 

gain (%) 

Daughter 

nuclide 

138Ba 71.7 0.4 139Ba 83 min 166 22 

139La 

(stable) 

170Er 14.9 9.0 171Er 7.5 hr 

112 

124 

296 

308 

20 

9 

28 

64 

171Tm 

(T1/2=1.9

y) 

 

171Yb 

(stable) 

153Sm 26.7 210 153Sm 47 h 
97 

103 
 

153Eu 

(stable) 

*1 barn=10 -28m2 

Abbreviations: Ba = Barium, Eu = Europium, Er = Erbium, La = Lanthanum, Sm = 

Samarium, Tm = Thulium, Yb = Ytterbium  

Neutron activation offers the advantage of allowing the manufacturing process to be 

performed at the usual site, the stable isotope is converted to a radioactive isotope (making it 

appropriate for gamma scintigraphy) by a short exposure to a neutron flux. The most 

commonly used is 152Sm; in this case, 152Sm is activated to 153Sm to convert the isotope into 

gamma-emitting material [1]. Digenis et al. studied the dual-isotope imaging of neutron-

activated erbium-171 and samarium-153 and the in-vivo evaluation of a dual-labeled bilayer 

tablet by gamma scintigraphy. The results demonstrated that this dual-label procedure is 

sensitive enough to monitor simultaneously the behavior of two discrete regions of the same 

unit dose in the gastrointestinal tract of man [74]. In the case of complex dosage forms, such 

as enteric-coated tablets, labeling is best undertaken by the addition of a non-radioactive 

tracer such as a samarium-152 oxide or erbium-170 oxide followed by neutron activation of 
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the final product [75]. Brunner et al used this technique to determine the gastrointestinal 

transit of samarium-153 mesalazine pellets versus tablets in male healthy volunteers [76].  

Burke et al. developed a novel method to radiolabel gastric retentive formulation for gamma 

scintigraphy assessment. The retention of two radionuclides, indium (111In) and samarium 

(153Sm), with and without further processing to improve radiolabel performance was 

evaluated in simulated gastric pH in-vitro. The most successful formulation from in-vitro 

screening was further evaluated in preclinical and clinical studies. A simple, yet robust 

radiolabel was developed for gastric retentive formulation to be evaluated pre-clinically or in 

a clinical setting by entrapping the radionuclide in an insoluble polymer through a simple 

polymer melt process [77]. Terán et al. performed scintigraphic studies to assess the release, 

both in-vitro and in-vivo, of radiotracers from tablet formulations. Four different tracers with 

differing physicochemical characteristics were evaluated to assess their suitability as models 

for drug delivery. Two hydrophilic tracers, 99mTc-diethylenetriaminepentaacetic acid (99mTc-

DTPA), 99mTc-ethyl cysteinate dimer (99mTc-ECD) and two lipophilic tracers, 99mTc-

methylene diphosphonate (99mTc-MDP) and 99mTc-sestamibi (99mTc-MIBI) were used as drug 

models. This study demonstrated that significant differences in release patterns, depending on 

the model chosen. Careful choice of drug model, together with substantial in-vitro validation 

is essential to reduce in-vivo studies and make significant savings of human and financial 

resources [78].  
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Figure No. 3: Various radiolabelling techniques 

Before each study, radiolabelling validation measurements are carried out to show that the 

drug delivery characteristics are unaltered by the labeling process and that the radiolabel acts 

as a marker for the drug across the full range of particle size band [79, 80, 81]. Once the 

radiolabelling method has been validated, scintigraphic data can be recorded in vivo.   

Instrumentation Aspects [62, 82]: 

Gamma scintigraphy relies on the detection of radiation emitted from a radionuclide. Nuclear 

imaging is mostly conducted with planar or SPECT (single-photon emission computed 

tomography) cameras and by using radionuclides that emit gamma radiation with energies 

between 100 and 250 KeV [19]. A schematic representation of the detector of a gamma-ray 

camera is shown in Figure No. 4. The apparatus used for this detection is a gamma camera. 

Gamma camera also called a scintillation camera or Anger camera, is a device used to image 

gamma radiation emitting radioisotopes, a technique known as scintigraphy. The applications 

of scintigraphy include early drug development and nuclear medical imaging to view and 

analyze images of the human body or the distribution of medically injected, inhaled, or 

ingested radionuclides emitting gamma rays [83]. It is provided with a scintillator which 

transforms the gamma radiation into emission of light. Inorganic crystals are best suited for 

the detection of gamma rays [84]. The intensity of the light produced is proportional to the 

energy deposited in the crystal by the gamma-ray [85]. The most commonly used scintillator 

is a monocrystal of sodium iodide activated by thallium. In neutron, X-ray, and gamma-ray 
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optics, a collimator is a device that filters a stream of rays so that only those traveling parallel 

to a specified direction are allowed through. Collimators are used in neutron, X-ray, and 

gamma-ray optics because it is not yet possible to focus radiation with such short 

wavelengths into an image through the use of lenses as routine with electromagnetic radiation 

at optical or near-optical wavelengths [86]. A collimator made of lead is placed immediately 

in front of the crystal to stop any radiations arriving at an angle. Electronic circuitry is 

provided for amplifying the light signal produced in the crystal, and for quantifying the 

intensity of the incident gamma rays and locating its origin. Photomultiplier is used for this 

purpose, photomultipliers are members of the class of vacuum tubes, and more specifically 

phototubes, are extremely sensitive detectors of light in the ultraviolet, visible, and near-

infrared ranges of the electromagnetic spectrum. These detectors multiply the current 

produced by incident light by as much as 100 million times [87]. It is thus possible to 

determine the distribution of the tracer on an image formed as a matrix of pixels. This image 

is subsequently computer-processed to determine accurately the distribution of the tracer in 

the body, in the so-called ‘regions of interest’. One of the drawbacks of this method is that 

although the image has the appearance of an anatomical image, it portrays in fact phenomena 

that are pure of a physiological nature. For this reason, when evaluating a tablet that does not 

disaggregate in the gastrointestinal tract, a second tracer needs to be administered 

concomitantly in a solution, so that the contour of the tract may be outlined and the tablet 

located accurately.  

 

Figure No. 4: Pictorial representation of Gamma-ray camera 
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The camera provides two-dimensional or planar images of the distribution of radioactivity in 

the subject. The planar images, however, provide a good depiction of the position of the 

radiotracer. For this reason, radiolabeled drug delivery systems are best studied with a planar 

camera.  Often, gamma cameras are dual-headed with one camera above and one camera 

beneath the table. The camera could also be located within a large, doughnut-shaped scanner. 

Dual-headed cameras, which allow simultaneous acquisition of anterior and posterior images, 

have become more common [7]. If planar imaging cannot provide the required deposition 

details, then SPECT should be considered. SPECT is a technique for producing cross-

sectional images of radionuclide distribution in the body. This is achieved by imaging the 

organ at different angles (e.g. 64 or 128 images/1800 or 3600) using a rotating gamma-camera. 

The acquired raw data are then processed by high-speed computers [88]. Tomographic 

images produced by SPECT allow the construction of three-dimensional volume or surface-

calculated structures. The time of image acquisition is also fast because of the presence of 

more numbers of sodium iodide crystals. However, the resolution of the SPECT images is not 

as good as the planar camera.   

Gamma imaging tools are also available for imaging gamma scintigraphy e.g. Scin Cam, Scin 

Win, Scin view. 

 Scin Cam:  It is a hardware and software used to acquire images from a gamma camera. 

 Scin Win:  It helps in analyzing the images. 

 Scin View: It is used in the presentation of analyzed images [89]. 

GASTRORETENTIVE DRUG DELIVERY SYSTEMS: 

Oral administration is the most versatile, convenient, and predominant mode of drug delivery 

and is associated with superior patient compliance as compared to other modes of drug intake 

