
 

HYGEIA:: 
Journal for drugs and medicines 
Vol.1 (1), Sept.2009. 

 
 

 
 
 
 

 
 
ISSN 2229 3590 (ONLINE), 0975 6221(PRINT) 

www.hygeiajournal.com 



 HYGEIA :: JOURNAL FOR DRUGS AND MEDICINES ,Vol.1(1) 2009. 

• Cardiac Biomarkers 
Padmaja V, Deepu P 
 

• Evaluation of Antioxidant Activity of Root Extracts of Rubus ellipticus (Smith) 
Vadivelan P, Rajesh Kumar R , Bhadra S, Shanish A, Elango K, Suresh B 
 

• Effect of Compression Pressure on the Activity of Lipase 
Prasanth S, Tholath Emilia Abraham 
 

• Rational Prescribing of Omeprazole in a Government Hospital 
Siyad AR, Jeeva J 
 

• Design and in-vitro Evaluation of Gelatin Microspheres of Salbutamol Sulphate 
Suja C Jayan, Sandeep AV, Mohammed Rifash, Mareema CM, Shamseera S 
 

• Synthesis and Anthelmintic Activity of Benzimidazole Derivatives 
Sreena K, Ratheesh R, Rachana M, Poornima M, Shyni C 
 

• Pharmacological Evaluation of Ayurvedic Preparations for their Antidiabetic Property 
Muralidharan P, SaiSabari, Elizabeth M Abraham 
 

• Anthelmintic Activity of Seeds of Macrotyloma uniflorum 
Ansa Philip, Athul PV, Ajmal Charan, Afeefa TP 
 

• Proton Pump Inhibitors 
Swathi N, Durai Ananda Kumar T, Yuvaraj S, Subrahmanyam CVS 
 

• Solid Dispersion of Nabumetone in Ethyl Cellulose - An Approach to Enhance the Solubility and Dissolution Rate 
Prasobh GR, Mohammed Sabir Abdul Salam, Sameera Fathima Ahmed, Nooruddeen K, Jyothi B Nair, Soumya RV 
 

• Synthesis, Analysis and Antibacterial Evaluation of Pyrazole Derivative 
Yuvaraj S, Sunith DK, Ahmed Riyaz TK , Soumya EN , Biji PK, Prajitha PP 
 

• Hazards Of Cytotoxic Drugs 
Kiron SS, Saritha M 
 

• Formulation of Antioxidant Herbal Creams 
Sujith S Nair, Sirajudheen Majeed, Sapna Sankar, Jeejamol, Molly Mathew 
 

• Pharmacoeconomics: Cost of Illness Studies 
Kishore,Gnana,Sam,Kuriachan,MA,Subash,Phi 

  



Short review 

Cardiac Biomarkers

Padmaja V *, Deepu P

College of Pharmaceutical Sciences, Govt. Medical College, Kottayam  686 008

H Y G E I A

HYGEIA
Vol.1, No.1

March-Aug, 09

5

 Abstract
       Cardiac biomarkers are protein molecules released into the bloodstream from heart muscle damaged by a 
blocked artery and, these enzymes are measured to have a general idea of how much muscle damage has been 
done. They were known as cardiac enzymes, but the recently discovered and most accurate biomarker troponin 
is not an enzyme. Cardiac enzymes are used to determine a heart attack as opposed to a bad episode of 

1,2angina . New biomarkers are available, which are more specific and have a higher sensitivity in the diagnosis of 
acute coronary syndromes.
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Introduction
Historically, creatine kinase (CK) and lactate dehydrogenase 
have been used for routine clinical management. However, 
these biomarkers are not without problem. The biomarkers 
show a characteristic rise and fall pattern after a heart 
attack. It may take four hours or more after the onset of 
symptoms for the test to become abnormal and upto 24 
hours for the level to peak. Blood tests are taken from the 
patient several times.

Creatine kinase: Determination of serum levels of creatine 
kinase ( CK ) and its isoenzymes have long been used for the 
diagnosis of myocardial infarction. CK is an enzyme present 
in many parts of the body and can be fractionated into three 

4,5,6isoenzymes, viz, MM, MB and BB.

Creatine kinase MB isoenzyme: The physiological role of 
CK is to maintain an adequate store of high energy 
phosphorylated creatine, which is used to restore ATP levels 
depleted during muscle contraction. CK is composed of 2 
subunits, each with a molecular weight of 43 K Da. The three 
isoenzymes result from the pairing of two different subunits 
( B for brain and M for muscle). CK- MM predominates in the 
skeletal muscle and CK-MB is most prevalent in heart 
muscle. After myocardial infarction (MI), elevated CK-MB 
levels appear within 3- 8 hours, peaking within 9-30 hours 
and levels return to normal after 48- 72 hours.

Although CK-MB has been the gold standard for detecting 
myocardial necrosis, is does have several limitations and is 
not an ideal marker. The limitations include, it is not an early 
marker, chances of false diagnosis of AMI and lack of cardiac 

specificity. Several determinations of CK-MB enhance its 
efficiency for the diagnosis of AMI and for assessing 

7,8,9reperfusion following thrombolytic therapy. 

Myoglobin : This is a relatively small (17.8 K Da) heme 
protein that transports oxygen within the muscle cells and 
constitutes about 2% of muscle protein in both the skeletal 
and cardiac muscles. Because of its low molecular weight, 
myoglobin is rapidly released into the circulation and is the 
first marker to exhibit raising levels after an AMI. Elevated 
levels appear in circulation after 0.5-2 hours.

However, elevated levels may also be related to various 
skeletal muscle traumas and renal failure and are not 
specific for cardiac muscle injury. Several determinations 
improve the specificity. Despite the lack of cardiac 
specificity, myoglobin appears the best fir for the role of an 
early marker for AMI. As in the case of other cardiac 
biomarkers, myoglobin also serves as a useful marker for the 

10successful reperfusion following thrombolytic therapy.

Cardiac troponin (C Tn 1) : Troponin is a complex 
consisting of three single chain polypeptides : troponin -1, 
which prevents muscle contraction in the absence of 
calcium, troponin T, which connects the troponin complex 
to tropomysin and troponin C, which binds calcium. 
Together with tropomysin and under the influence of 
calcium, troponin regulates muscle contraction. After MI, 
elevated levels of cardiac muscle specific isoform C Tn 1 
levels appear within 3-6 hours. Levels peak within 14-20 
hours and return to normal after 5-7 days. Like CK-MK, it 
does not meet the criteria for an early marker. Several 



determinations of C Tn 1 are necessary, which is also useful 
for assessing reperfusion following thrombolysis. The most 
important characteristic of C Tn 1 is its apparent absolute 
cardiac specificity. Among patients with acute coronary 
syndromes, C Tn 1 levels have been reported to provide 
prognostic information useful for the early identification of 
patients with an elevated risk of unstable angina 

11,12,13,14,15progressing to AMI and death.

B- type natriuretic petide (BNP) : This is secreted primarily 
by the ventricular myocardium in response to wall stress, 
including volume expansion and pressure overload. 
Multiple studies have demonstrated that BNP may also be a 

16,17useful prognostic indicator in acute coronary syndrome.

C- reactive protein (CRP) : This is a non specific marker of 
inflammation and is considered to be directly involved in 
coronary plaque atherogenesis. Current data indicate that 
CRP is a useful prognostic indicator in patients with acute 
coronary syndrome. In combination with Tn I and BNP, CRP 

18  may be a useful adjunct.

Myeloperoxidase (MYO) : This is a leucocyte enzyme that 
generates reactant oxidant species and has been linked to 

6

prothrombotic oxidized lipid production, plaque instability, 
lipid laden soft plaque creation and vasoconstriction from 
nitrous oxide depletion. Studies have shown that elevated 
MPO levels independently predicted increased risk of major 
adverse cardiac events including myocardial infarction, 
reinfarction, need for revascularization or death at 30 days 
to 6 months. It may be a useful early marker based on its 
ability to detect plaque vulnerability that preceeds acute 
coronary syndrome. Further validation studies are needed 
to determine its specificity, sensitivity, positive predictive 

19,20value and negative predictive value.

Ischemia modified albumin (IMA):  Current cardiac 
biomarkers are markers of cell death that occurs in a cute 
myocardial infarction. A novel marker, IMA is produced 
when circulating serum albumin contacts ischemic heart 
tissues. IMA can be measured by the Albumin Cobalt 
Binding  (ACB ) assay that is based on IMA's ability to bind to 
cobalt. Based on investigations of myocardial ischemia 
induced by balloon inflation during percutaneous coronary 
intervention, IMA levels raise within minutes of transient 
ischemia, peaks within six hours  and can remain elevated 

21,22,23,24,25for as long as 12 hours.
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Abstract
The present work is targeted mainly to quantify the phenolic and flavanoid content of Rubus ellipticus root 
extracts. The quantitative analysis of data showed that, the methanol extract of Rubus ellipticus root contains 21 
to 225mg/g of gallic acid and 16 to 29mg/g of rutin. The preliminary antioxidant activity of extracts was 
screened in vitro using 2,2-Diphenyl-1-Picryl Hydrazyl (DPPH), ABTS, Hydroxyl and lipid peroxidation (LPO) free 
radical models. The methanol extract showed strong scavenging activity against free radical compared to all 
other extracts experimented.

Key words:  Antioxidant activity, Rubus ellipticus, DPPH, ABTS, Hydroxyl and Lipid peroxide radicals.

Introduction
Free radicals are chemical species, which contains one or 
more unpaired electrons due to which they are highly 
unstable and cause damage to other molecules by 
extracting electrons from them in order to attain stability. 
Currently, there is great interest in finding antioxidants 
from natural sources to minimize oxidative damage to cells. 
Oxidative damage is caused by free radicals and reactive 

1oxygen species (ROS) . Free radical induced oxidative stress, 
which involve preventive mechanisms, repair mechanisms, 

2. physical defenses and antioxidant defenses In herbal 
products, phenolic compounds have been shown to be 
good antioxidant constituents. Many polyphenolics exert 
more powerful antioxidant effect than Vitamin E in vitro and 
inhibit lipid peroxidation by chain breaking radical 

3scavenging . Recently, a great interest has been given to 
naturally occurring antioxidants, which may play important 
roles in inhibiting both free radicals and oxidative chain 

4reactions within tissues and membranes . It's commonly 
accepted that in a situation of oxidative stress, ROS such as 

- .superoxide  (O , OOH), hydroxyl (OH) and peroxide (ROO ) 
radicals are generated whose primary targets are major 
intracellular and extracellular components, protein, lipids, 

5and nucleic acids . The ROS play an important role in the 
pathogenesis of various serious diseases, such as 
neurodegenerative disorders, cancer, cardiovascular 

1,6,7  diseases, atherosclerosis, cataracts, and inflammation .
Antioxidants provide protection to living organisms from 
damage caused by uncontrolled production of ROS and the 
concomitant lipid per oxidation, protein damage and DNA 

7strand breaking .

Materials and methods
Plant material
Rubus ellipticus root was collected from the government 
horticulture garden, Ootacamund. The plant was 
authenticated by Botanical Survey of India, Medicinal Plant 
Survey and Collection Unit, Government Arts College, 
Ootacamund, Tamilnadu, India. A voucher specimen has 
been deposited for further reference at J.S.S College of 
Pharmacy herbarium, Ootacamund, India.

Chemicals 
DPPH and ABTS were obtained from Sigma- Aldrich Co., St. 
Louis, USA. Rutin and p- nitroso dimethyl aniline (p-NDA) 
were obtained from Acros Organics, NJ, USA. Ascorbic acid, 
was from SD Fine Chemicals Ltd., Mumbai, India. All 
chemicals used were of analytical grade.  

Extraction procedure 
The shade dried root was coarsely powdered and soxhleted 
with different solvents. The extracts were then 
concentrated to dryness under reduced pressure and 
controlled temperature to yield a dark brown semi solid 
consistency. The percentage yield was noted and 
tabulated. (Table:1)  

Preparation of test and standard solutions
All the extracts of Rubus ellipticus root and the standard 
antioxidants (ascorbic acid, rutin, and a-tocopherol) were 
dissolved in distilled dimethyl sulphoxide (DMSO) 
separately and used for the in vitro antioxidant assay using 
four different methods. The stock solutions were serially 

*For Correspondence: rv_sofia@rediffmail.com
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diluted with the respective solvents to obtain lower 
dilutions.

Total phenolic compounds estimation 
1 mg/ml to 0.5 mg/ml extracts were mixed separately with 2 
ml of Folin-Ciocalteu reagent and 1.6ml of sodium 
carbonate.  After shaking, it was kept for 2hr reaction time.  
The absorbance was measured at 750 nm (Shimadzu UV-
160 A Spectrophotometer, Shimadzu Corporation, Japan).  
Using gallic acid monohydrate, standard curve was 
prepared and linearity was obtained in the range of 2.5 to 
25µg/ ml. using the standard curve the total phenol content 

7of extracts was obtained . The total phenol content was 
expressed as gallic acid equivalent in mg/g or % w/w of the 

8extracts .

8,9,Total flavonoid estimation
0.5ml of the extracts was separately mixed with 1.5ml 
methanol, 0.1ml of 10% aluminum chloride, 0.1ml of 1M 
potassium acetate and 2.8ml of distilled water. After 
incubation at room temperature for 30 min, the absorbance 
of the reaction mixture was measured at 415nm with a 
Shimadzu UV-160A Spectrophotometer (Shimadzu 
Corporation, Japan). Using rutin, standard curve was 
prepared and linearity was obtained in the range of 1-10 
µg/ml. Using the standard curve the total flavonol content 
of extracts was obtained.  The total flavonol content was 
expressed as rutin equivalent in mg/g or % w/w of the 
extracts.

In vitro antioxidant activity
All the extracts were tested for their in vitro antioxidant 
activity using the standard methods. In all these methods, a 
particular concentration of the extract or standard solution 
was used which gave a final concentration of 1000- 
0.45mg/mL after all the reagents were added. Absorbance 
was measured against a blank solution containing the 
extract or standard, but without the reagents. A control test 
was performed without the extract or standards. 
Percentage scavenging and IC values ± S.E.M. (IC values is 50 50

the concentration of the sample required to inhibit 50% of 
radical) were calculated.

10,11,12DPPH radical scavenging method
The assay was carried out in a 96 well microtitre plate.  To 
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200µl of DPPH solution, 10µl of each of the test sample or 
the standard solution was added separately in wells of the 
microtitre plate.  The plates were incubated at 37°C for 20 
minutes and the absorbance of each well was measured at 
490nm, using ELISA reader against the corresponding test 
and standard blanks and the remaining DPPH was 
calculated.

ABTS radical Scavenging
12,13activity studies 

To 0.2ml of various concentrations of the extract or 
standards, 1ml of distilled DMSO and 0.16ml of ABTS 
solution were added to make a final volume of 1.36ml.  
Absorbance was measured spectrophotometrically, after 
20min at 734nm using ELISA reader. Blank is maintained 
without ABTS. IC  value obtained is the concentration of the 50

sample required to inhibit 50 %  ABTS radical mono cation.

14Scavenging of hydroxyl radical by p-NDA method
To a reaction mixture containing ferric chloride (0.1mM, 0.5 
mL), EDTA (0.1mM, 0.5mL), ascorbic acid (0.1mM, 0.5mL), 
H O  (2mM, 0.5mL) and p-NDA (0.01mM, 0.5mL) in 2 2

phosphate buffer pH 7.4 (20mM) various concentrations of 
extracts or standards (0.5mL) were added to give a final 
volume of  3mL.  Sample blank was prepared by adding
0.5mL sample and 2.5mL of phosphate buffer pH 7.4.  
Absorbance was measured at 440nm, percentage 
scavenging was calculated from the control, where no 
extract, instead DMSO was present. Ascorbic acid and rutin 
was used as reference standards in this study.

15Lipid peroxidation (LPO) inhibitory assay
The test samples (100 µl) of different concentrations were 
added to 1 ml of egg lectin mixture, control was without test 
sample.  Lipid peroxidation was induced by adding 10 µl 
FeCl  (400 mM) and 10 µl L-ascorbic acids (200 mM).  After 3

incubation for 1 hour at 37°C, the reaction was stopped by 
adding 2ml of 0.25 N HCl containing 15% TCA and 0.375% 
TBA and the reaction mixture was boiled for 15min then 
cooled, centrifuged and absorbance of the supernatant was 
measured at 532nm. a-Tocopherol was used as reference 
standards in this study.

Statistical analysis
Results are expressed as mean ± S.E.M. Comparisons among 

Petroleum ether 115 900 4.20 3.65 21 18

Chloroform 111.10 1050 3.90 3.39 130 12

Ethyl acetate 108.30 1050 2.64 2.30 70 21

n-butanol 28.20 950 69.30 60.26 150 24

Methanol 99.70 1175 8.51 7.40 225 29

Water 6.20 1000 17.28 15.03 110 16

Extraction yield of different extracts of Rubus ellipticus root

Total
volume of 
solvent (ml)

Weight of 
the crude
obtained (g)

Phenol
content
(mg/g)

Flavanoid
content
(mg/g)

Percentage
of 
Yield %

Table 1

Extracts Weighto fo
 Plant power
(g)
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the groups were tested by one-way ANOVA using Graph 
Pad Prism, Version 4.0 (Graph Pad Software, San Diego, CA, 
USA). 

Results
Total phenolic and flavonoid content
Phenolic compounds have been proved to be responsible 
for the antioxidant activity. The amounts of total phenolics, 
flavonoids in root extracts of Rubus ellipticus were measured 
in this study. These extracts were found to have various 
phenolic levels ranging from 21 to 225 mg/g of gallic acid. 
The methanol extract had the highest content of total 
phenolics, followed by the n-butanol. The lowest content 
was observed in the petroleum ether. The flavonoid 
contents were measured as rutin equivalents. These 
extracts were found to have various flavonoids ranging 
from 16 to 29 mg/g of rutin. The methanol extract had the 
highest content of total phenolics, followed by the n-
butanol. The lowest content was observed in the 
Chloroform extract.

In vitro antioxidant activity studies
Among the extracts tested, the methanol extracts had the 
strongest radical scavenging activity (IC 12.2 ± 0.90 µg/ml) 50 

while the n- butanol extract exhibited lowest radical 
scavenging activity (IC 49.5 ± 0.45 µg/ml) against DPPH 50 

radical. The methanol extracts had the strongest radical 
scavenging activity (IC 2.5 ± 0.11 µg/ml) while the ethyl 50 

acetate extract exhibited lowest radical scavenging activity 
(IC 10.9 ± 0.16 µg/ml) and petroleum ether extract was 50 

found to be inactive (IC >1000 µg/ml) against ABTS free 50 

radical. The highest ability of chelating ferrous ion was 

observed in the methanol extract (IC 203 ± 0.91 µg/ml), 50 

while the ethyl acetate extract had the lowest activity (IC50 

900 ± 1.02µg/ml) against hydroxyl radicals. The n-butanol 
extracts had the strongest radical scavenging activity (IC50 

46.7 ±1.01 µg/ml) while the chloroform extract exhibited 
lowest radical scavenging activity (IC 180.2 ± 0.12 µg/ml) in 50 

lipid peroxidation inhibitor assay.

Conclusion
The contents of phenolics in relation to antioxidant activities 
of roots extract of Rubus ellipticus were analysed. Among 
these extracts tested, the methanol extract had significantly 
higher content of total phenolics and flavonoids than other 
samples. Furthermore, all of these extracts of Rubus ellipticus 
root had antioxidant activity except petroleum ether. 
Methanol extracts exhibited quite strong antioxidant 
activity and radical scavenging activity in comparison to the 
reference compounds ascorbic acid and rutin. n- butanol 
extracts exhibited strong antioxidant activity in LPO method 
when compared with standard a-Tocopherol (IC 91.66 ± 50 

1.67 µg/ml). The above results indicated that region could 
lead to significant differences both in the content of 
bioactive compounds and their bioactivities. Rubus ellipticus 
root can be a source of plant antioxidants, with a potential 
use in gastralgia, wound healing, dysentery, ant fertility. The 
phenolics and flavonolic might be the major active 
components responsible for the strong antioxidant activity. 
However, a more detailed investigation on the individual 
phenolic compounds and flavonoid compounds present in  
Rubus ellipticus root and the antioxidants activities needs to 
be carried out.

Petrolium ether >1000 >1000 >1000 >1000
Chloroform 44.6 ± 0.27 15.4 ±0.11 >1000 180.2 ± 0.12
Ethylacetate 23.5 ±1.22 10.9 ±0.16 900 ± 1.02 77.3 ± 0.33
n-butanol 49.5 ±0.45 16.5 ± 0.09 >1000 46.7 ±1.01
Methanol 12.2 ±0.90 2.5 ± 0.11 203 ± 0.91 101.2 ± 0.12
Water 31 ± 0.01 13.6 ± 0.01 >1000 172.4 ± 0.99
Standards
Ascorbic acid 14.97 ± 0.67 11.25 ± 0.49 >1000 -
Rutin 18.91 ± 0.15 0.51 ± 0.26 233.63 ± 3.25 -

a- Tocopherol 
- - - 91.66 ± 1.67

(-) Means not done.
a-Average of three determinations.

Table 2
In vitro antioxidant activity of different solvent extracts of Rubus ellipticus root

aIC  values ± S. E. M. (µg/mL)50

ABTS p- NDA LPO
Extract

DPPH

PVadivelan  et al/ HYGEIA / Vol.1, No.1/March-Aug, 09
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Abstract
A drug utilization evaluation of Omeprazole was conducted in a 100 bed government hospital. Base line audit 
was done in selected wards of the hospital over 30 days, which identified 200 patients receiving Omeprazole. 
The main reasons for prescribing Omeprazole were prophylaxis against non-steroidal anti-inflammatory drugs 
(70%) and pain in the epigastrium (16%). In 14% of the cases, the reasons for prescribing omeprazole were due 
to duodenal and gastric ulcer. A questionnaire on omeprazole usage was developed and the responses from all 
the doctors of the hospital were obtained. Guidelines for Omeprazole usage in the hospital were formed and 
officially circulated among the doctors in the hospital. Another 30 days audit was carried out in the same wards 
where base line audit was performed during which 117 inpatients were identified to be taking Omeprazole.  
Prophylactic use of non-steriodal anti-inflammatory drugs decreased to 40%. More than 18% reduction of 
overall inpatient Omeprazole usage was noticed during the study period compared to a similar period from the 
previous year. The program brought about rational changes in Omeprazole prescribing and awareness among 
doctors regarding the cost effective usage of drugs.

Keywords: Omeprazole, Government hospital, Rational therapy, Guidelines

Introduction
Drug utilization audits are quality assurance programs to 
ensure that drugs are used safely and cost effectively. The 
nature of such audits can be quantitative, qualitative or a 
combination of both. Quantitative audits are concerned 
with quantifying various facts of drug use within a health 
care system or area or group whereas qualitative audits 
compare drug use or practice with predetermined 
standards of criteria. A drug utilization evaluation program 
incorporates both quantitative and qualitative review of 
utilization and also initials efforts to improve drug usage 
that is not consistent with the standards. 

The site of the study is a 100 bed, secondary care, non-
teaching Government Hospital (GH). The hospital has many 
medical and surgical units and provides free treatment 
including drugs to the poor patients. The hospital is also a 
site for clinical pharmacy practice and education. The state 
government has fixed budget for each government 
hospital and primary health centre in the state, specifying 
the maximum amount that can be spent on drugs and 
surgicals. The budget for GH in the financial year 2004-2005 
was sixteen lakh rupees.

Common targets for drug audit include those drugs used in 
high volume with high unit cost, highly prone for adverse 

events and interactions, with narrow therapeutic index, 
associated with a high rate of inappropriate use in clinical 
practice and those newly added to the hospital formulary. 
The drugs that were prescribed heavily and those that lead 
to major expenses in the budget for GH during the financial 
year 2004-2005 were identified from the pharmacy records.  
Antibiotics such as cefotaxime and amoxicillin accounted 
for most expensive categories, while paracetamol, 
multivitamins, vitamin–B complex and omeprazole were 
those that were prescribed heavily.

The heavy use of multivitamin and vitamin B Complex 
shows that most of GH patients suffer from malnutrition 
and anemia. Paracetamol being the least expensive and 
relatively safer analgesic – antipyretic, its extensive usage at 
GH was well justified. That leaves omeprazole which is used 
widely in most countries for a variety of identifications and 
there existed variations in the approved indications for 
omeprazole between different settings. Inappropriate use 
of omeprazole has caused unnecessary expenditure to 
hospital pharmacies in general that has been the subject of 
many drug utilization studies.

Omeprazole was one among the volume leaders in utility at 
GH during 2002-2004 and was selected as the target drug 
for our drug utilization audit. The prime objective of this 
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program was to ensure rational use of omeprazole at GH 
through a pharmacy initiated drug-prescribing audit. The 
secondary objectives included creating awareness for cost 
effective utilization of drugs in the hospital and establish 
beyond dispute the key role of a pharmacist in hospital 
quality assurance activities on drug utilization.
 
Material and Methods
Consent from GH authorities was obtained before the 
initiation of the audit. All the healthcare professionals of the 
hospital were informed about the program. Base line data 
collection was done over a period of 30 days in January, 
2005. Wards were selected in consultation with the hospital 
authorities after considering the nature of admissions to 
various wards and accessibility of data. Wards selected for 
the audit were male medical ward, female medical ward, 
and male surgical ward, female surgical ward, intensive care 
unit and intensive cardiac care unit.

Inclusion and exclusion criteria
All in-patients from the six selected wards of the hospital, 
received at least one dose of oral or parentral omeprazole 
during the study period were included in this study. 
Patients were followed up from the time of admission till 
discharge, death or end of the study period. Patients who 
are not willing to participate in this study were excluded 
from the study.

A data collection sheet was used to gather information on 
patient demography, reason for admission to the hospital, 
name of the doctor prescribing omeprazole, reason for 
prescribing, duration of therapy, reason for stopping and 
other drugs prescribed along with omeprazole.

Baseline data collection was followed by a questionnaire 
phase among the doctors of GH. Responses were collected 
from the doctors by personal visits to the office. Guidelines 
for omeprazole usage in GH were framed using data from 
standard medical text books and guide lines of other 
hospitals. These guidelines were approved by the hospital 

authorities and were officially circulated among GH 
doctors.

Another 30 days audit was done on June 2005 to assess the 
impact of these guide lines on omeprazole prescribing. The 
audit was carried out in the same wards where base line 
data was collected, following the same procedure 
omeprazole prescribing pattern to inpatients and 
outpatient was separately obtained from the central 
pharmacy. Qualitative and quantitative analysis of 
omeprazole prescribing during base line phase and post 
guide line phase was performed and compared.  

Results
A base line phase indentified 200 cases of omeprazole 
therapy out of 525 admissions to the study areas over a 
period of 30 days, where are final phase identified 117 cases 
out of 400 admissions over an equivalent period of time.

Woman accounted for nearly two third of the total study 
subjects in both the phases. Oral dosage form was 
prescribed in 84% and 60% of the cases respectively during 
base line and final phase surgeons and physicians together 
accounted for about 62% of omeprazole prescription 
during base line phase and 51% final phase. All the 15 GH 
doctors were personally met in their office to get their 
respective questionnaire filled. 75% of the doctors were of 
the opinion that omeprazole is over used in the clinical 
practice. Majority of the doctors would prescribe 
omeprazole for the patient complaints like epigastic 
tenderness (50%) pain in the upper abdomen (45%) and 
heart burn (30%) and prophylaxis with NSAIDS (65%) and 
gastric ulcer (80%). But 65% of the doctors felt that 
prophylactic use of omeprazole with short term NSAIDS 
therapy is unnecessary in the absence of evidence for 
peptic ulcer disease. The reason for omeprazole usage was 
treatment of duodenal ulcer (96%), gastric ulcer (64%) and 
prevention of upper GIT bleeding (16%) while pain in the 
epigastrium accounted only for 10% of the prescription.
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Table 1: Reason for prescribing Omeprozole (no. of cases )

 Ulcer Pain in Upper
Abdomen Gastric  Ulcer Duodenal

Ulcer 
Upper GIT
 Bleeding

Epigastric 
Tenderness

Base line 
Study  Phase 30 28 50 53 39

Post Guide
 line Phase 20 11 24 32 30

Table 2: Comparative in-patient utility of Omeprazole Tablets

January February March April May June

2004 4000 3400 3500 3900 3600 3800

2005 3400 3100 2900 2800 3200 3000

Year
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More than 18% reduction in the usages was noticed in the 
study period compared to 2004. The total hospital 
consumption of omeprazole tablets (inpatient and 
outpatient) during the study period recorded a 10% 
decrease compared to the previous year.

Discussion
The audit has shown that around 20% of the patients 
getting admitted to GH for what ever reason are being 
prescribed with omeprazole. The increased utilization 
noticed among women is likely due to the nature of the 
words selected for the audit. Surgeons and physicians were 
found to be the main prescribers of omeprazole. Their 
prescriptions were less during post guideline phase 
indicating the impact of guidelines. Personal visitors to the 
clinician’s office ensured 100% response rate to the 
questionnaire and relevant topics were discussed during 
the clinical meeting. Much stress was given to NSAIDS since 
prophylactic use of omeprozole with NSAIDS was the main 
reason for prescribing omeprozole during the baseline 
study. During the final phase, doctors showed a tendency to 
initiate omeprazole therapy only after any complaints of 
gastric irritation by the patient which gave evidence for the 
impact of the guidelines. Use of ranitidine and antacids 
were encouraged since they have better results to 
compared omeprazole for short term or acute use. 

The indications for omeprazole usage according to the 
guide lines included prophylaxis with NSAIDS, gastric ulcer, 
duodenal ulcer, epigastric tenderness. The prophylactic use 
of omeprazole with NSAIDS was indicated only to those 
patients with a history of peptic ulcer disease or those on 
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long term treatment with NSAIDS for arthritis. Qualitative 
comparison of omeprazole was difficult without 
interpretations due to poor case sheet documentation by 
the prescribers.