[90]. Approximately 50 % of the drug delivery systems available in the market are oral drug 

delivery systems [91]. During the past two decades, numerous oral delivery systems have 

been developed to act as drug reservoirs from which the active substance can be released over 

a defined period at a predetermined and controlled rate [92]. Drugs that are easily absorbed 

from the GIT and have a short half-life are eliminated quickly from the blood circulation. To 

overcome this problem, oral CR formulations have been developed, as these will release the 

drug slowly into the GIT and maintain a constant drug concentration in the serum for a longer 

period [93]. Gastric emptying of dosage forms is an extremely variable process and the 
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ability to prolong and control the emptying time is a valuable asset for dosage forms, which 

reside in the stomach for a longer period than conventional dosage forms. Several difficulties 

are faced in designing controlled release systems for better absorption and enhanced 

bioavailability. One of such difficulties is the inability to confine the dosage form in the 

desired area of the GIT. Drug absorption from the GIT is a complex procedure and is subject 

to many variables [94]. Scintigraphic studies determining gastric emptying rates revealed that 

orally administered CR dosage forms are subjected to two complications that of short gastric 

residence time and unpredictable gastric emptying rate. In recent years scientific and 

technological advancements have been made in the research and development of rate-

controlled oral drug delivery systems by overcoming physiological adversities, such as short 

gastric residence times (GRT) and unpredictable gastric emptying times (GET). These 

systems are known as gastroretentive drug delivery systems [95]. Poor absorption of many 

drugs in the lower GIT necessitates controlled release dosage forms to be maintained in the 

upper GI tract, particularly the stomach and upper small intestine [96, 97]. These approaches 

have gained considerable interest because they are economical and easy to deliver in 

conventional forms such as specialized tablets, capsules, powders, microspheres, granules, 

and films [2]. After oral administration, such a dosage form would be retained in the stomach 

and release the drug in a controlled and prolonged manner, so that drug could be supplied 

continuously to its absorption sites in the upper gastrointestinal tract. This mode of administration 

would best achieve the known pharmacokinetic and pharmacodynamic advantages of controlled 

release dosage form for these drugs [98]. GRDF releases medications in a controlled manner 

which extends the absorption phase of drugs characterized by a limited and narrow 

absorption window at the upper part of GIT or drugs intended to treat local ailments in the 

gastroduodenal. This mode of administration may prolong the period in which the blood drug 

concentrations are within therapeutic levels and improve therapy [97]. Thus one of the most 

feasible approaches for achieving prolonged and predictable drug delivery profiles in the GIT is 

to control the GRT, using GRDF that will provide us with new and important therapeutic options 

[99]. The need for GRDF has led to extensive efforts in both academia and industry towards the 

development of such drug delivery systems. 

Longer residence time in the stomach could be advantageous for local action in the upper part 

of the small intestine, e.g., in the treatment of peptic ulcer disease. The GRDDS extends 

significantly the period over which the drugs may be released. Thus, they not only prolong 

design intervals but also increase patient compliance. This application is especially effective 
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in the delivery of sparingly soluble and insoluble drugs [100]. In general, an appropriate 

candidate for CR GRDDS are molecules that have poor colonic absorption but are 

characterized by better absorption properties at the upper part of GIT. The first GRDDS was 

suggested by Johnson and Rowe in 1971 [101], since then several systems have been pursued 

to increase the GRT of dosage forms by employing a variety of concepts [102] i.e. floating 

dosage forms [103, 104, 105], expandable/swelling of dosage form [106, 107], sedimentation 

of pellets/high-density system [108] and mucoadhesive/bioadhesive systems [109, 110, 111]. 

Figure No. 5 represents the major approaches for gastric retention of GRDDS. 

 

Figure No. 5: Approaches for Gastric Retention 

Various advantages of gastroretentive drug delivery systems have been illustrated in the 

subsequent content: [91, 100, 112, 113, and 114]:  

 These systems are advantageous for drugs absorbed through the stomach e.g. antacids, 

antiulcer agents, etc. 

 Enhances the bioavailability and therapeutic efficacy of a drug with a narrow absorption 

window in the upper part of GIT (pahwa). 

 Acidic substances like aspirin cause irritation on the stomach wall when coming in 

contact with it. Floating formulations may be useful for the administration of aspirin and 

other similar drugs. 

 Improvement of bioavailability and therapeutic efficacy of the drugs and possible 

reduction of dose e.g. furosemide. 
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 Maintenance of constant therapeutic levels over a prolonged period and thus reduction in 

fluctuation in therapeutic levels minimizing the risk of resistance especially in case of 

antibiotics, e.g. β-lactam antibiotics (penicillins and cephalosporins). 

 Increasing GIT time thereby increasing bioavailability of sustained-release delivery 

systems indented for once-a-day administration, therefore GRDDS have the potential to 

enable many drugs to provide less frequent dosing e.g. ofloxacin. 

 Retention of the drug in the GRDDS at the stomach minimizes the amount of drug that 

reaches the colon. 

 When there is a vigorous intestinal movement and a short transit time as might occur in a 

certain type of diarrhea, poor absorption is expected. Under such circumstances, it may be 

advantageous to keep the drug in the floating condition in the stomach to get a relatively 

better response. 

 Reduced frequency of dosing for drugs with a relatively short biological half-life, 

enhancing patient compliance, and thereby improving therapy. 

 Drugs that are P-glycoprotein substrate and do not undergo oxidative metabolism, such as 

digoxin, GRDDS may elevate absorption compared to the immediate and CR dosage forms.  

SALIENT APPLICATIONS IN GASTRO RETENTIVE DRUG DELIVERY 

TECHNOLOGY: 

Gamma scintigraphy is an imaging modality that enables the scientific community worldwide 

to visualize in-vivo performance and behavior of various drug delivery systems under normal 

physiological conditions in a non-invasive manner. [115]. In the present scenario, it has 

become an established practice and is being extensively utilized by several investigators to 

monitor the concert of novel drug delivery systems within human GIT. Various researchers 

have utilized this innovative and sophisticated technology in the evaluation of gastroretentive 

drug delivery systems including raft forming agents [116-118]. Few of these findings are 

summarized in a chronological manner (Table No. 4).  
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Table No. 4: In vivo gastroretentive properties of GRDDS studied by gamma 

scintigraphy 

Author GRDF (drug) Subject In vivo scintigraphic studies 

Guan et al. 

[119] 

Gastric-resident 

osmotic pump tablet 

(famotidine) 

Beagle dogs 

It was observed that the system can 

remain in the stomach for an 

extended period of 7 h after 

administration compared with 

conventional tablets. 

Yao et al. 

[120] 

Gastro-

mucoadhesive 

delivery system 

(furosemide) 

Human 

Volunteers 

Provided evidence for the validity of 

the hypothesis that the drug fiber 

provided better gastro-mucoadhesive 

properties. 

Jain et al. 

[121] 

Concanavalin 

microspheres 

(clarithromycin) 

Albino rabbits 
The prolonged residence time of 

over 6 h. 

Ma et al. 

[122] 

Floating 

microspheres 

(diltiazem HCL) 

Human 

Volunteers 

Formulation remained and clumped 

together in one mass for 5 h until the 

end of the study period. 

Zou et al. 

[123, 124] 

Floating and 

pulsatile release 

capsule 

Human 

Volunteers 

The pulsatile release capsule 

achieved a rapid release after lag 

time in vivo, which was longer than 

that in vitro. 

Yao et al. 

[125] 

Gastro-

mucoadhesive 

delivery system 

(riboflavin) 

Human 

Volunteers 

Gamma imaging provided evidence 

for good mucoadhesive properties. 

Sonar et al. 

[126] 

 

Bilayer and floating 

bioadhesive tablets 

(rosiglitazone 

maleate) 

Human 

Volunteers 

The formulation remained in the 

stomach for approximately  8 h. 

Jain et al. 

[127] 

Floating 

microspheres 
Albino rabbits 

Administered microspheres 

remained floating and distributed in 
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(repaglinide) the stomach contents for a 6 h 

period. 

Ali et al. 

[128] 

Floating capsule 

(celecoxib) 
Albino rabbits 

An optimized hydrodynamically 

balanced system capsule was 

retained in the gastric region for a 

prolonged period. 

Ali et al. 

[129] 

Hydrodynamically 

balanced system 

(metformin) 

Albino rabbits 
The formulation remained buoyant 

during 5 h of study in rabbits. 

Badve et al. 

[130] 

Floating-pulsatile 

beads 

(diclofenac sodium) 

Albino rabbits 

Gamma scintigraphy studies 

determined on rabbits showed gastro 

retention of beads up to 5 h. 

Jain et al. 

[131] 

Floating 

microspheres 

(orlistat) 

Albino rabbits 

Optimized formulation remained 

floating and distributed in stomach 

contents for 6 h. 

Sakkinen et 

al. [132, 133, 

134] 

Mucoadhesive 

chitosan granules 

Human 

Volunteers 

Chitosan studied had exhibited 

marked mucoadhesive capacities in 

vitro; the retention at the site of 

adhesion in human GIT was 

relatively short and not sufficiently 

reproducible. 

Dhumal et 

al. [135] 

Bilayer floating 

tablets (cefuroxime 

axetil) 

Human 

Volunteers 

The floating matrix layer of the 

bilayered tablet after the 

disintegration of the immediate-

release layer was found to have a 

GRT of 6 h. 

Stops et al. 

[136] 
Floating beads 

Human 

Volunteers 

Results indicated that prolonged 

gastric retention was achieved with 

citric acid as compared to retention 

in the absence of citric acid. 

Chauhan et 

al.  [137] 

Floating granules 

(risedronate) 

Human 

Volunteers 

A study of matrices in human 

Volunteers showed that the 

formulation remained in the stomach 
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for about 6 h. 

Shimpi et al. 

[138] 

Floating granules 

(diltiazem HCL) 

Human 

Volunteer 

Formulation remained in the 

stomach for about 6 h. 