The total number of prescriptions for omeprazole in 
hospital during the studying period and the corresponding 
period of the previous year was obtained from the central 
pharmacy. A reduction in the number of omeprazole 
prescriptions was recorded even during the baseline phase, 
compared to the same period in the previous year. Lowest 
number of prescription of omeprazole tablets in the 
hospital is decreased from 22,200 in (January – June) 2004 
to 18,400 over the same period in 2005. This brought about 
a moderate savings of fifteen thousand rupees to the 
pharmacy. 

The guidelines were not meant to restrict the prescribing 
pattern of the doctors. Doctor had an initial apprehension 
towards the program, but once the objectives and benefits 
were made clear, their cooperation was one hundred 
precent. The drug audit of omeprazole in GH brought about 
the awareness on cost effective drug therapy among the 
health care professionals. The program had significant 
impact on rationalizing the omeprazole prescription and 
promoted cost effectiveness of drug therapy. Impact of the 
program was seen at both in-patient and out-patient 
departments. Drug utilization audits should become a part 
of pharmacy department's routine activities so that safe 
and cost effective drug therapy will be ensured.
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Abstract
A drug utilization evaluation of Omeprazole was conducted in a 100 bed government hospital. Base line audit 
was done in selected wards of the hospital over 30 days, which identified 200 patients receiving Omeprazole. 
The main reasons for prescribing Omeprazole were prophylaxis against non-steroidal anti-inflammatory drugs 
(70%) and pain in the epigastrium (16%). In 14% of the cases, the reasons for prescribing omeprazole were due 
to duodenal and gastric ulcer. A questionnaire on omeprazole usage was developed and the responses from all 
the doctors of the hospital were obtained. Guidelines for Omeprazole usage in the hospital were formed and 
officially circulated among the doctors in the hospital. Another 30 days audit was carried out in the same wards 
where base line audit was performed during which 117 inpatients were identified to be taking Omeprazole.  
Prophylactic use of non-steriodal anti-inflammatory drugs decreased to 40%. More than 18% reduction of 
overall inpatient Omeprazole usage was noticed during the study period compared to a similar period from the 
previous year. The program brought about rational changes in Omeprazole prescribing and awareness among 
doctors regarding the cost effective usage of drugs.
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Introduction
Drug utilization audits are quality assurance programs to 
ensure that drugs are used safely and cost effectively. The 
nature of such audits can be quantitative, qualitative or a 
combination of both. Quantitative audits are concerned 
with quantifying various facts of drug use within a health 
care system or area or group whereas qualitative audits 
compare drug use or practice with predetermined 
standards of criteria. A drug utilization evaluation program 
incorporates both quantitative and qualitative review of 
utilization and also initials efforts to improve drug usage 
that is not consistent with the standards. 

The site of the study is a 100 bed, secondary care, non-
teaching Government Hospital (GH). The hospital has many 
medical and surgical units and provides free treatment 
including drugs to the poor patients. The hospital is also a 
site for clinical pharmacy practice and education. The state 
government has fixed budget for each government 
hospital and primary health centre in the state, specifying 
the maximum amount that can be spent on drugs and 
surgicals. The budget for GH in the financial year 2004-2005 
was sixteen lakh rupees.

Common targets for drug audit include those drugs used in 
high volume with high unit cost, highly prone for adverse 

events and interactions, with narrow therapeutic index, 
associated with a high rate of inappropriate use in clinical 
practice and those newly added to the hospital formulary. 
The drugs that were prescribed heavily and those that lead 
to major expenses in the budget for GH during the financial 
year 2004-2005 were identified from the pharmacy records.  
Antibiotics such as cefotaxime and amoxicillin accounted 
for most expensive categories, while paracetamol, 
multivitamins, vitamin–B complex and omeprazole were 
those that were prescribed heavily.

The heavy use of multivitamin and vitamin B Complex 
shows that most of GH patients suffer from malnutrition 
and anemia. Paracetamol being the least expensive and 
relatively safer analgesic – antipyretic, its extensive usage at 
GH was well justified. That leaves omeprazole which is used 
widely in most countries for a variety of identifications and 
there existed variations in the approved indications for 
omeprazole between different settings. Inappropriate use 
of omeprazole has caused unnecessary expenditure to 
hospital pharmacies in general that has been the subject of 
many drug utilization studies.

Omeprazole was one among the volume leaders in utility at 
GH during 2002-2004 and was selected as the target drug 
for our drug utilization audit. The prime objective of this 
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program was to ensure rational use of omeprazole at GH 
through a pharmacy initiated drug-prescribing audit. The 
secondary objectives included creating awareness for cost 
effective utilization of drugs in the hospital and establish 
beyond dispute the key role of a pharmacist in hospital 
quality assurance activities on drug utilization.
 
Material and Methods
Consent from GH authorities was obtained before the 
initiation of the audit. All the healthcare professionals of the 
hospital were informed about the program. Base line data 
collection was done over a period of 30 days in January, 
2005. Wards were selected in consultation with the hospital 
authorities after considering the nature of admissions to 
various wards and accessibility of data. Wards selected for 
the audit were male medical ward, female medical ward, 
and male surgical ward, female surgical ward, intensive care 
unit and intensive cardiac care unit.

Inclusion and exclusion criteria
All in-patients from the six selected wards of the hospital, 
received at least one dose of oral or parentral omeprazole 
during the study period were included in this study. 
Patients were followed up from the time of admission till 
discharge, death or end of the study period. Patients who 
are not willing to participate in this study were excluded 
from the study.

A data collection sheet was used to gather information on 
patient demography, reason for admission to the hospital, 
name of the doctor prescribing omeprazole, reason for 
prescribing, duration of therapy, reason for stopping and 
other drugs prescribed along with omeprazole.

Baseline data collection was followed by a questionnaire 
phase among the doctors of GH. Responses were collected 
from the doctors by personal visits to the office. Guidelines 
for omeprazole usage in GH were framed using data from 
standard medical text books and guide lines of other 
hospitals. These guidelines were approved by the hospital 

authorities and were officially circulated among GH 
doctors.

Another 30 days audit was done on June 2005 to assess the 
impact of these guide lines on omeprazole prescribing. The 
audit was carried out in the same wards where base line 
data was collected, following the same procedure 
omeprazole prescribing pattern to inpatients and 
outpatient was separately obtained from the central 
pharmacy. Qualitative and quantitative analysis of 
omeprazole prescribing during base line phase and post 
guide line phase was performed and compared.  

Results
A base line phase indentified 200 cases of omeprazole 
therapy out of 525 admissions to the study areas over a 
period of 30 days, where are final phase identified 117 cases 
out of 400 admissions over an equivalent period of time.

Woman accounted for nearly two third of the total study 
subjects in both the phases. Oral dosage form was 
prescribed in 84% and 60% of the cases respectively during 
base line and final phase surgeons and physicians together 
accounted for about 62% of omeprazole prescription 
during base line phase and 51% final phase. All the 15 GH 
doctors were personally met in their office to get their 
respective questionnaire filled. 75% of the doctors were of 
the opinion that omeprazole is over used in the clinical 
practice. Majority of the doctors would prescribe 
omeprazole for the patient complaints like epigastic 
tenderness (50%) pain in the upper abdomen (45%) and 
heart burn (30%) and prophylaxis with NSAIDS (65%) and 
gastric ulcer (80%). But 65% of the doctors felt that 
prophylactic use of omeprazole with short term NSAIDS 
therapy is unnecessary in the absence of evidence for 
peptic ulcer disease. The reason for omeprazole usage was 
treatment of duodenal ulcer (96%), gastric ulcer (64%) and 
prevention of upper GIT bleeding (16%) while pain in the 
epigastrium accounted only for 10% of the prescription.
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More than 18% reduction in the usages was noticed in the 
study period compared to 2004. The total hospital 
consumption of omeprazole tablets (inpatient and 
outpatient) during the study period recorded a 10% 
decrease compared to the previous year.

Discussion
The audit has shown that around 20% of the patients 
getting admitted to GH for what ever reason are being 
prescribed with omeprazole. The increased utilization 
noticed among women is likely due to the nature of the 
words selected for the audit. Surgeons and physicians were 
found to be the main prescribers of omeprazole. Their 
prescriptions were less during post guideline phase 
indicating the impact of guidelines. Personal visitors to the 
clinician’s office ensured 100% response rate to the 
questionnaire and relevant topics were discussed during 
the clinical meeting. Much stress was given to NSAIDS since 
prophylactic use of omeprozole with NSAIDS was the main 
reason for prescribing omeprozole during the baseline 
study. During the final phase, doctors showed a tendency to 
initiate omeprazole therapy only after any complaints of 
gastric irritation by the patient which gave evidence for the 
impact of the guidelines. Use of ranitidine and antacids 
were encouraged since they have better results to 
compared omeprazole for short term or acute use. 

The indications for omeprazole usage according to the 
guide lines included prophylaxis with NSAIDS, gastric ulcer, 
duodenal ulcer, epigastric tenderness. The prophylactic use 
of omeprazole with NSAIDS was indicated only to those 
patients with a history of peptic ulcer disease or those on 
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long term treatment with NSAIDS for arthritis. Qualitative 
comparison of omeprazole was difficult without 
interpretations due to poor case sheet documentation by 
the prescribers.

The total number of prescriptions for omeprazole in 
hospital during the studying period and the corresponding 
period of the previous year was obtained from the central 
pharmacy. A reduction in the number of omeprazole 
prescriptions was recorded even during the baseline phase, 
compared to the same period in the previous year. Lowest 
number of prescription of omeprazole tablets in the 
hospital is decreased from 22,200 in (January – June) 2004 
to 18,400 over the same period in 2005. This brought about 
a moderate savings of fifteen thousand rupees to the 
pharmacy. 

The guidelines were not meant to restrict the prescribing 
pattern of the doctors. Doctor had an initial apprehension 
towards the program, but once the objectives and benefits 
were made clear, their cooperation was one hundred 
precent. The drug audit of omeprazole in GH brought about 
the awareness on cost effective drug therapy among the 
health care professionals. The program had significant 
impact on rationalizing the omeprazole prescription and 
promoted cost effectiveness of drug therapy. Impact of the 
program was seen at both in-patient and out-patient 
departments. Drug utilization audits should become a part 
of pharmacy department's routine activities so that safe 
and cost effective drug therapy will be ensured.
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Abstract
In the present study, gelatin microspheres containing Salbutamol sulphate were prepared by coacervation 
phase separation method and characterized by optical microscopy and scanning electron microscopy. The 
microspheres were analyzed for drug entrapment, and in vitro release pattern. The different batches of 
microspheres were prepared by altering drug : polymer ratio and cross linking with glutaraldehyde The size of 
microspheres was in the range of 5.6m- 22.4 m and the average diameter was found to be 12.34 m. They were 
spherical in shape as evidenced by scanning electron microscopic photographs. The percent drug entrapment 
was up to 80% and they could sustain drug release over a period of 8 ½ hours.

Keywords: Salbutamol sulphate, microspheres, gelatin, glutaraldehyde.

Introduction
Micro encapsulation is a process by which solids, liquids, or 
even gases may be encapsulated in to microscopic size 
particles through the formation of thin coatings of “wall” 
material around the substance being encapsulated. 
Microspheres are usually solid, approximately spherical 
particles with size varies from 50nm to 2mm containing a 
core substance (dispersed drug). Microspheres serve as a 
carrier for the drug. Microspheres consist of a 
biodegradable carrier in which drug is entrapped. Drug 
release from microsphere is controlled by dissolution and 
by diffusion of drug through the microsphere matrix or the 
microcapsule wall.

Salbutamol sulphate is a short acting b – adrenergic 2 

agonist with more bronchodilatory b effectand less cardiac 2  

stimulatory b effect and useful in the treatment of 1 

bronchial asthma. Salbutamol sulphate is readily absorbed 
from gastrointestinal tract. The plasma half-life of 
Salbutamol sulphate varies from 2 to 7 hours. In the 
treatment of asthma, it is given in the dose of 2-4mg, three 

1to four times a day orally . Gelatin is proteinaceous 
biodegradable polymer obtained from partial hydrolysis of 
the collagen derived from skin, connective tissues and 
bones of animals. Gelatin microspheres are prepared by 
cross-linking gelatin in water in oil emulsion with 
glutaraldehyde by coacervation phase separation method. 
The shape of the microspheres prepared by this method is 

2spherical.  The aim of this work was to prepare sustained 
release microcapsules of Salbutamol sulphate by Thermal 

Change method and evaluation of the prepared 
3microcapsules .

Materials and Methods
Salbutamol sulphate IP was a gift sample from Cabstab 
Pharma, Cochin, Kerala, Gelatin [E. Merck (India) Limited, 
Mumbai], Glutaraldehyde [Merck Specialities Private 
Limited, Mumbai] and Sunflower oil of food grade was 
purchased from local market. All other reagents were of 
analytical grade. Magnetic stirrer [Rolex], UV-1700 
Pharmaspec, UV-Spectrophotometer SHIMADZU, Double 
Beam UV-Visible Spectrophotometer [ELICO SL164], 
Microscope [Olympus OIC], and Dissolution apparatus 
[Electrolab Tablet Dissolution Tester Model No.TDT-06T] 
were the equipments used in this study.

Preparation of Gelatin Microspheres
Containing Salbutamol Sulphate
Gelatin microspheres containing Salbutamol sulphate were 
prepared by coacervation phase separation method 
utilizing temperature change. Gelatin was dissolved in 

0 10ml water previously heated to 50 C. The drug was 
dispersed with stirring in this solution and the dispersion 
was then poured drop wise in to the oil phase, which was 

0 also heated to 50 C. the oil phase contained 0.5ml Span 20, 
which acted as an emulsifier. The mixture was stirred for 
5minute to ensure uniform dispersion. The temperature of 

0 the system was lowered down to 10 C by placing in ice bath 
with continuous stirring to effect phase separation. The 

0 dispersion was stirred for 1.5 hours in ice bath at 10 C. At the 
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end of first hour, 1.5ml of Glutaraldehyde was added to the 
dispersion and stirring continued for next 30 minutes. After 
1.5 hours, stirring was stopped; beaker was covered and 

0 refrigerated at 0 C for 2 hours to ensure rigidisation of 
microspheres. After 2 hours, beaker was removed and slurry 
was filtered. Microspheres collected were washed with ice-
cold acetone to make the free of oil. The solvent also acted 
as hardening agent. The washed microspheres were then 
collected and stored in a desiccator until used for further 

3,4  studies .

Characterization of Prepared Microspheres:

Particle size analysis
The sample of prepared microspheres was randomly 
selected and their size was determined using an optical 
microscope.

Scanning electron microscopy 
Scanning electron microscopy was carried out to study the 
shape of the microspheres and micrographs were also 
taken.

Percentage entrapment of Salbutamol sulphate in 
microsphere:
50mg of the microspheres was digested in 50ml 0.1M 
Hydrochloric acid. The suspension was then warmed for 5 
minutes. It was then cooled to room temperature and 
filtered. Suitable dilution of the filtrate was prepared and 
the solution was analyzed at 276nm to determine amount 

of Salbutamol sulphate entrapped in microspheres.

In vitro release study
The in-vitro dissolution studies was carried out using 
Dissolution apparatus [Electrolab Tablet Dissolution Tester 
Model No.TDT-06T] in simulated gastro intestinal fluid of pH 
1.2 up to 2hours, in pH 5.6 up to 2-3 hours, in pH 6.8 up to 3-5 
hours and in pH 7.4 up to 5-10 hours. A sample of 
microspheres equivalent to 15mg of Salbutamol sulphate 
was taken in a hard gelatin capsules. The dissolution 
medium was maintained at 37 ± 2°C. The shaft of the 
apparatus to which the basket is fixed was rotated at a 
speed of 100rpm. 5ml samples were withdrawn periodically 
at intervals of half an hour and same volume of fresh 
medium was replaced into the beaker. The dissolution was 
carried out for a period of 10 hours. The percent of drug 
released at various time intervals was calculated and 
plotted against time.

Results and Discussion
Particle size analysis
The size of microspheres ranged between 5.6µm to 22.4 µm 
with an average diameter of 12.34 µm.

Scanning electron microscopy:
The shape of the prepared microspheres was spherical, 
surface shows roughness due to the presence of drug 
particles on the surface as evidenced from the 
photomicrograph 
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 Scanning Electron Micrographs of Gelatin Microspheres of Salbutamol sulphate
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Percentage entrapment of Salbutamol sulphate in microsphere:
It was found that percent entrapment of Salbutamol sulphate was between 75% – 80% depending on the drug: carrier ratio 
(Table. I).

0.25:1

0.5:1

1:1

Drug to carrier ratio (*)Percentage yield 

70

85

79

* Average of 3 preparations.

In vitro release study
The release of Salbutamol sulphate from the microspheres 
was only 6.2% -19.6% at pH 1.2 for 2 hours. At pH 5.6 there 
was a slight increase in the release i.e., 26.53%-28% for a 
period of 1 hour. The release was found to be significant at 
pH 6.8 i.e., 32.27% - 57.53% for 2 hours followed by pH 7.4 
i.e., 62.4%-96%. The maximum concentration of Salbutamol 
sulphate was released from the microsphere and marketed 

sustained release product at 8 ½ hours.

The release pattern of the microspheres of Salbutamol 
sulphate was found to be comparable with the release 
pattern of marketed sustained release product [Plate -II].

Salbutamol sulphate is released from the microspheres at 
3,4,5,6 a constant rate following zero order pattern .
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Conclusion
Gelatin micro spheres of Salbutamol sulphate of 0.5:1 drug 
to carrier ratio sustained the release of drug appreciably. 
The drug release from the microspheres is at constant rate 
i.e., zero-order release. The results of the dissolution studies 
of Salbutamol sulphate microspheres are more 
encouraging since the release property is almost similar to 
the marketed sustained release product.

This method of preparation of gelatin microspheres is 
found to be simple and reproducible and gelatin that is 

used as the carrier is biocompatible, easily available and the 
gelatin microspheres being susceptible to the macrophage 
recognition can be used as the carrier. Thus, encapsulation 
with gelatin by coacervation phase separation with 
temperature change and cross-linking with glutaraldehyde 
was able to sustain the drug release effectively. 

Acknowledgement
We sincerely thank Cabstab Pharma, Cochin, Kerala, for 
providing us Salbutamol Sulphate pure sample and all 
those who helped us in carrying out this project.

References
 th 1. Satoskar RS, Bhandakar SP, Nirmal NR, Pharmacology and Pharmacotherapeutics. 19 edn (2005): 354-357.

st2.  Vyas P, Khar RK, Targeted and Controlled Drug Delivery - Novel Carrier Systems, 1  edn. (2002): 417-457.
3.  Upadhye K, Bakhle S, Dixit G, Wadetwar R, Deshpande S, Nagulwar V, Indian Drugs, 2004, 41[11]: 665-669.
4.  Palanichamy C, Priyadasini R, Kowsalya R, Kumar SS, Indian Drugs, 2006,43(2): 96-98.
 5. Brahmankar DM, Sunil, BioPharmaceutics and Pharmacokinetics A Treatise: 335-371.

 th6.  Alfred Martin, Physical Pharmacy, 4  ed., (2002): 3-452.



H Y G E I A

HYGEIA
Vol.1, No.1

March-Aug, 09

21

Abstract

Keywords:  

           In this study we had synthesized some Benzimidazole derivatives and screened for their anthelminitic 
activity.  o-Phenylenediamine was condensed with acids in presence of Polyphosphoric acid and solvents like 
water and dilute hydrochloric acid. The presence of specific functional group were analysed by IR spectroscopy. 
The determination of structure for the synthesized compounds by NMR and Mass spectroscopy is in progress. 
All the synthesized compounds showed significant anthelmintic activity.

Benzimidazole, Anthelminitic,  o-Phenylenediamine
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Synthesis and Anthelmintic Activity of 
Benzimidazole Derivatives 
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Introduction
           Benzimidazole and their derivatives were reported to 
have wide biological activities like antitumor, antiviral, 
antifungal,  antioxidant,  antiulcer,  antiamoebic,  
antihistaminic, anthelmintic and anti hypertensive activity. 
Various substituted benzimidazole was synthesized in the 
presence of different solvents and catalytic agents had 
been reported. In the present investigation, we reported 
the synthesis of 2-alkyl and aryl substituted benzimidazole 
derivatives in the presence of ring closing agents eg: (poly 
phosphoric acid and other solvents) and the synthesized 
compounds were screened for their anthelmintic activity. 

Materials and Methods
All the chemicals and solvents used for this work were 
obtained from E. Merck Ltd., Mumbai and Loba Chemie Pvt. 
Ltd. The reagents were of analytical grade purity.  Melting 
points of the synthesized compounds were determined in 
open capillary tubes using ROLEX melting point apparatus 
expressed in ºC and were uncorrected. Silica gel chromato 
plates were used for TLC and the solvent systems were ethyl 
acetate: n-hexane (7:3) for compound 1 and ethyl acetate: n-
hexane (7:2) for compounds 2,3,4,. The purity of the 
compounds was checked by TLC and the spots were 
visualized by iodine vapours. IR absorption spectra were 

recorded on FTIR- 8400 S Shimadzu spectrophotometer 
using potassium bromide pellets and were expressed in

 -1cm . The synthesis of compounds were carried according 
to the scheme - I.

6Synthesis of 2-methylbenzimidazole
A mixture of 5.43g (0.03 mol) of o-phenylenediamine 
dihydrochloride, 20 ml of water and 5.4g (0.09 mol) of acetic 
acid was refluxed for 45 minutes. Then the reaction mixture 
was poured over crushed ice with stirring. The cooled 
mixture was made basic by the gradual addition of 
concentrated ammonia solution. The precipitated product 
was then filtered and recrystallised from 10% aqueous 

0ethanol, yield: 50%, m.pt: 177-180 C, Rfvalue: 0.469, IR (KBr)  
-1cm :3295.16(N-H), 1500.15(C=C), 1593.09(C=N), 752.19(C-

H), 1248.82(C-N), 1156.25(CH ).3

Synthesis of 2-benzylbenzimidazole
A mixture of 5.43g (0.03 mol) of o-phenylenediamine 
dihydrochloride, 20 ml of water and 12.3g (0.09 mol) of 
phenyl acetic acid was refluxed for 45 minutes. Then the 
reaction mixture was poured over crushed ice with stirring. 
The cooled mixture was made basic by the gradual addition 
of concentrated ammonia solution. The precipitated 
product was then filtered and recrystallised from 40% 

0aqueous ethanol, yield: 48% m.pt: 235-236 C, Rf value:  
-10.315, IR (KBr)cm :3416.66 (N-H),1486.05 (C=C),1645.17 

(C=N), 1185.18  (C-N), 857.30  (Ar-H), 2884.35 (CH ).2

Synthesis of 2-phenylbenzimidazole
A mixture of 6g o-Phenylenediamine, 6g of benzoic acid 
and 25ml of 4N dilute hydrochloric acid was refluxed for 2 
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0hours at 180-185 c. The reaction mixture was cooled and 
poured on to the crushed ice. Then the product was filtered 
and washed with water. The product was recrystallised in 

0boiled water using charcoal, yield: 33.58%, m.p.: 238-239 C, 
-1R value: 0.272, IR (KBr) cm :3062.75 (N-H), 1454.23 (C=C), f 

1584.41 (C=N), 1128.28 (C-N), 934.45 (C-H)

Synthesis of 2-(4-amino phenyl) benzimidazole
A mixture of Para amino benzoic acid (4.5g, 33 mM) and
o-Phenylenediamine (3.8g, 34 mM) were stirred in a syrupy 
phosphoric acid (45ml) at 200 c for 2 hours. The reaction 
mixture was cooled and poured on to the crushed ice. The 
bulky white precipitate obtained was stirred in cold water 
(400 ml) and sodium hydroxide solution (5M) was added 
until the pH 7. The resulting solid was filtered and   
recrystallised from methanol, yield: 56.55%, m. p: 248-

0 -1250 C, R value: 0.250, IR (KBr) cm :3327.94 (N-H), 3461.08 f

(NH ), 1530.41(C=C), 1621.06 (C=N), 1193.85 (C-N), 894.91   2

(Ar-H).

7,8Anthelmintic activity
The anthelmintic activity was evaluated on adult Indian 
earth worm Pheretima posthuma due to its anatomical 
resemblance with the intestinal roundworm parasites of 

human beings. The activity was carried out using Mathew et 
al method. Four groups of Indian earth worms each 
containing six earthworms approximately of equal size was 
used for the study. Each group of earth worms were treated 
with vehicle (1% CMC), synthesized compounds (10, 
50,100mg/ml conc.) and piperazine citrate (15mg/ml). 

Observations were made for the time taken for paralysis and 
death of individual worms (Table 1). Paralysis was said to 
occur when the worms do not revive even in normal saline. 
Death was concluded when the worms lost their motility, 
followed with fading away of their body colour. 
                      
Results and Discussion
All the synthesized compounds showed significant 
anthelmintic activity. Among the synthesized compounds 
2-phenylbenzimidazole showed potential anthelminitic 
activity 0.931±0.231 & 1.317±0.149 minutes for paralysis 
and death respectively when compared with the standard 
piperazine citrate. The synthesized compounds were 
analyzed mainly by IR spectral reading, physical and 
chromatography readings. Further analysis of structure by 
NMR, Mass spectroscopy is required to interpret the 
synthesized compounds.  
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Anthelmintic activity of Benzimidazole Derivatives

Sl.No.

1

2

Parameters

Time
taken for
paralysis

in minutes

Time
taken for
death in
minutes

Concentration
mg/ml

100

50

10

15

100

50

10

15

2-methyl
benzimidazole

1.59+0.117

3.88+0.430

11.56+0.429

2.08+0.314

4.52+0.114

12.01+0.526

1.87+0.291

3.98+0.48

10.98+0.99

2.81+0.284

4.23+0.59

11.74+0.989

2-benzyl
benzimidazole

2-phenyl
benzimidazole

2-(4-amino
phenyl) benzimidazole

Piperazine
Citrate

0.931+0.231

31.125+0.304

12.30+0.5762

1.79+0.445

4.01+0.339

10.86+0.115

41.53+0.52

1.317+0.149 2.11+0.430

4.575+0.304 4.82+0.515

13.50+0.6614 11.44+0.693

45.+0.36



Abstract
Adult albino rats (150-250 gms) injected with alloxan (15mg/kg i.p.) were divided into four groups of 

six each. One group served as control, second group treated with Pramehaoushadhi Choornam (1 gm/kg),  
third group treated with Nishakathakathadhi Choornam (1gm/kg) and fourth group was treated with 
Glibenclamide . All the animals were fasted for 18 hours before administering the drugs. Blood glucose level was 

st nd th th thestimated at intervals of 1 , 2 , 4  8  and 12  hours. At the end of the study, Nishakathakathadhi Choornam 
showed more effacious response against alloxan-induced diabetes mellitus when compared to 
Pramehaoushadhi Choornam.

Keywords:  Nishakathakathadhi Choornam (NKKC),    Pramehaoushadhi 
Choornam (PRAM). 

Antidiabetic, Ayurvedic preparation, 
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Introduction
1Diabetes  is a disorder of biochemical reactions that are 

necessary for proper utilization of carbohydrates, fats and 
proteins from the diet along with inadequate or lack of 
insulin. Insulin is a hormone produced in the pancreas to 
regulate the amount of blood sugar in the body. Currently 
there are 5 types of medical treatment prevalent in the 
country. They are treating diabetes with Allopathic, 
Ayurvedic, Homoeopathic, Naturopathic and Unani drugs. 
Besides these drugs, more importance is now given to Yoga 
and exercise in a regular nature coupled with a dietary 
regimen. In this dissertation, Ayurvedic preparations such 
as choornas were employed for the antidiabetic study. 
Nowadays, Ayurveda is becoming more popular because it 
has proven more efficacious in the therapy of diabetes.  In 
order to substantiate the evidence of fact, and to counteract 
the adverse effects of Allopathic drugs, Ayurvedic 
preparations were selected for the study. 

3,4,5Materials and Methods
Twenty four healthy albino rats were selected and weighed. 
They are of either sex. They are divided into four groups. 
Each group comprising of 6 rats were kept in separate cages. 
All rats were subjected to 18 hours of fasting. Only water 
was given to them during the 18 hours of fasting.

First group rats served as the control, that is, those group 
were given water only, second group of rats were given 
pramahoushadhi Choornam in the dose of 1 gm/Kg body 
weight. Third group of rats were given Nishakathakathadhi 
Choornam (NKKC) in the dose of 1gm/Kg body weight. 

Fourth group of rats is given Glibenclamide in the dose of 
0.36mg/Kg body weight which serves as the standard. 

stBlood glucose level of the rats were tested at intervals of 1 , 
nd th th th2 , 4 , 8 , 12  hours. The rats in the Group II were given 

Pramehoushadhi Choornam (PRAM) is compared with 
Group IV, that is, glibenclamide standard with view to assess 
and ascertain the levels of glucose in the blood of rats.

A similar comparative study was also made in the case of rats 
in Group III, which were given Nishakathakathadhi 
Choornam with those of Group IV, which were administered 
by the standard drug.

Discussion
The rats in the first group were fully diabetic after induced 
with alloxan and being fed normally with food; the 
percentage of glucose level in their blood was 500mg/dl.

The second group of rats, after being induced diabetic with 
alloxan, feeding normally, had blood glucose level of 
470.17mg/dl which was lower than the initial blood glucose 
level at 241.17mg/dl when they were given the Ayurvedic 
formulation drug Pramahoushadhi Choornam. It indicates 
that Pramahoushadhi Choornam is favourable in reducing 
the blood glucose level by 229mg/dl.