Sakkinen et 

al.  [139] 

Mucoadhesive 

microcrystalline 

chitosan granules 

Human 

Volunteers 

In vivo mucoadhesive of 

microcrystalline chitosan 

formulations are erratic, and that the 

formulations studied 

are not reliable GRDDS. 

Billa et al.  

[140] 

Xanthan gum 

matrices (diclofenac 

sodium) 

Human 

Volunteers 

Gastric emptying was delayed with 

food intake. 

Whitehead et 

al.  [141] 

Multiple-unit 

floating 

Dosage Form i.e 

freeze-Dried 

calcium alginate 

Healthy 

Volunteers 

A prolonged gastric retention time of 

over 5.5 h was achieved in all 

subjects for floating formulations. 

Washington 

et al. [142] 

Pectin containing 

anti-reflux 

formulation 

Human 

Volunteers 

Greater than 50 % of the formulation 

remained in the fundal region of the 

stomach for 3 h. 

Atyabi et al. 

[143] 

Microspheres 

fabricated by ion 

exchange resins 

Human 

Volunteers 

Showed significantly prolonged 

GRT. 

Desai et al. 

[144] 

Floating tablets 

(theophylline) 

Human 

Volunteers 

The presence of food significantly 

increased gastric retention and tablet 

density did not appear to make a 

difference in the GRT. 

Oth et al. 

[145] 

Bilayered floating 

Capsule 

Human 

Volunteers 

The average GRTs were 199±69 min 

after the succession of meals. 

Xu et al. 

[146] 

Floating Tablets 

(gentamicin sulfate) 

Human 

Volunteers 

It was shown that the gastric 

retention time of all subjects taking 

gentamicin-HBS under fed and 

fasted conditions were all over 4 h. 

Kholsa et al. Bioadhesive pellets Human The pellets emptied from the 
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[147] of polycarbophil Volunteers stomach rapidly and in an 

exponential manner. Polycarbophil 

did not retard the gastric emptying 

of pellets. 

Wilson et al. 

[148] 
Osmotic tablets 

Young and 

elderly healthy 

subjects 

The units were observed to move 

through the GIT at about the same 

rate as the release contents, arriving 

at the caecum on average 7 h after 

dosing. 

PHARMACOSCINTIGRAPHIC APPROACH:  

This advanced approach integrates gamma scintigraphy technique and pharmacokinetic data 

to assess the behavior of dosage form in subjects under investigation.  Instead of relying on 

pharmacokinetic findings alone, it is better to unite these parameters with the technique of 

gamma scintigraphy to investigate the performance of dosage forms in humans [149]. In 

practice, it is not feasible to perform blood sampling at quick succession throughout the entire 

study period, and thus the use of gamma scintigraphy is ideal as it provides the visual 

information required regarding tablet disintegration time, which can act as a trigger to begin 

pharmacokinetic blood sampling. Furthermore, scintigraphic images combined with 

pharmacokinetic data are a powerful tool in the interpretation of unusual or unexpected 

pharmacokinetic profiles, allowing identification of gastrointestinal location and behavior of 

the formulation at the time of a particular pharmacokinetic event.  

Sato et al. pharmacoscintigraphic evaluated riboflavin containing micro ballons for a floating 

controlled drug delivery system in healthy humans. The intragastric of 99mTc labeled micro 

ballons (MB) and nonfloating microspheres (NF) (control) following oral administration in 

fasted and fed humans was investigated by gamma scintigraphy. Simultaneously, the 

pharmacokinetic examination of riboflavin released from MB and NF was conducted in 

fasted and fed human subjects. MB was retained in the stomach up to 300 min compared with 

NF, which descended gradually into the lower part of the stomach within 90 min. In the 

fasted state, MB floated for approximately 60 min, after which it was removed rapidly via the 

cyclic activity referred to as the inter digestive migrating motor complex. It was concluded 

that MB is very useful for improving drug bioavailability, resulting in more sustained 

pharmacological action [150]. Goole et al. prepared sustained-release floating minitablets 
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containing levodopa and carbidopa, pharmascintigraphic, and pharmacokinetic evaluation on 

healthy human volunteers was done. The study showed that the new-sustained release 

floating mini-tablets were able to float on the surface of gastric fluid for more than 4 hours. 

They also provided a sustained pharmacokinetic profile of levodopa and carbidopa [151]. 

Cumming et al. also employed pharmacoscintigraphy to evaluate the single-dose 

pharmacokinetics, GIT, and release properties of a GABA receptor agonist from an 

endogastric therapeutic system (EGTS), in fasted and fed states in healthy volunteers. 

Gamma emitting radionuclide [153] was included in EGTS for pharmacoscintigraphic as well 

as pharmacokinetic analysis. Results suggested that the EGTS technology is an effective 

gastroretentive system for the delivery of therapeutic compounds [152]. 

Pharmacoscintigraphy studies in man can subsequently direct the oral development strategy 

of new compounds. This allows pharma to remain focused on developing oral product-

preferred route of administration for patients (scrip magazine). 

MISCELLANEOUS FACTORS AFFECTING GASTRIC RETENTION OF GRDDS 

EXPLAINED BY MEANS OF GAMMA SCINTIGRAPHY: 

Other factors that might contribute to the variation in GRT of GRDDS have been briefly 

described in the below text.  

Timmermans et al. studied the factors controlling the buoyancy and gastric retention 

capabilities of floating matrix capsules utilizing gamma scintigraphy [153]. 

Fu et al. studied on bioadhesive property of carbomer 934 using a gamma camera in the dog. 

It was concluded that, in the dog, interactions between gastrointestinal mucus layer and 

adhesive material or nonadhesive material were significantly different. Carbomer 934 had a 

stronger in vivo bioadhesive property than ethylcellulose [154]. Jackson et al. performed a 

comparative scintigraphic assessment of intragastric distribution and residence of 

cholestyramine, carbopol 934P, and sucralfate for their mucoadhesive property. Using 

gamma scintigraphy it was concluded that cholestyramine had a comparable emptying time to 

carbopol and sucralfate but greater residence and wider distribution. It could provide a 

potential mucoadhesive drug delivery system targeting the gastric mucosa for the treatment of 

conditions such as H.  pylori [155]. Kapil et al. evaluated the flow, compressive, and 

bioadhesive properties of various blends of poly (ethylene oxide). Two optimized 

formulations were subjected to gamma scintigraphy studies on Human Volunteers. Findings 

of gamma scintigraphy studies indicated a fourfold increase in the gastric retention time of 
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the optimized formulation vis-à-vis control formulation. It was also concluded that 

polyethylene oxide, in a concentration of 10-50 % (w/v) can be successfully employed in the 

manufacturing of gastroretentive tablets [156]. Harris et al. evaluated the gastric emptying 

and small intestinal transit of some potentially adhesive formulations in man by gamma 

scintigraphy. Two different capsule formulations were investigated, in combination with two 

potentially bioadhesive polymers and non-adhesive control. Small differences in oro-caecal 

transit were seen with certain combinations, but no dramatic effects on GI transit were 

observed [157]. 

Bechgaard et al. established the influence of transit time exerted by the density or diameter of 

pellets in six ileostomy subjects using gamma scintigraphy. It was reported that the diameter 

of pellets had a minor effect on gastrointestinal transit. The findings suggested the use of 

density as a means of modifying the period of absorption of controlled-release pellets [158, 

159]. 

Strusi et al. studied the floatation behavior of systems obtained by modules assembled in the 

void configuration. In-vivo studies confirmed that the in-vitro floating ability of void 

configuration was also maintained in the human stomach where the system stayed for periods 

ranging from 2.5 to 5.0 h, depending on the food regimen and the sex of the subject [160]. 

Kedzierewicz et al. evaluated peroral silicone dosage forms in humans by gamma 

scintigraphy. To achieve a constant and predictable residence time in the stomach, three 

different formulations based on known concepts such as controlled swelling were 

investigated. The mini matrices provided at least 3 h retention, slabs exhibited 4 h 40 min 

retention. For the rods, the mean residence time in the stomach was around 4 h 20 min [161].  

Agyilirah et al. compared the gastric emptying time of tablets coated with a cross-linked 

polymer that enabled them to balloon and float in gastric media with that of uncoated, non-

disintegrating tablets in both fasted and fed states, with healthy volunteers using gamma 

camera scintigraphy. In the fed state, the balloon tablets prolonged the gastric emptying time 

by an average of 6 h over that of the uncoated tablets [162]. 

Dettmar et al. investigated the effect of omeprazole pretreatment on rafts formed by reflux 

suppressant tablets containing alginate. Raft formation and gastric residence, in the presence 

of 99mTc labeled meal, were assessed by gamma scintigraphy for 3 h after alginate tablet 
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administration. Pretreatment and co-administration with omeprazole had no significant effect 

on the raft-forming ability of alginate tablets [163]. 

Above investigational studies reveal that gamma scintigraphy offers vital and valuable 

information in studying the GRT, GET, and other significant factors affecting GRDDS.  