In the case of the third group of rats, the result proved to 
more efficient. They were given the Ayurvedic formulation 
drug Nishakathakathadhi Choornam after induction of 
diabetes and feeding. Their initial blood glucose level was 
524.5mg/dl and is reduced to 161.17mg/dl which is almost 

Pharmacological Evaluation of Ayurvedic Preparation
for their Antidiabetic Property
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n=5   ANOVA,   **P < 0.01, *P < 0.1 
PRAM  Pramehaoushadhi        NKKC - Nishakathakathadhi Choornam

Table-1

Determination of blood glucose level in normal fasting rats before and after drug treatment

Groups Drugs Dose

Fasting blood
sugar level

before drug
administration 

(mg/100ml)
(mean+S.E.M)

Blood sugar level
2 hrs after drug
administration 

(mg/100ml)
(mean+S.E.M)

Reduction in
Blood sugar

level
(mg/100ml)

II

III

IV

PRAM

NKKC

Glibenclamide

1gm/kg

1gm/kg

0.36mg/kg

65.2 + 0.65

65.2 + 1.04

63.6 + 1.23

64.0 + 0.82*

63.8 + 0.50**

63.2 +0.70

I Solvent 1gm/kg 68.6 + 2.26 68.4 + 2.32 0.2

1.2

1.4

0.4

Table- 2

n=5, ANOVA TEST,        **P < 0.01, *P < 0.1 
PRAM – Pramehaoushadhi     NKKC - Nishakathakathadhi Choornam

The Hypoglycemic Activity of Pramehaoushadhi, Nishakathakathadhi Choornam and
Glibenclamide in Alloxan Induced Diabetic Rats

Groups Drugs Dose Normal
al rats
mg/dl

After drug treatment (mg/dl) in hours

(mean + S.E.M)

I

II

III

IV

Alloxan  + water

PRAM

NKKC

Glibenclamide

1 gm/kg

1 gm/kg

1 gm/kg

0.36mg/

kg

75

+ 0.36

74

+ 0.26

+ 0.43

74.5 524.5

74

+ 0.437 + 0.31

468.17

+ 0.98

470.17

+ 0.48

+ 0.21

478.67 486.33

359.17

+ 0.21

+ 0.48

472.67 238.17

+ 0.98 + 0.60

+ 0.48

458.17

500.67

+ 0.33

249

+ 0.37

283.5

+ 0.56 + 0.92

304.5 354

+ 1.15

161.17

+ 0.61**

293.17

+ 0.71

241.17

+ 0.37* + 1

246.83

499.17

+ 0.31

498.83

+ 0.31

Ist 2nd 4th 8th 12th
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the normal blood glucose level. It points out that 
Nishakathakathadhi Choornam is more efficacious than 
Pramehaoushadhi Choornam in treating diabetes.

Finally, the IV Group of rats were examined by giving the 
standard drug Glibenclamide after inducing diabetes with 
Alloxan and feeding with normal food as in the cases of the 
rats in the II and III groups. The blood glucose level in the IV 

group rats were 283.5mg/dl after giving Glibenclamide. It 
showed an increase by 42.33 mg/dl from that of the 
Nishakathakathadhi level.

It is proved that the Ayurvedic drug Nishakathakathadhi 
Choornam is more efficacious than the other Ayurvedic 
drug Pramehoushadhi and standard drug Glibenclamide in 
the therapeutic treatment of diabetes.
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Abstract
Many traditional plants and herbs are reported to have anthelmintic activity. Macrotyloma uniflorum 

is a legume plant which is used as food in India. It is found to have many traditional values such as anthelmintic, 
diuretic, expectorant, ophthalmic and tonic. The seeds are also useful for haemorroids, tumors, bronchitis, and 
splenomegaly and in asthma. The anthelmintic activity of the seeds of Macrotyloma uniflorum has been 
investigated using the ethanolic extract and it was found to have profound activity.

Keywords:  Macrotyloma uniflorum,  Anthelmintic activity, Ethanolic extract.

Anthelmintic Activity of Seeds of
 Macrotyloma uniflorum

Ansa Philip*, Athul PV, Ajmal Charan, Afeefa TP
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Macrotyloma uniflorum belonging to the family Fabaceae is 
one of the lesser known beans. It is distributed in Asia and 
Africa and is a common twining plant growing all over 
India. It is much branched, sub-erect, annual herb with 
cylindrical slight hair of 30-60cm tall. The leaves of this plant 
are trifoliate, ovate, rounded at base, acute or acuminate, 2-
4cm broad. The flowers are sessile and yellow to greenish 
yellow in colour. The seeds are trapezoidal and sometimes 
reniform and ovoid in shape. Usually they are reddish 
brown in colour, 4-6mm (l) and 3-5mm (w). The whole seeds 
are utilized as cattle feed. However it is consumed as whole 
seeds by a large population in rural area of Southern India. 
The seeds of Macrotyloma uniflorum are used in traditional 
medicine as bitter, thermogenic, astringent, anthelmintic, 
diaphoretic, diuretic, expectorant, ophthalmic and tonic. 

The seeds are also useful for haemorroids, tumors, 
bronchitis, splenomegaly and in asthma. The main 
objective of this study is to evaluate the anthelmintic 
property of seeds of Macrotyloma uniflorum. The seeds were 
obtained from Payangadi and were authentified by Mr. P V 
Rajasekharan Nair, Lecturer, Department of Botany, 
Payyanur College, Payyanur. The seeds were dried, 
powdered and passed through sieve no-10 to remove fines. 
It was then subjected to successive solvent extraction using 
petroleum ether, chloroform, alcohol and water. The extract 
was concentrated by distilling of the solvent.  A preliminary 
phytochemical screening was carried out on each extract 
and it was found to contain carbohydrates, proteins, 
alkaloids, tannins and steroids. The alcoholic extract 
contained the maximum number of constituents, so it was 

*For Correspondence:  ansaphilip@rediffmail.com

Serial
No.

Treatment Concentration (mg/ml)

Time in min

Paralysis Death

1 Vehicle 1% CMC - -

2 Alcoholic extract 100mg/ml 7.53+0.12 11.56+0.9

50mg/ml 17.33+0.27 20.57+0.11

100mg/ml 51.53+0.63 56.86+0.32

3 Piperazine citrate 15mg/ml 42.89+0.21 48.35+0.11

Short Communication
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selected for the evaluation of anthelmintic activity. The 
anthelmintic activity was evaluated on adult Indian earth 
worm Pheretima posthuma due to its anatomical 
resemblance with the intestinal roundworm parasites of 
human beings. The activity was carried out using Mathew et 
al method. Five groups of Indian earth worms each 
containing six earthworms approximately of equal size was 
used for the study. Each group of earth worms were tested 
with vehicle (1% CMC), ethanolic extract (100, 50, 
10mg/ml), piperazine citrate (15mg/ml). Observations were 
made on the time taken for paralysis and death of individual 
worms. Paralysis was said to occur when the worms do not 
revive even in normal saline. Death was concluded when 

the worms lost their motility, followed with fading away of 
their body colour. It was found that the alcoholic extract of 
Macrotyloma uniflorum shows a comparable  anthelmintic 
activity as that of reference control, piperazine citrate. The 
extract caused paralysis followed by the death of worms at 
all tested dose levels. The activity confirmed dose 
dependent nature of extract. The anthelmintic activity of 
the seeds of Macrotyloma uniflorum was found to have 
comparable effect with that of standard piperazine citrate. 
Being a freely available legume it is one of the best herbs 
that can be used as nutraceuticals. It can be used as dietary 
food for infants to eradicate worms. 
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Abstract
Acid-related disorders, including gastro esophageal reflux disease (GERD), duodenal ulcers, and gastric ulcers, 
are managed by H  receptor antagonists and proton pump inhibitors (PPIs). PPIs represent first choice for 2

+ +treating acid-peptic ulcers inhibits the gastric- H / K -ATPase through covalent binding to cysteine residues of 
the proton pump. Achlorhydria and acute renal failure are the most common drawbacks. A reversible acid 
pump antagonist (APAs), currently in clinical trial removes these problems. The APAs are the conceivable future 
drugs for the treatment of acid-peptic disorders.

Keywords:  Proton Pump Inhibitors,  Acid pump antagonist,  Gastro esophageal reflux disease
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Introduction
Acid-peptic ulcers encompass gastro esophageal reflux 
disease (GERD), duodenal and gastric ulcers, stress related 
mucosal disease and upper gastro intestinal bleeding  are 
due to the imbalance between aggressive factors (gastric 
acid, pepsin and Helicobacter pylori infection) and local 
m u c o s a l  d e f e n s e s  ( b i c a r b o n a t e ,  m u c u s  a n d  

1prostaglandins). The management of acid-peptic ulcer  is 
achieved by reducing aggressive factors (strengthens 
mucosal defenses) and by inhibiting gastric acid secretion. 
The later one is the key therapeutic target for the ulcer 
diseases (peptic / duodenal ulcers or Helicobacter pylori 
infection), Zollinger-Ellison syndrome and gastritis. 

Peptic / duodenal ulcers

2 Helicobacter pylori and non-steroidal anti-
inflammatory drugs (NSAIDs) are major cause for peptic 
ulcer induction. NSAIDs inhibit the synthesis of 
mucoprotective prostaglandins PGE and causes 2  

disturbance in the mucoprotection. Imbalance between 
the mucosal defense factors and aggressive factors is 
responsible for this clinical manifestation. Increase in basal 
acid secretion is seen in duodenal ulcer. The gastric ulcer 
weakens mucosal defense mechanism that leads to ulcer 
even in low acid secretion. 

Helicobacter pylori infection
Helicobacter pylori are a rod shaped gram-negative bacteria 
associated with gastritis,  peptic ulcers, gastric 

3adenocarcinoma and gastric  b cell lymphoma . This 

Peptic ulcers are the main cause of upper gastrointestinal 
bleeding . 

infection leads to impairment of somatostatin synthesis, 
and results in increased gastric acid secretion and impaired 
bicarbonate production in duodenum. Helicobacter pylori 
are major risk factor for gastric cancer and also cause antral 

4,5gastric mucosal inflammation . The pronounced H. Pylori 
induced inflammation of the antral mucosa in the presence 
of an intact oxyntic mucosa will result in acid 
hypersecretion.

Zollinger-Ellison syndrome
Non- b cell tumor of the pancreatic islets produces gastrin 
and gastrin secrets gastric acid in life-threatening levels. 
This hyper secretion of gastric acid is responsible for the 

6,7gastro-duodenal ulcers and hyperch- lorhydria . 

Gastro esophageal reflux syndrome (GERD)
Oseophageal defense disorder causes regurgitation of the 

2gastric contents . GERD is associated with decreased gastric 
emptying and increased incidence of transient lower 
esophageal relaxation (T-LESR). The cardinal symptoms of 
GERD include acid regurgitation and heartburn. GERD is not 
a life threatening disorder but causes significant gastric 

8,9discomfort and increased risk of Barret’s esophagus . 
Stress-related ulcers and non-ulcer dyspepsia are the other 
common types of ulcers.

Regulation of acid secretion
Acid secretion is a physiologically important process in 

10stomach, induces digestion by activating pepsinogen . It 
kills microbes and ensures stable intragastric environment. 

*For Correspondence: durai ananda@gmail.com

Short review 



N Swathi et al/ HYGEIA / Vol.1, No.1/March-Aug, 09 29

5Figure 1: Normal Physiology of Acid Release

The chemo and mechanosensitive receptors present in 
stomach are triggered by presence of food to produce 
specific responses. The acid secreting parietal cells present 
in it regulates the acid secretion, producing 2-3 L of gastric 

11juice per day . Three major pathways activating parietal 
1,5, 6acid secretion include

1. Neuronal stimulation via the vagus nerve
2. Paracrine stimulation by local release of histamine 

from enterochromaffin like  cells (ECL) 
3. Endocrine stimulation via gastrin released from 

antral G cells.

Binding to G-protein coupled receptors by acetylcholine, 
gastrin and histamine results in activation of second-

2+messenger systems and increases intracellular Ca  and 
finally causes increase in gastric acid secretion via activating 

+ +gastric proton pump, H /K -ATPase.

Inhibiting acid secretion
The inhibition of gastric acid secretion is a key therapeutic 

1target for the ulcer diseases . Gastric acid secretion by the 
parietal cell is controlled through food-stimulated and 
neuroendocrine pathways. There are several potential ways 

12 , 13, 14,by which gastric acid secretion might be modified  
· Antacids (aluminium and magnesium hydroxide 

preparations) neutralize gastric acid.
· Targeting the muscarinic receptors with 

muscarinic antagonists (atropine) is the one 
approach to control acid secretion. 

· Targeting H  receptors with H  receptor 2 2

antagonists (cimetidine, ranitidine) is the second 
approach. 

+ +· Targeting the gastric proton pump, H / K -ATPase 
is another and most effective pharmacological 
approach. 

· Eradication of Helicobacter pylori with double or 

triple anti-microbial therapy in combination with 
anti-secretory drugs is most successful in peptic 
ulcer treatment.

· The potassium competit ive acid pump 
antagonists are a promising new class of agents, 
are in clinical trials.

· Mucosal protective agents such as sucraflate are 
also used for ulcer therapy.

In this present review various aspects of proton pump 
+inhibitors are discussed, highlighting the advantages of K  

dependent acid pump antagonists over irreversible proton 
pump inhibitors.

Proton pump inhibitors
+ + -The gastric proton pump, H / K ATPase present in 

c y t o p l a s m i c  m e m b ra n e s  c o n s t i t u te s  p 2  t y p e  
15phosphoenzyme  concentrated in resting parietal cells 

+from where it secretes H  into the lumen of the gastric 
+glands in electroneutral exchange for extracellular K . 

+Conformations of the enzyme that bind to H  ions for 
outward transport are termed as E1 and enzyme that bind 

+to K  ions for inward transport are termed as E2. 
Modification of the proton pump, as a result of mutations of 

857Glu  reduces the sensitivity of the pump 3 fold. Gastric 
proton pump inhibitors (PPIs) are important as well as 
valuable pharmaceuticals in the treatment of peptic ulcer 
disease. Inhibition of the acidic pump to control the acid 
secretion attracted considerable attention in recent years. 
PPIs inhibit both basal and stimulated secretion of gastric 

16acid , independent of the nature of parietal cell stimulation. 
PPIs undergo extension hepatic metabolism by the 

17cytochrome P enzyme system . Gastric proton pump 450 

inhibitors are of two types

1. Irreversible gastric proton pump inhibitors 
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2. Reversible gastric proton pump inhibitors 

PPIs are of first choice for peptic ulcer and their 
2,5  complications Gastric Oesopahgeal Reflux Syndrome ,

(GERD), NSAIDs induced gastro intestinal lesion, Zolinger 
Ellison syndrome, dyspepsia and eradication of H. pylori 

 with two antibiotics (triple drug therapy).The PPIs are more 
effective in the short term than the H -blockers in healing 2

duodenal ulcers and erosive esophagitis.

Mechanism of action of PPIs
PPIs bind to cysteine 813, resulting in covalent inhibition of 
the enzyme via formation of disulphide that stabilizes the 

17enzyme in the E2 conformation . Several salient features 
required for the activity are 
a) The weak basicity of the compounds (pka » 4), allowing 

them to accumulate in the acid space adjacent to their 
site of action, 

b) The sulphoxides undergoes Smile’s rearrangement to 
form spiro intermediate, 

c) The active thiophillic group binds to thiol group of
enzymes and generates disulphide bridges to cause 
enzyme inactivation. 

The protonation in the pyridine nitrogen initiates the 
formation of spiro intermediate and then sulfenamide. This 
sulphenamide binds covalently to sulfhydryl groups of 

18, 19, 20cysteines of proton pump . The introduction of methyl 
thgroup in the 6  position of the pyridine ring of the sulfinyl 

benzimidazole makes the compound more stable in acid 
medium, prevents the formation of spiro intermediate and 
supports the suggested mechanism. The anti-oxidant 
defence protein heme oxygenase (HO-1) is a target of PPIs in 

6both endothelial and gastric epithelial cells . HO-1 
induction might account for the gastroprotective effects of 
PPIs independently of acid inhibition.

Figure 2: Irreversible proton pump inhibitors
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Drawbacks of irreversible proton pump inhibitors
Irreversible inhibition of acidic pump by covalent binding of 
the sulphenamide group with thiol group of cysteine 

2residues produces consequences of hyper gastrinaemia . 
Extreme acid suppression some times leads to achlorhydria 
and produces typhoid, cholera and dysentery. Because 
gastric juice plays major role in the killing of the microbes 
present in gastric juice. Significant drug interactions can 
lead to decreased absorption of some drugs griseofulvin, 
ketoconazole, vitamin B iron salts, etc. It is also responsible 12, 

6for astrinemia, gastric polips and carcinoma . Acute 
interstitial nephritis progressing to acute renal failure has 
been reported to be associated with the use of PPIs. 

Reversible gastric proton pump inhibitors (PPIs)
Prolonged suppression of gastric acid secretion produced 
by both H  receptor antagonists and PPIs produces 2

+ +extended periods of hypergastrinemia. Reversible H / K  -

+ ATPase inhibitors (K dependent proton pump inhibitors) 
have aroused particular interest as potential drugs because 
their pharmacological activity is modulated by the 
attendant reduction in gastric acidity after binding to the 

7 + target protein . The K dependent proton pump inhibitors 
inhibit acid secretion in a reversible manner. Their activity is 
independent of the intragastric acidity as they do not, 
unlike irreversible proton pump inhibitors, requires acid for 
their activation. The gastric acid inhibitory profile of 
reversible proton pump inhibitors may closely resemble 
those of the more potent and longer-acting H -receptor 2

antagonists and irreversible proton pump inhibitors 
thereby obviating the advantages of proton pump 

+inhibitors in healing lesions and relieving symptoms. K  
competitive inhibitors also bind to E2 form of the ATPase 

6,15both in the N and the C terminal regions .

18, 19, 20Figure 3: Acid transformation of benzimidazoles to sulphenamides .
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7Reversible proton pump inhibitors
In contrast to irreversible inhibitors, these compounds are 

+competitive inhibitors of high affinity luminal K  site of the 
gastric proton pump. SCH 28080 is a protonable weak base 
and accumulated in the acidic compartments of the 
parietal cells in its protonable form. SCH 28080 is 
chemically stable and after protonation, is itself active and 
does not need an acid-induced transformation.

Conclusion
The proton pump inhibitors generally are superior to the 

H -receptor antagonists in healing lesions quickly and 2

improving symptoms, particularly in patients with 
oseophagitis. The PPIs are theoretically advantageous in 
managing upper gastrointestinal bleeding from acid peptic 
lesions due to their profound inhibition of acid secretion. 

+ The theoretical advantages of K dependent, reversible 
proton pump inhibitors depend ultimately on their acid 
inhibition profile relative to that H -receptor antagonist.2

32
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Abstract
        The solubility characteristics of drugs remain the most challenging aspect in the formulation development. 
With the advent of combinatorial chemistry and high throughput screening the number of poorly soluble 
compounds has dramatically increased. The dissolution rate of drug from its dosage form is considered as an 
important parameter in the absorption. Dissolution is the rate-limiting step in the absorption of drugs from 

1solid dosage form especially when the drug is poorly water soluble . Poor wettability of drugs leads to the 
decrease in their bioavailability. Increasing the surface area of the drug particle may curb out this problem. For 
drugs whose GI absorption is rate limited by dissolution, reduction of particle size increases the rate of 
absorption and total bioavailability.  This is common with   drugs of poor water solubility. Solid dispersion of 
Nabumetone is already carried with  methyl cellulose. The main perspective of this study aims at overcoming 
these problems by solid dispersion technology using carriers like  ethyl cellulose as well as other natural, semi 
synthetic and synthetic carriers with a view to develop fast release formulation of Nabumetone improving its 
dissolution characteristics. Nabumetone is an effective NSAID, it is practically insoluble in water, where the 
dissolution is rate limiting. The dissolution of Nabumetone from the tablet formulation containing the solid 
dispersion was found to be fast and rapid when compared with marketed formulation

Keywords:  Solid Dispersion, Ethyl cellulose, Nabumetone

Introduction
Bioavailability can be defined as the rate and extent at 
which the drug is delivered to the general circulation from 
dosage form and reach the site of action to produce the 
desired effect. New drugs with aqueous solubility less than 
0.01 mg/ml are very likely to cause bioavailability problems 

1and hence affect the therapeutic efficacy of new drugs . The 
term solid dispersion was defined by Chiou and 

2 Riegelmann et.al as the dispersion of one or more active 
ingredients in an inert carrier or matrix at solid state 
prepared by melting, solvent or melting-solvent method 
the aqueous solubility of a drug is increased, the 
disintegration and dissolution properties can be easily 
altered; as a result an increase in bioavailability can be easily 
achieved. The term solid dispersion was defined as the 
dispersion of one or more active ingredients in an inert 
carrier or matrix at solid state prepared by melting, solvent 

3or melting-solvent method . Solid dispersions are stable 
mixtures of finely suspended solids in a liquid with other 
functional ingredients including stabilizers and dispersing 
agents. Solid dispersions made using water-insoluble 
carriers loaded with hydrophilic drugs lead to delivery 
systems aimed at optimizing the pharmacokinetics and 

1reducing drug side effects . 

Materials and Methods
Materials
Nabumetone was received as a gift sample fom Micro labs 
laboratoies, Bangaluru. Ethyl  Cellulose was obtained from 
Loba Chemie, Mumbai. Method: Solvent Evaporation 

3method . In this method, methanol is used as a solvent and 
drug: carrier (1:1) was used to prepare the solid dispersion 
of Nabumetone. The desired amount of carrier was 
dissolved in stated volume of methanol (25ml) taken in a 
conical flask.  A magnetic stirrer can be used to get a clear 
polymer solution. The weighed amount of Nabumetone 
was added to this solution carefully with constant stirring. 
Stirring was continued until the drug was completely 

incorporated into the solvent. The solvent was then 
removed by evaporation at 40°C using a     thermostatically 
regulated water bath for about four hours. The mass 
obtained was further dried in a desiccators overnight, 
crushed, pulverized and sifted through sieve no. 80.

Physical mixture:
Drug: carrier (1:1) was used to prepare the physical mixture 
(1000mg of drug and 1000mg of carrier). The drug and 
carrier thoroughly mixed in a mortar; the mixing was done 

*For Correspondence: prasobhgr@yahoo.com
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in geometric dilution technique so as to ensure 
homogenous distribution.

Evaluation:
3Dissolution rate studies :

The dissolution studies form the most important part of the 
evaluation of a solid dispersion, where the dissolution of 
pure drug and solid dispersion is carried out. Dissolution 
rate studies of the prepared solid dispersion was carried out 
in 0.2M, pH 7.8 phosphate buffer using USP XXII dissolution 
rate apparatus (Electrolab).

900ml of 0.2M, pH 7.8 phosphate buffer was used as 
dissolution medium. Solid dispersions equivalent to 50mg 

of Nabumetone was taken in a hard gelatin capsule; a 
stainless steel wire was wound around the capsules as a sink. 
The basket type stirrer was adjusted to 75rpm. The 
temperature was maintained at 37+1°C. 5ml aliquot 
dissolution media was withdrawn at different intervals and 
volumes withdrawn were replaced with fresh quantity of 
dissolution media.

The samples were analyzed for Nabumetone after suitable 
dilution measuring absorbance at 226nm using SL164 UV-
visible spectrophotometer. 0.2M, pH 7.8 phosphate buffer 

3used as a blank . The percentage of Nabumetone dissolved 
at various time intervals was calculated and plotted against 
time values were calculated from the dissolution curves.
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Results and Discussion            
Dissolution rate of Nabumetone from the solid dispersion 
was found to be increased when compared to the physical 
mixture of Nabumetone with the carrier. The reduction in 
aggregation and agglomeration and increased wettability 
from the drug particulars are responsible for observed 
increased in solid dispersion.

Dissolution of Nabumetone formulation in tablets was 
studied in USP dissolution rate apparatus (Electrolab). 
900ml of 0.2M pH 7.8 phosphate buffers was used as 
dissolution medium. The paddle type stirrer was adjusted 
to 75 rpm. The temperature was maintained at 37°C+1°C. 
5ml of aliquot dissolution media was withdrawn at 
different time intervals and volumes withdrawn were 
replaced with fresh quantity of dissolution media.

The samples were analyzed after suitable dilution 
measuring the absorbance at 226nm for Nabumetone 
using Elico UV visible spectrophotometer using 0.2M pH 
7.8 buffer as the blank. The percentage of drug dissolved 
from each preparation at various time intervals was 
calculated and plotted against time. The marketed product 
of drug Nabumetone was also subjected to dissolution 
study and the results were compared.

The tablets prepared were studied for the drug release 
characteristics. The dissolution of Nabumetone from the 
tablet formulation containing the solid dispersion was 

found to be fast and rapid when compared with marketed 
formulation. The additives do not hinder the dissolution of 
Nabumetone from the solid dispersion. Hence, the solid 
dispersion can be mixed with various other additives 
required in the tablet formulation without losing their rapid 
dissolution properties. The formulation product showed 
rapid release rate when compared to pure Nabumetone 
marketed product. 

Hence this formulation can be regarded as a fast release 
dosage form of Nabumetone. Studies were undertaken on 
the preparation and evaluation of solid dispersion of 
Nabumetone with a view to develop rapid release 
formulation of Nabumetone. In the preparation of solid 
dispersion the cellulose derivative Ethyl Cellulose was used. 
The solid dispersion for this study was prepared by the 
solvent evaporation method. Nabumetone solid dispersion 
in ethyl cellulose prepared at a drug: carrier ratio of 1:1 was 
formulated into tablet with usual additives and the tablets 
were evaluated for dissolution characteristics. The 
dissolution of Nabumetone from the tablet formulation 
based on the prepared solid dispersion was found to be 
rapid compared to the marketed formulation, containing 
the pure drug.

The additives added have not hindered the dissolution of 
Nabumetone from the solid dispersions. Hence the tablet 
formulation based on solid dispersion can be considered as 
a fast release dosage form of Nabumetone.
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Abstract
In the present study we had synthesised some pyrazole derivatives for finding potential antibacterial agents. 
Ethyl acetoacetate was reacted with benzene diazonium compound and the resulting compound was 
condensed with phenylhydrazine in presence of acetic acid to afford pyrazole compound. The synthesized 
compound was analyzed by physical and chromatography data. The presence of specific functional group in 
the product was confirmed by the IR spectroscopy and further structure determination by NMR and Mass 
spectroscopy is in progress.  The in vitro antibacterial efficacy of synthesized compound was tested against 
Gram positive and Gram negative microorganisms by Cup and Plate method. The pyrazole derivative showed 
promising activity against Gram positive bacteria Staphylococcus aureus.

Key words: Pyrazole, Cup and plate method, Antibacterial.

Introduction
The worldwide use of antimicrobial compounds to treat 
infection leads to the evolution of microbes resistant to 
existing drugs. The emergence of resistance to the major 
classes of antibacterial agents is recognized as a serious 
health concern. The search for antibacterial agents with 
new mode of actions will always remain an important and 

1challenging task.  The heterocyclic compounds particularly 
nitrogen containing heterocycles are synthetically 
challenging models for a number of physiological active 
natural products. One such class of compounds includes 
pyrazole.

Pyrazole and pyrazolones ring system represents important 
class of compounds possessing a wide spectrum of 
biological activities. The recent success of pyrazole COX-2 
inhibitor has further highlighted the importance of these 

2heterocycles in medicinal chemistry.  It is also showing 
angiotensin antagonists, antibacterial,  sedative, 

3antidiabetic and anticoagulant activities.  Recently some 
pyrazole are reported to have non-nucleoside HIV–1 

4reverse transcriptase inhibitory activities.  With this aim we 
made an attempt to synthesis heterocyclic derivatives of 
pyrazole to show the antibacterial activity.

Experimental Work
The chemicals used in the study were obtained from Nice 
chemicals. Melting points were determined in open glass 
capillary tubes and are uncorrected. Thin layer 
chromatography was used to find the purity of synthesized 

compounds. The IR spectra of compounds were recorded 
on Shimadzu FT-IR -8400S spectrometer using KBR pellet 

1technique and are expressed in cm . Preparation of 
5pyrazoles  was carried out as per scheme I. Aniline was 

dissolved in a mixture of conc. HCl (4ml) 
Sodium 

nitrite (0.69g) in water was added. The diazonium 
compound so obtained was filtered into already ice cooled 
solution mixture of sodium acetate (10g) and ethyl 
acetoactate 1.2ml (0.01mol) in ethanol. The resulting 
product was added to a solution of phenyl hydrazine 0.5ml 
(0.002mol) in acetic acid (5 ml) and the mixture was warmed 
in water bath for 1hr. On cooling yellow crystals were 
obtained which were recrystallised from ethanol. Yield 61%, 
M.pt 114-116, Rf value: 0.3 {Mobile Phase – Ethyl acetate & 

-1Chloroform (8 : 2)}, IR (KBr, cm ): 3400- 3285 (NH), 3032
(ArC-H), 1660 (C=O), 1597 (C=C), 1245 (C-N).

Antibacterial activity
The compound was screened for their antibacterial activity 
by Cup plate method against Gram positive bacteria 
Staphylococcus aureus and Gram negative bacteria 
Escherichia coli. Sterile nutrient agar plates were prepared, 
by pouring the sterile agar into petri-dishes in aseptic 
conditions. About 0.1ml of each standardized test organism 
culture was spread on to agar plates. Cavity was done by 
using a sterile borer of diameter 6 mm. 100 µg/well of the 
test compounds as well as the standard drug solutions and 
DMSO solvent were placed in the cavity separately. Then the 
plates were maintained at +4 °C for 1 h to allow the diffusion 

and water (5ml) and 
cooled to 0° to 5°C in ice bath. To this solution of  

Synthesis, Analysis and Antibacterial
 Evaluation of Pyrazole Derivative
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of solution into the medium. Then the plates were 
incubated at 37 °C for 24 h. After the incubation period for 

624 h, the zone of inhibition was measured.