RADIATION SAFETY: 

Gamma rays have adequate energy to pass through the human body without interactions with 

the tissues, but they can ionize atoms in tissue or cause secondary ionizations by transferring 

energy to atomic particles such as electrons. The gamma rays can induce DNA alterations by 

interfering with the genetic material of a cell. DNA double-strand breaks are generally 

considered to be the most significant mechanism by which radiation causes cancer and 

hereditary disease [164]. Like any medicine, radiopharmaceuticals are prepared with great 

care. Before they are used, they are tested carefully and approved for use by the U.S Food 

and Drug Administration. The International Commission on Radiological Protection uses 

four risk classes of clinical studies utilizing radiation [165] categorized in Table No. 5. 

Table No. 5: ICRP categories of social and corresponding societal benefits [165] 

Level of risk Risk category a 

Corresponding 

effective dose range 

(adult; mSv)b 

Level of expected 

societal benefit 

Trivial Category I (~10-6 or less) < 0.1 Minor 

Minor to moderate 
Category IIa (~10-5) 

Category IIb (~10-4) 
0.1-1 

Intermediate to 

moderate 

Moderate 
Category III (~10-3 or 

more) 
1-10 Substantial 

a Expressed as absolute risk probability (number of events/population). 

b To be kept below deterministic thresholds except for therapeutic experiments. 

Although exposure to radioactivity in very large doses can be harmful, the radioactivity in 

radiopharmaceuticals is carefully selected by the nuclear medicine physician to be safe. The 

radioactivity given to a patient does not pose any demonstrable health hazard. The amount 

given is as small as it can be to achieve clear and accurate imaging results [166]. The risk of 
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the radiation is negligible compared to the information obtained from the scan. The 

radionuclide is safe and is quickly removed from the body, usually by the kidneys. [167]. 

Neil G. Hartman studied problems encountered with radiopharmaceutical products and 

concluded that hospital pharmacists should be aware of the possibility of the, albeit rare, 

adverse effects from radiopharmaceuticals. The medicines of patients who will be receiving a 

radiopharmaceutical should be assessed to establish if there are any potential drug 

interactions [168]. 

The most biological damaging forms of gamma radiation occur in the gamma-ray window, 

between 3 and 10 MeV, with higher energy gamma rays being less harmful because the body 

is relatively transparent to them [7]. Current guidelines for radiation exposure are based upon 

the conservative assumption that there is no safe level of exposure. In other words, even the 

smallest exposure is assumed to have some probability of causing a late effect such as cancer 

or genetic damage. This assumption has led to the general philosophy of not only keeping 

exposures below recommended levels or regulatory limits, but of also maintaining all 

exposures “as low as is reasonably achievable” (ALARA) [169, 170]. This is a fundamental 

tenet of current radiation safety practice and is a regulatory requirement to be followed by all 

occupational users of radioactive materials and radiation producing devices. Annual dose 

limits of gamma radiations are shown in Table No. 6.   

Table No. 6: Annual dose limits [171] 

Abbreviation: Rems, Rontgen Equivalent Man. 

* For a research subject under 18 years of age, the radiation dose shall not exceed 10 % of the 

above-stated limits. 

Annual external dose limits Rems* 

Whole-body, active blood-forming organs, lens of the eye, and gonads 

Single-dose 

Annual total dose commitment 

 

 

3 

5 

Other organs 

 

Single-dose 

Annual total dose commitment 

 

 

5 

15 
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The International Commission on Radiological Protection (ICRP) recommended an average 

permissible whole-body radiation dose of 0.1 rem/week and 5 rem/year (radiation protection 

procedures, International Atomic Energy Agency, safety series, No. 38, pp 40-45, 1978) [14]. 

These limits still hold valid and are considered to be safe from the health point of view of the 

individuals. The level of radioactivity used in gamma scintigraphy is very low and it gives a 

radiation dose to participating subjects that are well below the maximum permissible dose. 

Hence, it can be considered that the radionuclides used in gamma scintigraphy are harmless 

at the level they are used. In case of any adverse reaction to radiopharmaceuticals, Sampson 

suggested its treatment [172]. A worldwide effort should be made to report as many cases as 

possible of adverse events and false-positive reactions with radiopharmaceuticals [173]. 

CONCLUSION AND PROSPECTS: 

Gamma scintigraphy provides a non-invasive means of acquiring in vivo information under 

normal physiological conditions. The quantity of radionuclide needed to fit into a formulation 

makes it suitable for use in a gamma scintigraphy study is minuscule and does not 

compromise the functioning characteristics of the delivery system. Scintigraphy is currently 

an effective technique that the pharmaceutical scientist has in the interpretation of the in vivo 

behavior of the gastroretentive drug delivery system. Vital information regarding the extent, 

rate, site, and mode of drug release along with morphology of drug delivery systems in 

subjects under the ethical norms can be obtained using this technique. Innovations in this 

technology have allowed the researchers with faster acquisition and better characterization of 

various radiopharmaceuticals. The reliability and reproducibility of this approach make it an 

acceptable technique worldwide with diverse advantages and applications. It is anticipated 

that continued advancements and newer applications of this imaging technique will play a 

vital role in tracking of sophisticated new generation drug delivery systems. Furthermore, the 

relevance of this highly developed technology equipped with all desired characteristics for 

effective and successful mapping of various new delivery systems would be an appropriate 

futuristic endeavor in times to come. 

REFERENCES: 

1. Wilding I.R, Coupe A.J, Davis S.S, 2001. The role of γ-scintigraphy in oral drug delivery. Adv. Drug 

Deliver. Rev. Vol. 43, 103-124. 

2. S. Jain, P. Dani, and R.K. Sharma, “Pharmacoscintigraphy: A Blazing Trail for the Evaluation of New Drugs 

and Delivery Systems,” Crit. Rev. Ther. Drug 26 (4), 373-426 (2009). 

3. Newman S. P., Hirst Peter H., Wilding Ian R. 2002. New developments in radionuclide imaging for 

assessing drug delivery in man. Eur. J. Pharm. Sci. Vol. 18, 19-22. 



www.ijppr.humanjournals.com 

Citation: Himanshu Dutt et al. Ijppr.Human, 2020; Vol. 20 (1): 512-546. 540 

4. Alpsten M., Ekenved G., and Solvell L., 1976. A profile scanning method of studying the release properties 

of different types of tablets in man. Acta. Pharm. Suec., Vol. 13 (2), 107-122. 

5. Casey D. L., Beihn R. M., Digenis G. A., Shabhu M. B., 1976. Method for monitoring hard gelatin capsule 

disintegration times in humans using external scintigraphy. J. Pharm. Sci., Vol. 65 (9), 1412-1413. 

6. Marlova J., 2008. Neutron activation based pharmacokinetic modeling of per oral controlled release drug 

delivery. Academic Dissertation, 1-53 available on 

https://oa.doria.fi/bitstream/handle/10024/37565/neutronb.pdf. Accessed on 14 Nov 2009. 

7. C. G Wilson, N. Washington, 2000. Handbook of pharmaceutical controlled release technology. In: Wise, 

D.L. (Ed.), Marcel Dekker, New York. . 551-565. 

8. Y. S. R Krishnaina, S. Satyanarayana, Y. V. Rama Prasad, 2002. In vivo evaluation of 99mTc-sulphur colloid 

as tracer in colonic drug delivery systems using gamma scintigraphy in Volunteers. J. Pharm. Sci. Vol. 5(1), 24-

28. 

9. Heald D.L., Ziemiak J.A. and Wilding I.R., The gastrointestinal transit and systemic absorption of diltiazem 

HCL from a modified-release dosage form. In: Nuclear imaging in drug discovery, development and approval. 

Birkhauser, Boston-New York, 301-320, 1993. 

10. Fell J.T. and Digenis G.A., Imaging and behavior of solid oral dosage forms in vivo. Int. J. Pharm., 22: 1-15, 

1984.  

11. Gamma rays available on http://www.epa.gov/radiation/understand/gamma.html. Accessed 29 Oct 2009.  

12. Gamma rays available on http://en.wikipedia.org/wiki/Gamma_ray. Accessed 28 dec 2009. 

13. Gamma radiation available on http://www.ndted.org/EducationResources /CommunityCollege / 

Radiography/Physics/gamma.html. Accessed 10 Oct 2009. 

14. What is gamma scintigraphy available on http://www.scintipharma.com/html 

/what_is_gamma_scintigraphy_.htm. Accessed 4 Oct 2009. 

15. Nuclear medicines available on http://en.wikipedia.org/wiki/Nuclear_medicine. Accessed on 13 Oct 2009. 

16. Griffth G. H., Owen G. M., Kirkman S. and Shields R., 1996. Measurement of rate of gastric emptying using 

chromium-51. Lancet, 1249-1245. 

17. Solomon H.F., Burns H.D., and Gibson R.E, 1990. Imaging and its application to drug delivery, Drug 

Develop. Ind. Pharm., Vol. 16(18), 2655-2673. 