Results and Discussion
The result of antibacterial screening shows some promising 
activity against Gram positive bacteria Staphylococcus 

aureus. The synthesized compounds were analyzed mainly 
by IR spectral, physical and chromatography readings. 
Further analysis of structure by NMR, Mass spectrometer is 
in progress. In future, we will synthesis more pyrazole 
derivatives by taking different substituted anilines to find 
potential antibacterial agents.  
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Abstract
Cytotoxic drugs include any drug that inhibits or prevents the function of cells. Cytotoxic drugs are increasingly 
being used in a variety of healthcare settings, laboratories and veterinary clinics for the treatment of cancer and 
other medical conditions such as rheumatoid arthritis, multiple sclerosis and auto-immune disorders. 
Occupational exposure to hazardous drugs and the resulting potential health risk to healthcare workers first 
became a recognized safety concern in the 1970s. Published data related to the issue of occupational exposure 
prompted the Occupational Safety and Health Administration (OSHA) to issue guidelines in 1986 for the 
handling of antineoplastic and other hazardous agents by healthcare personnel. Handling of cytotoxic drugs 
provides useful information for pharmacists, pharmacy technicians, medical and nursing staff, veterinary 
practitioners and others involved in handling these drugs, including people who clean up any spills. The 
guidance contains simple information on the potential health hazards and health surveillance, legal framework 
and the duties of employers and employees. It also gives useful tips on ways of controlling and monitoring 
exposure and appropriate waste disposal. Appropriate training, utilization of effective equipment and supplies, 
and strict compliance with detailed policies and procedures provide the best approach to reducing the 
potential health risks of occupational exposure to hazardous drugs. 

Key words:  Cytotoxic drugs, Handling of antineoplastic agents, Occupational exposure

Hazards of Cytotoxic Drugs

The treatment of cancer involving the chemotherapy makes 
use of highly toxic drugs. These drugs act mainly by 
suppressing the multiplication of malignant cells. 
Alternatively they also inhibit all growing cells, and this 
includes the healthy cells as well. This might affect the cells 
of the healthy people who handle these drugs.

In the early 1980’s, there was concern about the 
environmental contamination when handling cytotoxics. 
The mutagenic and allergic property of these drugs that 
were manifested in the personnel handling of drugs were of 
concern for the health care providers.

The first procedural manual, that provided assistance in the 
formulation of guidelines for handling of cytotoxics in 
hospitals, was released by American Society of Hospital 
Pharmacist in 1985. Surveys in the United States have 
shown that there exists a lack of standardized procedural 
manuals or guidelines for handling of the cytotoxic drugs or 

.1to deal with their spillage in hospitals
 
What are cytotoxic drugs?
Cytotoxic drugs are therapeutic agents intended for, but not 
limited to, the treatment of cancer. These drugs are known 
to be highly toxic to cells, mainly through their action on cell 

reproduction. Many have proved to be carcinogens, 
mutagens or teratogens. Cytotoxic drugs are increasingly 
being used in a variety of healthcare settings, laboratories 
and veterinary clinics for the treatment of cancer and other 
medical conditions such as rheumatoid arthritis, multiple 

.2sclerosis and auto-immune disorders

Potential health effect of
 cytotoxic drugs
Current statistics show that one in three people have a life-
long risk of developing cancer. There is little scientific 
evidence currently available relating to whether working 
with cytotoxic drugs actually increases the risk of 
developing cancer or not. However, in the absence of such 
data, a strategy of prudent avoidance is recommended. In 
the workplace, occupational exposure may occur where 
control measures fail or are not in place. Exposure may be 
through skin contact, skin absorption, inhalation of 
aerosols and drug particles, ingestion and needle 
stick injuries resulting from the following activities:

w Drug preparation
w Drug administration
w  Handling patient waste
w  Transport and waste disposal or Spills.

*For Correspondence: sskiron@yahoo.com



39

w Personnel likely to be involved in these activities 
include:

w Nurses and Medical officers
w Pharmacists
w Laboratory staff, and
w Cleaning, maintenance and waste disposal staff.

Where control measures are not adequate, adverse health 
effects may result from occupational exposure. Health 
effects attributed to cytotoxic drugs exposure amongst 
people preparing and administering cytotoxic drugs 
include:

w Abnormal formation of cells and mutagenic activity
w  Alterations to normal blood cell count
w Fetal loss in pregnant women and malformations in 

the offspring of pregnant women
w Abdominal pain, hair loss, nasal sores and vomiting
w Liver damage, and
w Contact dermatitis, local toxic or allergic reaction, 

which may result from direct contact with  skin or 
mucous membranes.

Safe handling of cytotoxics
Cytotoxic medicines safety implies the safe management of 
the dispensing, reconstitution (if it is done in the 
pharmacy), transportation, administration of the cytotoxics 
and the final disposal of the used dosage form. It also 
implies the safety procedures be formulated in dealing with 
the management of the spillage. The personnel who are in 
daily contact with the cytotoxic drugs have a high chance 
being front of the cabinet produces an air curtain, exposed 
to these agents and becoming contaminated. 

The adverse effects of the cytotoxic drugs make it highly 
imperative to be careful in the handling of these cytotoxic 
drugs. Some of the measures in the safe handling of the 
cytotoxic drugs must include;

r Categorizing and separating these drugs to a 
specialized unit in the pharmacy, where adequate 
protective measures are taken like aprons, masks and 
glasses for the protection of the body and eyes

r Training and educating the pharmacists handling these 
agents about the risk involved and the protection to be 
taken while handling them.

r Educating the pharmacist involved on the measures to 
be taken in case of spillage of these drugs or while the 
transferring of these drugs into smaller packages for the 
use by the patients.

r Providing written procedural manual to deal with 
situations when spillage of cytotoxic occurs

r  Special labeling of the containers should be instituted 
to ensure proper handling and disposal.

r Pregnant staff should never be allowed to handle 

 2cytotoxics.

Facilities to be provided where cytotoxic are handled 
and prepared
The risk associated in the handling and administration of 
the cytotoxics drugs have resulted in the widespread use of 
safety cabinets for the preparation and dispensing of these 
products. The facility provided should be such that it serves 
the need of protection against the prepared cytotoxic 
drugs for the person handling it and the quality of the 
product is not affected which intern may affect the 
therapeutic efficacy for the patient.

Vertical Laminar Flow Cabinet (VLFC), Isolators (Totally 
Enclosed Glove Boxes) may be used. Vertical laminar flow 
cabinet has the characteristic that the entire contaminated 
zone is under negative pressure. The operating principle is 
that air filtered through HEPA filter is passes over work 
surface. This air then passes through vents at the back and 
white front of the cabinet and is recirculated. Some of the air 
is exhausted and to compensate this more air is taken in 
through the front opening this creates a negative pressure 
in the cabinet. The balance between the cabinet down flow 
and the air drawn in at the which provides the basis for the 
product and personnel protection.

Isolators are totally enclosed workstations with filtered air. 
Work can be done through glove ports or a half suit 
arrangement to access the working areas. Materials are 
introduced through a air lock or using an access port and 
docking device. At work the system is totally air sealed from 
the outside.

The minimum requirements to protect staff when handling 
cytotoxic drugs at these different stages are outlined below

r Preparation of the dosage form in a controlled 
environment requires grown gloves of a suitable quality. 
Here there is no need of the protection for the eyes as the 
agents are handled in the negative pressure conditions of 
the controlled environment, which provides the protection 
for the personal. For preparation of the dosage form in the 
uncontrolled environment requires a gown, gloves, glasses 
for eye protection and a dust mask.

r  For staff checking the prepared dosage form requires a 
long sleeved uniform and gloves.

r  While transportation of the prepared dosage form to 
the ward no special requirement is needed, if they are 
transported in a suitable container, and the messenger is 
aware of the hazards

r  While dealing with spills the protective measures 
required are a nonabsorbable overall with a plastic apron, a 
heavy-duty gloves, suitable eye protection and a 
respiratory mask.

r After the dosage has been administered the person 
handling the waste, should be dressed in long sleeved 
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uniform, plastic apron, gloves of suitable quality, a suitable 
eye protection and a respiratory mask. Care should be taken 
that the waste are not discarded into drainage as this 
sewage may be recycled and reach the system, as the 
recycled sewage may be used for many general purpose like 
irrigating fields (as this recycled sewage may have a natural 
fertilizer quality). The toxic qualities of the discarded 
cytotoxics may reenter the cycle again, where the humans 
are at risk of being contamination. Here the risk is of higher 
magnitude as the volume of the people involved is greater.

The methods of disposal of the commonly used drugs are 
discussed later and care should be taken to ensure the strict 
adherence to the procedure of disposal of the wastes to 
avoid contamination.

The Risk Management Approach
The aim of a risk management approach (outlined in Table 
1) is to eliminate or reduce the risk of illness or injury 
associated with work. This generally involves a process of:
a Hazard identification
a Risk assessment
a  Risk control, and
a  Evaluation of control measures.
Effective management of health and safety also involves:
a  Consultation
a  Personnel management
a  Training
a  Documentation of activities, and
a  Regular review of the management system.

Management of cytotoxic spills
4 Restrict the movement of all the personnel to and from 
the area until decontamination is done.

4The person doing the decontamination should wear 
proper dressing with gloves, mask and eyeglasses of proper 
quality.

4The spilled material should be placed in a rigid container, 
if the spillage is a liquid, cover it with an absorbent cloth, 
leaving it there for sufficient time for the liquid to be 
absorbed. If the spilled material is powder, it should be 
covered with a wet cloth, and additional water added as 
required.

4All the absorbent material and spillage are transferred to 
a separate bag.

4All the surface contamination is washed with water and 
detergent by several rising with clean water. Absorbent 
clothes should not be used for this procedure.

4All potentially exposed skin surface should be washed 
with water and soap.

Conclusions
Exposure to the cytotoxins, though in small quantities over 
a long period of time is harmful to the human body. The 
exposure to these drugs increases the allergenic reaction in 
the personnel handling these drugs in the hospital. The 
above discussion attempts to discuss the hazards involved 
in the exposure of cytotoxic drugs. It also tries to outline the 
importance of maintaining a procedural manual in 
handling, dealing of spillage of cytotoxics and facilities 
needed in the disposal of cytotoxic drugs.

 Procedures for destruction or disposal of some 
commonly use cytotoxic drugs.
The spillage that has been carefully collected using the 
proper protection and in the proper container are mainly 
destroyed by incineration at the very high temperature or 
by chemical degradation. The incinerating temperature 
and the chemical reagents used for denaturation of certain 
very commonly used cytotoxic drugs are outlined below.
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Name Physically Chemically

Chemically destroyed by denaturation 
with strong acid or alkali.

C h e m i c a l l y  d e s t r o y e d  b y  5 %  
Sodiumhydroxide, 10% Hypochlorite 
solution for 24 Hrs or alkaline potassium 
permanganate.    

Cisplatin

Asparginase Destruction is by incineration at
O800 C.

Destruction is by incineration at 
O1000 C.

Bleomycin

Destruction is by incineration at
O1000 C 

Diluted with large volume of water and 
allowed to stand for 4/8 Hrs. On contact 
with skin should wash with water.

Carboplatin

Destruction is incineration at 
O1000 C.

Chemically destroyed by diluting with 
large volume of water or a 12% alkaline 
sodium borohydride. On contact with 
skin it may be washed with large volume 
of water. A cream may be added if a 
stinging sensation is experienced.

Table 1



Name Physically Chemically

Cyclophosphamide Destruction is by incineration
Oat 900 C

Destruction is by incineration at
O1000 C.

Cytarabine

Destruction is by incineration at
O500 C

Dacarbazine

Destruction is by incineration at
O700 C.  

Doxorubicin

Destruction is by incineration at 
O1000 C

Epirubicin

Chemically destroyed by denaturation 
with 5% sodiumhydroxide or with 0.2M 
potassiumhydroxide in methanol for 24 
hrs. On contact with skin wash well with 
water or soap. If eyes are contaminated, 
immediately irrigate with normal saline.

Chemically destroyed by treating with 
5% hydrochloric acid. On contact with 
skin it may be washed with large volume 
of water. If eyes are contaminated, 
immediately irrigate with normal saline.

Chemically destroyed by treating with 
5% hydrochloric acid at pH 2 for 24 hrs or 
10% sulphuric acid for 24hrs. On contact 
with skin it may be washed with large 
v o l u m e  o f  w a t e r .  I f  e y e s  a r e  
contaminated, immediately irrigate with 
normal saline.

Chemically destroyed by treating with 
10% sodium hypochlorite soaked for 
24hrs. on contact with skin it may be 
washed with large volume of water or 
sodium bicarbonate solution. If eyes are 
contaminated, immediately irrigate with 
normal saline.

Chemically destroyed by treating with 
10% sodium hypochlorite soaked for 
24hrs. On contact with skin it may be 
washed with large volume of water or 
sodium bicarbonate solution. If eyes are 
contaminated, immediately irrigate with 
normal saline.
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Chemically destroyed by treating with 
alkaline potassium permanganate or 
10% sodium hypochlorite soaked for 24 
hrs. On contact with skin it may be 
washed with large volume of water. If 
eyes are contaminated, immediately 
irrigate with normal saline.

Destruction is by incineration at
O1000 C

Etoposide

Chemically destroyed by treating with 
5% sodium hydroxide or 10% sodium 
hypochlorite soaked for 24hrs. On 
contact with skin it may be washed with 
large volume of water or sodium 
bicarbonate solution. If eyes are 
contaminated, immediately irrigate with 
normal saline.

Destruction is by incineration at
O 700 C

5 Fluro Uracil
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Name Physically Chemically

Chemically destroyed by treating with 2N 
s o d i u m  h y d r o x i d e  i n  d i m e t h y l  
formamide soaked for 24 hrs. On contact 
with skin it may be washed with large 
volume of water or sodium bicarbonate 
solution. If eyes are contaminated, 
immediately irrigate with normal saline.

Destruction is by incineration at
O1000 C

Ifosphamide

Chemically destroyed by treating with 5% 
trisodium phosphate or 20% sodium 
hydroxide soaked for 24 hrs. On contact 
with skin it may be washed with large 
volume of water or sodium bicarbonate 
solution. If eyes are contaminated, 
immediately irrigate with normal saline.

Destruction is by incineration at
O1000 C

Dactinomycin

Chemically destroyed by treating with 
10% sodium hypochlorite (1% available 
chorine) soaked for 24 hrs. On contact 
with skin it may be washed with large 
volume of water or sodium bicarbonate 
solution. If eyes are contaminated, 
immediately irrigate with normal saline.

Destruction is by incineration at
O700 C

Danorubicin

Chemically destroyed by treating with 
10% sodium hypochlorite (1% available 
chorine) soaked for 24 hrs. On contact with 
skin it may be washed with large volume 
of water or sodium bicarbonate solution. If 
eyes are contaminated, immediately 
irrigate with normal saline.

Destruction is by incineration at 
O700 C

Idarubicin

Chemically destroyed by treating with 5% 
sodium thiosulphate in sodium hydroxide 
soaked for 24 hrs. On contact with skin it 
may be washed with large volume of 
water or sodium bicarbonate solution. If 
eyes are contaminated, immediately 
irrigate with normal saline.

Destruction is by incineration at
O500 C

Melphalan

Chemically destroyed by treating with 1:1 
mixture of 5% sodium hydroxide and 
sodium hypochlorite. On contact with 
skin it may be washed with large volume 
of water and apply any cream if any stining 
is present. If eyes are contaminated, 
immediately irrigate with normal saline. If 
sufficient quantity is inhaled or injected 
calcium folinate cover has to be provided.