18. Wang Y.X.J.,2005. Medical imaging in pharmaceutical clinical trails: what radiologist should know. Clin. 

Radiol. Vol. (60), 1051-1057. 

19. Jain N. K, 2006. Advances in controlled and novel drug delivery. CBS Publishers & Distributers, New Delhi, 

India, 104-109. 

20. Why use gamma scintigraphy available on http://www.scintipharma.com 

/html/why_use_gamma_scintigraphy_.htm. Accessed 4 Oct 2009. 

21. Gross S., and Worms D.P., 2006. Molecular imaging strategies for drug discovery and development. Vol. 

(10), 334-342. 

22. Hardy JG, Feely L, Wood E, Davis SS. The application of gamma scintigraphy for the evaluation of the 

relative spreading of suppository bases in rectal hard gelatin capsules. Int J Pharm. 1987;38:103–108.  

23. Wood E, Wilson CG, Hardy JG. The spreading of foam and solution enemas. Int J Pharm. 1985;25(2):191–

207. 

24. Singh D, Parmar J, Hegde D, Menon M, Soni P, Samad A, Gaikwad R. Poloxamer coated fluticasone 

propionate microparticles for pulmonary delivery; In vivo lung deposition and efficacy studies. Indian J Pharm 

Sci. 2007;69:714–5. 

25. Newman SP. Scintigraphic assessment of therapeutic aerosols. Crit Rev Ther Drug Carrier Syst. 1993;10:65–

109. 

26. Newman, S.P., Steed, K.P., Hooper, G., Ka¨lle´n, A., Borgstro¨m, L., 1995. Comparison of gamma 

scintigraphy and a pharmacokinetic technique for assessing pulmonary deposition of terbutaline sulphate 

delivered by pressurized metered dose inhaler. Pharm. Res. 12, 231–236. 

27. Fitzgerald P, Wilson C, Greaves J, Frier M, Hollingsbee D, Gilbert D, Richardson M. Scintigraphic 

assessment of the precorneal residence of a new ophthalmic delivery system (NODS) in man. Int J Pharm. 

1992;83(1–3):177–85. 



www.ijppr.humanjournals.com 

Citation: Himanshu Dutt et al. Ijppr.Human, 2020; Vol. 20 (1): 512-546. 541 

28. Greaves J, Wilson C, Rozier A, Grove J, Plazonnet B. Scintigraphic assessment of an ophthalmic gelling 

vehicle in man and rabbit. Curr Eye Res. 1990;9(5):415–20. 

29. A.K. Singh, N. Bhardwaj, and A. Bhatnagar, “Pharmacoscintigraphy: An Unexplored Modality in India,” 

Indian J. Pharm. Sci. 66 (1), 18-25 (2004). 

30. P.P. Hazari, G. Shukla, V. Goel et al. “Synthesis of Specific SPECT-Radiopharmaceutical for Tumor 

Imaging Based on Methionine: 99mTc-DTPA-bis-(Methionine),” Bioconjugate. Chem. 21 (2), 229-239 (2010). 

31. Nichol C.A., Yang D., Humphrey W., Ilgan S., Tansey W., Higuchi T., Zareneyrizi F., Wallance S., and 

Pdoloff D.A., 1999. Biodistribution and imaging of polyethyleneimine- A gene delivery agent. Drug Delivery. 

Vol. 6, 187-194. 

32. Pimm M.V., Perkin A.C., Duncan R., and Ulbrich K., 1993. Targeting of N-(2-

hydroxypropyl)methacrylamide co-polymer-doxorubicin conjugate to the hepatocyte galactose-receptor in mice: 

visualization and quantification by gamma scintigraphy as a basis for clinical targeting studies. Journal of Drug 

Targeting. Vol. 1, 125-131. 

33. Axelsson R., Herlin G., Baath M., Aspelin P., and Kolbeck, 2008. Role of scintigraphy with technetium-99m 

depreotide in the diagnosis and management with suspected lung cancer. 

34. Pimm M.V., Perkin A.C., Strohalm J., and Ulbrich K., Duncan R., 1996. Gamma scintigraphy of 123I-

labelled n-(2-hydroxypropyl)methacrylamide copolymer-doxorubucin conjugate containing galactosamine 

following intravenous administration to nude mice bearing hepatic human colon carcinoma. Vol. 3, 385-390. 

35. A. Pathak, P. Kumar, K. Chuttani et al. “Gene-Expression, Biodistribution, and Pharmacoscintigraphic 

Evaluation of Chondroitin Sulfate-PEI Nanoconstructs Mediated Tumor Gene Therapy,” ACS. Nano. 3 (6), 

1493-1505 (2009). 

36. D. Wang, M. Sima et al., “Pharmacokinetic and Biodistribution Studies of a Bone-Targeting Delivery 

System Based on N-(2-Hydroxypropyl)methacrylamide Copolymers,” Mol. Pharm. 3 (6), 717-725 (2006). 

37. Silverthorn , 2005. Human physiology an integrated approach. Second edition, Prentice Hall, New Jersey, 

605. 

38. Wilson K. J. W., 1992. Ross and Wilson anatomy and physiology in health and illness. Seventh Edition, 174.  

39. Vander A., Sherman J. and Luciano D. Human physiology, Eighth edition, McGraw Hill, 572. 

40. Marieb E. N. Essential of human anatomy and physiology. Eighth Edition, Pearson Education, 470.  

41. Ian R. D. and William H. A., 2005. Upper gastrointestinal surgery. Springer, London, 17. 

42. Shinde A. K Vol. 6, issue available on: www.pharmainfo.net. Accessed on 18 Nov 2009. 

43. Gangadharappa H.V, Pramod Kumar T.M and Shiva Kumar H.G, 2007. Gastric floating drug delivery 

system: A review, Ind. J. Pharm. Educ. Res. Vol. 41(4), 295-305. 

44. Wilson C.G., and Washington N., 1989. The stomach:its role in oral drug delivery. In: Rubinstein M. H, ed. 

Physiological pharmaceutical: biological barriers to drug absorption. Chichester, UK: Ellis Horwood; 1989: 47-

70. 

45. Gastroretentive dosage forms available on www.drugdeliverytech-online.com. Accessed 18 Nov 2009. 

46. Jian R., 1983. Clinical value of scintigraphy in the study of digestive tract. Gastroenterol. Clin. Biol., Vol. 7 

(8-9), 693-701. 

47. Stanghelli V., Tosettic C. and Corinaldesi R., 2000. Standards for non-invasive methods for gastrointestinal 

motility scintigraphy. A position statement from the gruppo itraliano di studio motilita apparato digerente 

(GISMAD). Dig. Liver. Dis., Vol. 32 (5), 447-452. 

48. Refluxadvice .Co. uk. available on http://www.refluxadvice.co.uk 

/disorders_of_the_oesophagus/gord/diagnosis_methods.php. Accessed 16 Oct 2009. 

49. Urbain J.L.C.P., 2006. Gastrointestinal nuclear medicine. In: Schiepers C., ed. Diagnostic Nuclear medicine. 

Springer, Germany: 127-134. 

50. Chaudhuri T.  K., 1974. Use of 99mTc-DTPA for measuring gastric emptying time. J. Nucl. Med., Vol. 15 (6), 

391-395. 

51. Kaus L. C., Fell J. T., Sharma H. and Taylor D. C., 1986. Representation of the path of non-disintegrating 

capsule in the gastrointestinal tract using external scintigraphy and computer graphics. Nucl. Med. Commun., 

Vol. 7 (8), 587-591. 

52. Harris D., Fell J.T., Sharma H.L. and Taylor D.C., 2008. Assessment of gastric emptying using gamma 

scintigraphy. J. Clin. Pharm. Ther. Vol. 12 issue 5, 343-346. 



www.ijppr.humanjournals.com 

Citation: Himanshu Dutt et al. Ijppr.Human, 2020; Vol. 20 (1): 512-546. 542 

53. Davis S. S., Hardy J. G. and Fara W. J., 1986. Transit of pharmaceutical forms through the small intestine. 

Gut., Vol. 27, 886-892. 

54. Davis S. S., Stockwell A. F., Taylor M.J., Hardy J. G., Whalley D. R., Wilson C. G., Bechgaard H., 

Christensen F. N., 1986. The effect of density on the gastric emptying of single and multiple unit dosage forms. 

Pharm. Res., Vol. 3 (4), 208-213. 

55. Madsen J. L. and Graff J., 2004. Effect of ageing on gastrointestinal motor fuction. Age. Ageing, Vol. 33 (2), 

154-159. 

56. Mojaverian P., Vlasses P., Kellner P. E. and Rocci M. L., 1988. Effects of gender, posture and age on gastric 

residence time of an indigestible solid: pharmaceutical considerations. Pharm. Res., Vol. 5 (10), 639-644. 

57. Marathe P. H., Wen Y., Norton J., Greene D. S., Barbhaiya R. H. and Wilding I. R., 2000. Effect of altered 

gastric emptying and gastrointestinal motility on metformin absorption. Brit. J. Clin. Pharmaco., Vol. 50, 325-

332. 

58. Basit A. W., Newton J. M., Short M. D., Waddington W. A., Ell P. J. and Lacey L. F., 2001. The effect of 

polyethylene glycol 400 on gastrointestinal transit: implications for the formulation of poorly-water soluble 

drugs. Pharm. Res., Vol. 18 (8), 1146-1150. 

59. Van N. M. A., Kovacs E. M., Brummer R. J., Westerter-plantenga M. S. and Brous F., 2001. The effect of 

different dosage of guar gum on gastric emptying and small intestinal transit of a consumed semisolid meal. J. 

AM. Coll. Nutr., Vol. 20 (1), 87-91. 

60. Adkin D. A., Davis S. S., Sparrow R. A., Huckle P. D.,  Phillips A. J. and Wilding I. R., 1995. The effect of 

pharmaceutical excipient on small intestinal transit. Br. J. Clin. Pharmcol., Vol. 39 (4), 381-387. 

61. Basics physics of nuclear medicines available on http://en.wikibooks.org/wiki/ 

Basic_Physics_of_Nuclear_Medicine. Accessed 10 Oct 2009. 

62. Meseguer G., R. Gurny, P. Buri, 1994. In vivo evaluation of dosage forms. Application of gamma 

scintigraphy to non-enternal routes of administration. J. Drug Target., Vol. 2, 269-288. 

63. Hunter W. W J., 1969. Stabilization of particulate suspensions with nonantigenic polyhydric alcohols: 

application to 99mTc-sulfur colloid. J. Nucl. Med., Vol. 10 (9), 607-608. 

64. Theodokaris M. C., Digenis G. A., Beihn R. M., Shambhu M. B. and Deland F. H., 1980. Rate and pattern of 

gastric emptying in humans using 99m Tc-labeled triethylene tetramine-polystyrene resin. J. Pharm. Sci., Vol. 

69 (5), 568-571. 

65. Theodorakis M. C., Groutas W. C., Whitlock T. W. and Tran K., 1982. Tc-99m-labeled polystyrene and 

cellulose macromolecules: agents for gastrointestinal scintigraphy. J. Nucl. Med. Vol. 23 (8), 693-697. 

66. Innovation in early development available on www.quotientbioresearch.com. Accessed on 2 Jan 2010. 

67. Patil J. M., Hirlekar R. S., Gide P. S. and Kadam V. J., 2006. Trends in floating drug delivery systems. J. Sci. 

Ind. Res., Vol. 65, 11-21. 

68. McDermott J. C., Scholes P. D. and Connor A. C. Radiolabelling technologies for scintigraphic evaluation of 

oral pharmaceutical dosage forms available on http://www.aapsj.org/abstracts/AM_2008/AAPS2008-

000726.PDF. Accessed on 24 Nov 2009. 

69. Digenis, G.A., Sandefer, E.P., Page, R.C., Doll, W.J., 1998. Gamma scintigraphy: An eVol.ving technology 

in pharmaceutical formulation development-Part 2. PSTT. Vol. 1(4), 100-107. 

70. Prior D. V. The role of human drug absorption studies in development pharmaceutics available on 

http://recoca.com/download /The%20Role%20of%20Human %20Drug% 

20Absorption%20Studies%20in%20Development % 20Pharmaceutics.pdf. Accessed 28 Dec 2009. 

71. Parr A. and Jay M., 2005. Radiolabelling of intact dosage forms by neutron activation: Effects on in vitro 

performance. J. Res., Vol. 4 (6), 524-526. 

72. Digenis, G.A., Sandefer, E.P., Page, R.C., Doll, W.J., 1998. Gamma scintigraphy: An evolving technology in 

pharmaceutical formulation development-Part 1. PSTT. 1, 100-107. 

73. Digenis GA, Parr AF, Jay M., 1989.Neutron activation methods for evaluation of pharmaceutical dosage 

forms. In: Drug delivery to the gastrointestinal Tract, 1st ed., Hardy J.G., Davis S.S., and Wilson C.G. (eds.), 

Chichester (UK): Ellis Horwood, 111-120. 

74. Digenis G. A., Sanderfer E. P., Beihn R. M. and Parr A. F., 1991. Dual-isotope imaging of neutron-activated 

erbium-171 and samarium-153 and the in-vivo evaluation of a dual-labeled bilayer tablet by gamma 

scintigraphy. Pharm. Res. Vol. 8 (10), 1335-1340. 



www.ijppr.humanjournals.com 

Citation: Himanshu Dutt et al. Ijppr.Human, 2020; Vol. 20 (1): 512-546. 543 

75. Davis S. S., Hardy J. G., Newman S. P. and Wilding I. R., 1992. Gamma scintigraphy in the evaluation of 

pharmaceutical dosage forms. Eur. J. Nucl. Med., Vol. 19 (11), 971-986. 

76. Brunner M., Greinwald R., Kletter K., Kvaternik H., Corrado M. E., Eichler H. G. and Muller M., 2003. 

Gastrointestinal transit and release of 5-aminosalicylic acid from 153 Sm-labelled mesalazine pellets vs. tablets 

in male healthy Volunteers. Aliment Pharmcol. Ther., Vol. 17 (9), 1163-1169. 

77. Burke M. D., Staton J. S., Vickers A. W., Peters E. E. and Coffin M. D., 2007. A novel method to radiolabel 

gastric retentive formulations for gamma scintigraphy assessment. Pharm. Res., Vol. 24 (4), 695-704. 

78. Terán M., Savio E., Paolino A and Frier M., 2005. Hydrophilic and lipophilic radiopharmaceuticals as 

tracers in pharmaceutical development: In vitro-in vivo studies available on www.biomedcentral.com. Accessed 

19 Nov 2008. 

79. Newman S.P., and Wilding I.R., 1998. Gamma scintigraphy: an in vivo technique for assessing the 

equivalence of inhaled products. Int. J. Pharm. Vol. (170), 1-9. 

80. Farr, S.J., 1996. The physicochemical basis of radiolabelling metered dose inhalers with 99mTc. J. Aerosol 

Med. 1–9, S27–S36. 

81. Newman, S.P., Steed, K.P., Reader, S.J., Hooper, G., Zierenberg, B., 1996. Efficient delivery to the lungs of 

flunisolide from a new portable hand-held multidose nebuliser. J. Pharm. Sci. 85, 960–964. 

82. General nuclear medicines available on http:// www.radiologyinfo.com. Accessed 10 Oct 2009. 

83. Gamma camera available on http://en.wikipedia.org/wiki/Gamma_camera. Accessed 13 Oct 2009. 

84. Scintillator available on http://en.wikipedia.org/wiki/Scintillator. Accessed 28 Dec 2009. 

85. Gamma spectroscopy available on http://en.wikipedia.org/wiki/Gamma_spectroscopy. Accessed 27 Dec 

2009. 

86. Collimator available on http://en.wikipedia.org/wiki/Collimator. Accessed 28 Dec 2009. 

87. Photomultiplier available on http://en.wikipedia.org/wiki/Photomultiplier. Accessed 29 Dec 2009. 

88. Chan H. K, 2002. Encyclopedia of pharmaceutical technology. Marcel Dekker, New York, 2365-2371. 

89. Gamma forge forging tools for gamma imaging available on http://gammaforge.com /.html. Accessed 12 Oct 

2009. 

90. Hoffman A., 1998. Pharmacodynamic aspects of sustained release preparation. Adv. Drug. Del.Rev. Vol. 33, 

195. 

91. Shivakumar, H.G., Gowda, D.V., Kumar, T.M.P., 2004. Floating controlled drug delivery systems for 

prolonged gastric residence: a review. Ind. J. Pharm.Vol. 38(45), 172-178. 

92. Moes A.J., 2003. Gastric retention systems for oral drug delivery. Business Briefing: Pharmatech 2003, 157-

159. 

93. Jain, S.K., Awasthi, A.M., Jain, N.K., Aggrawal, G.P., 2005. Calcium silicate based microspheres of 

repaglinide for gastroretentive floating drug delivery: Preparation and in vitro characterization. J. Control. 

Release, Vol. 107, 300-309. 

94. Arora S., Ali J., Ahuja A., Khar R. K. and Baboota S., 2005. Floating drug delivery systems: A review. 

AAPS Pharm, Sci.Tech. Vol. 47, 372-390. 

95. Singh B. N., Kim K. H., 2000. Floating drug delivery systems: An approach to oral controlled drug delivery 

via gastric retention. J. Control. Release, Vol. 63, 235-259. 

96. Moes, A.J., 2003. Gastroretentive dosage form. Crit. Rev. Ther. Drug Carrier Syst. Vol. 10, 143-195. 

97. Hwang, S.J., Park, M., Park, K., 1998. Gastric retentive drug delivery systems. Crit. Rev. Ther. Drug Carrier 

Syst. Vol. 15, 243-284. 

98. Klausner, E.A., Lavy, E., Friedman, M., Hoffman, A., 2003. Expandable gastroretentive dosage forms. J. 

Control. Release, Vol. 90, 143-162. 

99. Garg, S., Sharma, S., 2003. Gastroretentive Drug Delivery Systems. Drug Del. Tech. 160-166. 

100. Garg R. G.D Gupta, 2008. Progress in controlled gastroretentive delivery systems. Trop. J. Pharm. Res, 

Vol. 7(3), 1055-1066. 

101. Johnson, R.H.; Rowe, E.L. Medicinal Dosage Forms of Superunpolymerized Thiolated Gelatin with a 

Crosslinking Accelerating Agent Providing Slowly Released Medication from a Swollen Matrix. US Patent 

3,574,820, April 13, 1971. 

102. Vanshiv S. D., Hemant P. J., Sherje A. P., Phale S. A. A. and Dhat S. P., 2009. Gastroretentive drug 

delivery system: A review. J. Pharm. Res. Vol. 2 (12), 1879-1885. 



www.ijppr.humanjournals.com 

Citation: Himanshu Dutt et al. Ijppr.Human, 2020; Vol. 20 (1): 512-546. 544 

103. Gerogiannis, V.S., Rekkas, D.M., Dallas, P.P., Choulis, N.H., 1993. Floating and swelling characteristics of 

various excipients used in controlled release technology. Drug Dev. Ind. Pharm. 19, 1061-1081. 

104. Bardonnet P.L., Faivre V., Pugh W.J., Piffaretti J.C., Falson F., 2006. Gastroretentive dosage forms: 

Overview and special case of Helicobacter pylori. J. Control. Rel., Vol. 111, 1-18. 

105. Shah S.H, Patel J.K, Patel N.V, 2009. Stomach specific floating drug delivery system: A review. Int. J. 

Pharm. Tech. Res., Vol. 1 (3), 623-633. 

106. Parikh D.C. and Amin Avani F, 2008. In vito and in vivo techniques to assess the performance of gastro-

retentive drug delivery systems: a review. Expert Opinion. Vol. 5(9), 951-965. 

107. Waterman K.C, 2006. A critical review of gastric retentive drug delivery. Pharm. Dev. Tech., Vol. 12(8), 1-

10. 

108. Talukder, R., Fasihi, R., 2004. Gastroretentive delivery systems: a mini review. Drug Dev. Ind. Pharm. 30, 

1019-1028. 

109. Asane G.S., Nirmal S.A., Rasal K.B., Naik A.A., and M.S. Mahadik, and Rao Y.M., 2008. Polymers for 

mucoadhesive drug delivery stsyems: a current status. Drug Dev. Ind. Pharm. Vol. (34), 1246-1266. 

110. Schnurch A.B., 2005. Mucoadesive systems in oral drug delivery. Drug Discovery Today. Vol. 2(1). 

111. Wang J., Tabata Y., Bi D., and Morimoto K., 2001. Evaluation of gastric mucoadhesive properties of 

aminated gelatin microspheres. J. Control. Release. Vol. 73, 223-231. 

112. Mayavanshi A.V and Gajjar S.S, 2008. Floating drug delivery systems to increase gastric retention of 

drugs: A review. Res. J. Pharm.Tech, Vol. 1(4), 345-348. 

113. G. patel. Floating drug delivery systems: an innovative approach to prolong gastric retention available on 

www.pharmainfo.net. Accessed on 2 Dec 2009. 

114. Hoffman, A., Stepensky, D., Lavy, E., Eyal, S., Klausner, E., Friedman, M., 2004. Pharmacokinetic and 

pharmacodynamic aspects of gastroretentive dosage forms. Int. J. Pharm. 277, 141-153. 

115. Yang L., Chu J. S., Fix J. A., 2002. Colon-specific drug delivery: New approach and in vitro/in vivo 

evaluation. Int. J. Pharm. Vol. 235, 1-15. 

116. Kapadia C. J. and Mane V. B., 2007. Raft-forming agents: antireflux formulations. Drug Develop. Ind. 

Pharm., Vol. 33, 1350-1361. 

117. Malmud L. S., Charles N. D. and Littlefield J., 1979. The mode of action of alginic acid compound in the 

reduction of gastroesophageal reflux. J. Nucl. Med., Vol. 20 (10), 1023-1028. 

118. May H. A., Wilson C. G. and Hardy J. G., 1984. Monitoring radiolabelled antacid preparations in stomach. 

Int. J. Pharm., Vol. 19, 169-176.  

119. Guan J., Zhou L., Nie S., Yang T., Tang X. and Pan W., 2010. A novel gastric-resident osmotic pump 

tablet: In vitro and in vivo evaluation. Int. J. Pharm., Vol. 383 (1-2), 30-36. 

120. Yao H., Wang S., Sun Y., Liu H. and Li H., 2009. In vivo assessment of novel furosemide gastro-

mucoadhesive delivery system based on a kind of anion ion-exchange fiber. Drug Dev. Ind. Pharm., Vol. 35 (5), 

548-554. 

121. Jain S. K. and Jangdev M. S., 2009. Lectin Conjugated Gastroretentive Multiparticulate Delivery System of 

Clarithromycin for the Effective Treatment of Helicobacter pylori. Mol. Pharm., Vol. 6 (1), 295-304. 

122. Ma N., Xu L., Wang Q., Zhang X., Zhang W., Li Y., Jin L., Li S., 2008. Development and evaluation of 

new sustained-release floating microspheres. Int. J. Pharm., Vol. 358, 82-90. 

123. Zou H., Jiang X., Kong L. and Gao S., 2007. Design and gamma scintigraphic evaluation of a floating and 

pulsatile drug delivery system based on an impermeable cylinder. Chem. Pharm. Bull., Vol. 55 (4), 580-585. 

124. Zou H., Jiang X., Kong L. and Gao S., 2008. Design and evaluation of a dry coated drug delivery system 

with floating-pulsatile release. J. Pharm. Sci., Vol. 97 (1), 2008. 

125. Yao H., Xu L., Han F., Dong Y., Wei M., Guan J., Shi X. and Li S., 2008. A novel riboflavin gastro-

mucoadhesive delivery system based on ion-exchange fiber. Int. J. Pharm., Vol. 364 (1), 21-26.  

126. Sonar G.S., Jain D.K., More D.M., 2007. Preparation and in vitro evaluation of bilayer and floating 

bioadhesive tablets of rosiglitazone maleate. Asian J. Pharm. Sci., Vol. 2(4), 161-169. 

127. Jain S.K., Agrawal G.P and Jain N.K., 2007. Porous carrier based floating granular delivery system of 

repaglinide. Drug. Dev. Ind. Pharm., Vol. 33, 381-391. 

128. Ali, J., Arora, S., Ahuja, A., Babbar, A.K., Sharma, R.K., Khar, R.K., 2007. Formulation and development 

of floating capsules of celecoxib: In vitro and in vivo evaluation. AAPS Pharm. Technol., Vol. 8(4), article 119. 



www.ijppr.humanjournals.com 

Citation: Himanshu Dutt et al. Ijppr.Human, 2020; Vol. 20 (1): 512-546. 545 

129. Ali, J., Arora, S.,Ahuja A., Babbar A. K., Sharma R. K., Khar R.K. and Baboota S., 2007. Formulation and 

development of hydrodynamically balanced system for metformin: In vitro and in vivo evaluation. Eur. J. 

Pharm. Biopharm., Vol. 67 (1), 196-201. 

130. Badve S.S, Sher P, Korde A, Pawar AP. 2007. Development of hollow porous calcium pectinate beads for 

floating pulsatile drug delivery. Eur. J. Pharm. Bio. Vol. 65, 85-93. 

131. Jain S.K., Agrawal G.P and Jain N.K., 2006. Evaluation of porous carrier-based floating orlistat 

microspheres for gastric delivery. AAPS PharmSciTech., Vol. 7(4), E 1-E7. 

132. Sãkkinen M., Marvola J., Kanerva H., Lindevall K., Ahonen A., Marvola M., 2006. Are chitosan 

formulations mucoadhesive in the human small intestine: An evaluation based on gamma scintigraphy. Int. J. 

Pharm., Vol. 307, 285-291. 

133. Sãkkinen M., Marvola J., Kanerva H., Lindevall K., Lipponen M., Kekki T., Ahonen A. and Marvola M., 

2004. Gamma scintigraphic evaluation of the fate of microcrystalline chitosan granules in human stomach. Eup. 

J. Pharm. Biopharm., Vol. 57 (1), 133-143. 

134. Sãkkinen M., Tuononen T., Jurjenson H., Veski P. and Marvola M., 2003. Evaluation of microcrystalline 

chitosan for gastroretentive drug delivery. Eur. J. Pharm. Sci. Vol. 19 (5), 345-353. 

135. Dumal R. S., Rajmane S. T., Dhumal S. T. and Pawar A. P., 2006. Design and evaluation of bilayer floating 

of cefuroxime axetil for bimodal release. J. Sci. Ind. Res.  Vol. 65, 812-816. 

136. Stops F., Fell J.T, Collett J.H., Martini L.G., Sharma H.L., and Smith A.M., 2006. The use of citric acid to 

prolong the in vivo gastric-retention of a floating dosage form in the fasted state. Int. J. Pharm. Vol. (308), 8-13. 

137. Chauhan B., Shimpi S., Mahadik K.R., Paradkarh A., 2004. Preparation and evaluation of floating 

risedronate sodium Gelucire® 39/01 matices. Acta Pharm. Technol., Vol. 54, 205-214. 

138. Shimpi S., Chauhan B., Mahadik K.R., Paradkar A., 2004. Preparation and evaluation of diltiazem 

hydrochloride-gelucire 43/01 floating granules prepared by melt granulation. AAPS SciPharmTech, Vol. 5(3), 

Article 43, 1-6.   

139. Sãkkinen M., Ojala S., Jurjenson H., Veski P. and Marvola M., 2003. In vivo evaluation of matrix granules 

containing microcrystalline chitosan as gel forming excipient. Int. J. Pharm., Vol. 250 (1), 227-237. 

140. Billa N., Yuen K.H., Khader M.A.A., Omar A., 2000. Gamma-scintigraphy study of the gastrointestinal 

transit and in vivo dissolution of a controlled release diclofenac sodium formulation in xanthan gum matrices. 

Int. J. Pharm., Vol. 201, 109-120. 

141. Whitehead L., Fell J. T., Collett J. H., Sharma H. L. and Smith A. M, 1998. Floating dosage forms: an in 

vivo study demonstrating prolonged gastric retention. J. Control. Release. Vol. 55, 3-12. 

142. Washington N, Wilson C.G, Greaves J.L, Danneskiold-samsoe P., 1998. An investigation into the floating 

behavior of a pectin containg anti reflux formulation (FF5005) by means of gamma scintigraphy. Scand. J. 

Gastro. Vol. 23, 920-924. 

143. Atayabi F., Sharma H.L., Mohammad H.A.H., Fell J. T., 1996. In vivo evaluation of a novel gastric 

retentive formulation based on ion exchange resins. J. Control. Release, Vol. 42, 105-113. 

144. Desai S. and Bolton S., 1993. A floating controlled release drug delivery systems: in vitro-in vivo 

evaluation. Pharmceut. Res., Vol. 10 (9), 1321-1325. 

145. Oth M., Franz M., Timmermans J. and Möes A., 1992. The bilayer floating capsules: stomach-directed drug 

delivery systems for misoprostol. Pharmceut. Res., Vol. 9 (3), 298-302. 

146. Xu W. L., Tu X. D and Lu Z. D., 1991. Development of gentamicin sulfate sustained release tablet 

remaining-floating in stomach. Yao. Xue. Xue. Bao., Vol. 26, 541-545. 

147. Kholsa R. and Davis S. S., 1987. The effect of polycarbophil on gastric emptying of pellets. J. Pharm. 

Pharmcol., Vol. 39 (1), 47-49. 

148. Wilson C. G. and Hardy J. G., 1985. Gastrointestinal transit of an osmotic tablet drug delivery system. J. 

Pharm. Pharmcol., Vol. 37 (8), 573-575. 

149. K. Jones, “New Technology Combo Drives Once-Daily Drug Formulation” (2010). 

http://www.iptonline.com/articles/public/IPT_26_p66nonprint.pdf  

150. Sato Y., Kawashima Y., Takeuchi H., Yamamoto H., Fujibayashi Y., 2004.  Pharmacoscintigraphy 

evaluation of riboflavin containing microballons for a floating controlled drug delivery system in healthy 

human. J. Control. Release, Vol. 98, 75-85. 

http://www.iptonline.com/articles/public/IPT_26_p66nonprint.pdf


www.ijppr.humanjournals.com 

Citation: Himanshu Dutt et al. Ijppr.Human, 2020; Vol. 20 (1): 512-546. 546 

151. Goole J. Vangansbeke B., Pilcer G., Deleuze Ph., Blocklet D., Goldman S., Pandolfo M., Vanderbist F., 

Amighi K., 2008. Pharmacoscintigraphic and pharmacokinetic evaluation on healthy human volunteers or 

sustained-release floating minitablets containing levodopa and carbidopa. Int. J. Pharm. Vol. 364, 54-63. 

152. http://www.aapsj.org/abstracts/AM_2001/726.htm 

153. Timmermans J. and Moes A. J., 1994. Factors controlling the buoyancy and gastric retention capabilities of 

floating matrix capsules: New data for reconsidering the controversy. J. Pharm. Sci., Vol. 83 (1), 18-24. 

154. Fu J., Sun X., Zhang Z. R., 2002.Study on of bioadhesive property of carbomer 934 by a gamma camera in 

vivo.  World J. Gastroentero, Vol. 8(1), 176-179. 

155. Jackson S. J., Bush D. and Perkin A.C., 2001. Comparative scintigraphic assessment of the intragastric 

distribution and residence of cholestyramine, carbopol 934P and sucralfate. Int. J. Pharm., Vol. 212 (1), 55-62. 

156. Kapil R., Kapoor D. N., Dhawan S., 2009. Flow, compressive and bioadhesive properties of various blends 

of poly (ethylene oxide). Drug. Dev. Ind. Pharm. Vol. 36 (1), 45-55.  

157. Bechgaard H. and Ladefoged K., 1978. Distribution of pellets in the gastrointestinal tract. The influence on 

transit time exerted by the density or diameter of pellets. J. Pharm. Pharmacol., Vol. 30 (11), 690-692. 

158. Bechgaard H., Christensen F. N., Davis S. S., Hardy J. G., Taylor M. J., Whalley D. R. and Wilson C. G., 

1985. Gastrointestinal transit of pellets systems in ileostomy subjects and the effects of density. J. Pharm. 

Pharmcol., Vol. 37 (10), 718-721. 

159. Harris D., Fell J.T., Sharma H. L. and Taylor D. C., 1990. GI transit of potential bioadhesive formulations 

in man: a scintigraphic study. J. Control. Release., Vol. 12 (1), 45-53. 

160. Strusi O. L., Sonvica F., Bettini R., Santi P., Colombo G., Barata P., Oliveira A., Santos D. and Colombo 

P., 2008. Module assemblage technology for floating systems: In vito floatation and in vivo gastroretention. J. 

Control. Release., Vol. 129 (2), 88-92. 

161. Kedzierewicz F., Thouvenot P., Lemut J., Etienne A., Hoffman M. and Maincent P., 1999. Evaluation of 

peroral silicone dosage forms in humans by gamma-scintigraphy. J. Control. Release., Vol. 58 (2), 195-205.  

162. Agyilirah G. A., Green M., Ducret R. and Banker G. S., 1991. Evaluation of gastric retention properties of 

cross linked polymer coated tablet versus those of non-disintegration tablet. Int. J. Pharm., Vol. 75 (2-3), 241-

247. 

163. Dettmar P. W., Little S. L. and Baxter T., 2005. The effect of omeprazole pre-treatment on raft formed by 

reflux suppressant tablets containing alginate. J. Int. Med. Res., Vol. 33 (3), 301-308. 

164. Rothkamm K, Lobrich M. Misrejoining of DNA double-strand breaks in primary and transformed human 

and rodent cells: a comparison between the HPRT region and other genomic locations. Mutat Res. 

1999;433:193–205. 

165. International Commission on Radiological Protection. ICRP publication 62: radiological protection in 

biomedical research. Ann ICRP. 1993;22(3). 

166. What is nuclear medicine? Available on http://interactive.snm.org/index. Accessed 14 Oct 2009. 

167. Radionuclide (scintigraphy) available on www.imagingpathways.health.wa.gov.au /includes. Accessed 12 

Nov 2009. 

168. Hartman N. G., 2005. Radiopharmacy-problems encountered with the products. Hospital Pharmacist, Vol. 

12, 305-309. 

169. Verbruggen A, Coenen HH, Deverre J-R, Guilloteau D, Langstrom B, Salvadori PA, Halldin C. Guideline 

to regulations for radiopharmaceuticals in early phase clinical trials in the EU. Eur J Nucl Med Mol Imaging. 

2008;35(11):2144–51. 

170. Radiation safety training guide for radionuclide users available on 

www.ehs.iastate.edu/publications/manuals/radguide.pdf accessed on 12 April 2010 

171. Zolle I. Technetium-99m pharmaceuticals-preparation and quality control in nuclear medicine. Berlin 

(Germany): Springer; 2007. 

172. Sampson C.B., 1993. Adverse reactions and drug interactions with radiopharmaceuticals. Drug Saf. Vol. 8, 

280-294.  

173. Oliveira R.S., 2009. Undesirable events with radiopharmaceuticals. Tohoku J. Exp. Med. Vol. 217, 251-

257. 

http://www.aapsj.org/abstracts/AM_2001/726.htm