Destruction is by incineration at
O1000 C

Methotrexate

Chemically destroyed by treating with 2-
5% sodium hydroxide or hydrochloric 
soaked for 12 hrs. On contact with skin it 
may be washed with large volume of water 
or sodium bicarbonate solution followed 
by soap and water. Avoid any hard creams. 
If eyes are contaminated, immediately 
irrigate with normal saline.

Destruction is by incineration at
O1000 C

Mitomycin C



Chemically destroyed by treating with 5% 
sodium hydroxide or 10% sodium 
hypochlorite soaked for 24 hrs. On contact 
with skin it may be washed with large 
volume of water. If eyes are contaminated, 
immediately irrigate with normal saline.

Destruction is by incineration at
O1000 C

Vincristine

Name Physically Chemically

Chemically destroyed by treating with 5% 
sodium hydroxide or 10% sodium 
hypochlorite soaked for 24 hrs. On contact 
with skin it may be washed with large 
volume of water or sodium bicarbonate 
solution. If eyes are contaminated, 
immediately irrigate with normal saline.

Destruction is by incineration at
O1000 C

Vinblastine

Chemically destroyed by treating with 5% 
sodium hydroxide or 10% sodium 
hypochlorite soaked for 24hrs. On contact 
with skin it may be washed with large 
volume of water. If eyes are contaminated, 
immediately irrigate with normal saline 
soap and water.

Destruction is by incineration at
O1000 C

Interferons
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Cosmetics are the products that are created for application 
on the body for the purpose of cleansing, beautifying or 
altering appearance and enhancing the beauty. The market 
research shows upward trend in the herbal trade with the 
herbal cosmetic industry playing a major role in fueling this 
worldwide demand for herbals. The objective of the present 
work is to evaluate the antioxidant potential of the 
ethanolic extracts of herbal drugs such as Glycyrrhiza 
glabra(root and stolons), Phyllanthus emblica (fruit), 
Lycopersicon esculentum (fruit), Curcuma longa (rhizomes), 
Aloe vera (leaf ) and Citrus aurantium (outer peel). These 
drugs are used in traditional medicine for various 
conditions like sun burn, inflammation and as antioxidants. 
From the literature survey it was revealed that the ethanolic 

2 3extract of Phyllanthus emblica , Curcuma longa  and 
4Glycyrrhiza glabra , the aqueous extract of Lycopersicon 

5 6esculentum  and Aloe vera   and the methanolic extract of 
7Citrus aurantium  has very good antioxidant activity. In this 

study the above extract were prepared and added in 
different compositions to the formulations. Fresh roots and 
rhizomes of Glycyrrhiza glabra, Curcuma longa, Fruits of 
Phyllanthus emblica, Lycopersicon esculentum,  Leaf of Aloe 
vera and Peels of Citrus aurantium were collected from 
Payangadi, Kannur during the month of March, 2008 and 
authenticated at Dept. of Botany, Payyannur College, 
Payyannur, Kannur. The dried drugs were powdered and 
sieved through No. 10 sieve and used for extraction. 
Ethanolic extract of Glycyrrhiza glabra, Curcuma longa and 
Phyllanthus emblica, water extract of Lycopersicon 

esculentum and Aloe vera and methanolic extract of Citrus 
aurantium were prepared by soxhelation. The cream base 
formulations were prepared by adding measured quantity 
of extracts to the base (water in oil emulsion). The final 
formulations were prepared after conducting a pilot study. 
The different concentrations and compositions of the 
extract were incorporated to the cream base and their 
consistency, appearance and smoothness were checked 
before selecting the final formulae. The final formulae 
selected after pilot study are F-1 contains Citrus aurantium
2ml, Curcuma longa 0.5g, Phyllanthus emblica 0.5g, 
Lycopersicon esculentum 0.5ml, Aloe Vera 0.5ml; F-2 
contains Curcuma longa 2g, Phyllanthus emblica 0.5g, 
Citrus aurantium 1ml, Glycyrrhiza glabra,1ml; F-3 contains 
Glycyrrhiza glabra 3ml, Aloe vera 1ml, Lycopersicon 
esculentum 1ml; F-4 contains Phyllanthus emblica 1g, Citrus 
aurantium 0.5ml, Glycyrrhiza glabra 0.5ml, Aloe vera 0.5ml, 
per 10g of base. Evaluation of cream was done the 
parameters stability studies, spreadability studies, primary 
skin irritation studies test for microbial growth in 

 formulated creams pH of the formulations, All these 
formulations showed good spreadability, no phase 
separation and good consistency during test period. They 
do not show any signs of edema or skin irritation when 
applied to the rat abdominal skin and kept in contact for 24 
hours.  The pH of all the formulations was determined found 
to be 6.9 to 7.2 and found comparable with the pH of the 
skin. No significant variation was observed in stability 
parameters of the formulations like visual appearance, 

Abstract
In this study, creams were formulated based on the antioxidant potential of herbal extracts and evaluated. 
Different types of herbal creams were formulated from the ethanolic extracts of Glycyrrhiza glabra (root and 
stolons), Phyllanthus emblica (fruit), Lycopersicon esculentum (fruit), Curcuma longa (Rhizomes), Aloe vera (leaf ) 
and Citrus aurantium (outer peel) namely F1, F2, F3, F4. All the formulations showed good spreadability, good 
consistency and no evidence of phase separation. 

Key words:  Herbal cream, Antioxidant, Skin protection.     

From the present study it can be concluded that it is possible 
to develop creams containing herbal extracts having antioxidant property and can be used as the provision of a 
barrier to protect skin. 



phase separation and fragrance six months period of 
storage. The spreadability study shown that formulation-I 
has better spreadability, while formulation-II shows least 
spreadability when compared with the marketed cream. 
The result of primary skin irritation test indicated that there 
was no sign of reactions like edema and rashes, thus 
formulated creams were found to be safe for topical use. 
The formulated creams were tested for the presence of 
pathogenic microorganisms by culturing it with Muller 
Hinton agar medium. There was no signs of microbial 

0growth after 24 hours of incubation at 37 C and it was 
comparable with the control. All the formulations showed 
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good physical stability during test period. The Formulation I 
showed better physical stability and spreadability as 
compared to other formulations and it is comparable with 
the marketed cream. All these formulations showed good 
spreadability, no phase separation and good consistency 
during test period. They do not show any signs of edema or 
skin irritation when applied to the rat abdominal skin and 
kept in contact for 24 hours. From the present study it can 
be concluded that it is possible to develop creams 
containing herbal extracts having anti oxidant property 
and can be used as the provision of a barrier to protect skin. 
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Abstract
Cost-of-illness studies measure the economic burden of a disease and estimate the maximum amount that 
could potentially be saved or gained if a disease were to be eradicated. Direct medical costs and indirect costs 
are measured using top down and bottom up approaches Human Capital approach, Willingness-to-Pay (WTP) 
approach and Friction Costs approach respectively. The perspectives may measure costs to society, the health 
care system, third-party payers, businesses, the government, and participants and their families. Incidence-
based studies, estimate lifetime costs, measure the costs of an illness from onset to conclusion for cases 
beginning within the period of the study, usually a year. Incidence costs include the discounted, lifetime 
medical, morbidity, and mortality costs for the incident cohort. Prevalence-based studies measure the costs of 
an illness in a year, regardless of the date of onset and include all medical care costs and morbidity costs for a 
disease. Indirect costs include the loss of resources due to morbidity and mortality, which inherently places a 
monetary value on the value of life. The human capital method is the most common approach used to calculate 
the indirect costs of an illness. The costs attributable to an illness depend largely on how the illness is defined 
diagnostically. Studies typically use the International Classification of Diseases, as a basis of defining the illness 
of interest and whether to include secondary diagnoses. The appropriate data source to use for a cost-of-illness 
study varies by the illness, perspective, and approach of the study.

Key words:  Cost of illness, diabetes, Direct medical costs and indirect costs, Pharmacoeconomics

Short Review

Pharmacoeconomics: Cost of Illness Studies
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Introduction
Diabetes mellitus presents a huge burden for individuals 
and society. Medical expenditures for people with diabetes 

1are 2-3 times higher than for those not affected by diabetes . 
Choices and decisions abound in today's health care 

1environment . Decision making on health care issues are 
becoming increasingly difficult due to paucity of real data, 
increasing health care costs, limits in healthcare resources 
and debate over the effectiveness of treatment alternatives. 
Cost of Illness (COI) estimates are often cited as important 
elements in the decision making process of a chronic 
disease like diabetes. Over a 6-8 year time span, as per 
estimates, the unadjusted cost of diabetes could have risen 

2from $20 billion per year to $137 billion . 

There is, however considerable debate about the 
appropriate interpretation of the cost of diabetes (COD). 
There are two main studies done in the late 1990s, the 

3Bangalore Urban Diabetes Study (BUDS)  and the Cost of 
4Diabetes Study (CODS)  to estimate the COD in India. The 

goal of this review is to take a step back and look at where 
we are collectively regarding our knowledge of the cost of 
diabetes, to identify the cost strength and limitations of 
currently available diabetes COI studies and to identify 

future research areas that will help us better understand the 
economic burden of diabetes.

Use of  Cost-of-Illness Study
“…. a tool for appraising the adequacy of resources devoted 

5to specific health problems…” . The uses of COI studies 
2have received much attention over time. Mushkin , 

6Weisbrod  and others developed a framework to calculate 
costs related to disease. Most recently, the National 
Institute of Health (NIH) has cited the value of estimates in 
identifying “orders of magnitude” related to different 

7diseases .

The estimates provide information that describes the 
resources used and the potential resources lost and thus 
characterize the burden of the disease. 

Actual Uses of Cost-of-Illness Study
Advocacy One of the greatest uses of COI studies is to 
support advocacy positions of non-governmental 
organizations (NGO). Cost figures are used by various 
groups and organizations to gather support for research 
and societal programs. Priority Setting There is evidence 
that government organizations use COI studies as an aid to 
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decision-making. COI estimates are used in determining 
budgetary allocations, prioritizing research funding and 
justifying funding for disease projects. Disease Burden 
Researchers use COI estimates as a measure of disease 
burden. Citation Published research papers often cite cost 
figures to draw attention to the magnitude of the disease. 
From January 1983 to October, 1997, cost of diabetes 
studies were cited 184 times in professional journal 

8articles .

Methods Used in Estimating the Cost-of-Illness
9The origins of today's COI studies lie in the work of Fein , 

2 6 10Mushkin , Weibrod , Rice  and others in the late 1950s and 
early 1960s. In 1966, Dorothy Rice published a monograph 
that proposed a method for estimating costs from the 
information available in existing data sets. This work 
became the de facto standard for future COI studies. It 
addressed the economic cost of illness from the perspective 
of two categories: direct costs and indirect costs. 

A third category, the psychosocial cost of illness or its 
impact on quality of life, is often mentioned in literature but 
seldom measured due to difficulty in measuring such costs.

DIRECT COSTS
Direct economic costs of disease are those generated by the 
resources used in treating or coping with a disease, 
including expenditures for medical care and the treatment 
of the illness (hospital care, physician services, nursing 
home care, drugs and other medical needs). Recently 
transportation costs and costs of care-giving by family 
members are also included. These costs are captured with 
the help of surveys and studies.

Most of the COI studies used either a top-down approach or 
a bottom-up approach. The approaches and methods 

6,11,12, described by Rice have served as a guide for many 
subsequent COI studies.

Top-down approach
This approach is based on costs examined in an aggregate 

13form for specific diseases . Costs are calculated by 
multiplying the total health care expenditures by the 
proportion of health care services used by the disease 
group.

Bottom-up approach
This approach is based on the costs of individual units of 

14,15service performed . It uses average cost of service 
estimates and applies these data to the total number of 
health care encounters related to the disease to arrive at the 
health care costs of a disease.

INDIRECT COSTS
Indirect economic costs look at the potential resources that 
are lost as a result of a disease. They include the societal 
costs of morbidity, disability and premature mortality. 
These non-medical costs of disease are not easily measured 
or calculated. Costs may include lost productivity, caregiver 
costs, loss of leisure, pain and suffering, and quality of life. A 

proposed global measure such as quality-adjusted-life year 
(QALY) could capture these elements and prevent double 
counting. There is however disagreement about whether 
productivity and time costs is included in the QALY 

16,17,18measure .

Three approaches have been advocated for the estimation 
10,15,19of indirect costs: a human capital base , a willingness-to-

20,21,22,23 pay or contingent valuation base and a friction cost 
37,38,39base .

Human Capital approach
In this approach, indirect costs are seen as the earnings, 
present and future, lost to that individual as a result of the 
illness. Each person's output is considered equal to his 
market earnings at that time. Indirect costs are often valued 

27on the basis of disability and premature mortality . 
Disability refers to individuals who are working or keeping 
house and lost earnings or outputs are quantified. Indirect 
costs related to premature mortality should be based on 
disease specific deaths, the survival experience of the 
general population, employment rates, earnings and 

10, 15, 28, 29discount and productivity rates . Discount rates and 
productivity rates often selected at the discretion of the 
researcher.

Willingness-to-Pay (WTP) approach
As per the WTP approach, life and lifestyle changes are 
valued as equal to the amount that the individual is willing 
to spend to reduce their risk of death or illness. WTP values 
can be estimated directly via questionnaires.

Friction Costs approach
Friction costs represent the costs associated with the 
replacement of a sick worker. The concept behind the use of 
friction costs is that production losses due to illness may not 
be as great as expected because existing labor pools and 
workplace structures can absorb some of the lost 
productivity. Friction costs include costs associated with the 
amount of time needed to replace a sick worker, training 
costs of a new worker, and costs associated with any 
decreases in productivity during temporary work absence 
of the sick employee.

The choice of which method to employ in a study can 
significantly influence overall results. For example, 
estimates based on WTP approach are generally larger than 
those generated by a human capital approach. Of the three 
methods, human capital approach has been applied most 
frequently and is the design used in all cost-of-diabetes 
studies.

Data Sources
In India, the primary data sources for COI studies have been 
the surveys and reports of the Ministry of Health and Family 
Welfare, Government of India. General and Health indices 
and health expenditure data can be assessed from Central 

37Statistical Organisation . The data from websites of World 
38,39Health Organization can provide disease specific data . 

Moreover, associations in the particular field of study 
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publications of newspaper, Insurance organizations can 
provide valuable data in the respective fields. National data 
on employment and income are also available through 
government publications. Nationally representative data 
are preferable because they permit cost estimates to be 
generalized to the entire population without bias.

Perspectives
Nearly all of the COI studies conducted today follow the 

5framework proposed by Dorothy Rice in 1966 . The 
framework examines costs from the societal perspective. 
Nowadays, cost of disease from the perspective of the 
patient is gaining more attention. There are also studies 
conducted from the perspective of the health maintenance 
organization (HMO).

Summary
The diabetes economics literature is extensive and diverse. 

Although many discrepancies exist between the studies 
conducted, one can draw many conclusions from a review 
of the literature. Much attention and effort has been put in 
assessing the cost of diabetes over the past four decades. In 
the first part of this review, attention was paid to the process 
and methods of collecting data. These studies have 
repeatedly found a large economic burden associated with 
diabetes. It is reasonable to conclude that diabetes is a 
comprehensive chronic disorder with short term and long 
term complications. Established methods in estimating the 
cost of diabetes that rely on primary diagnosis are likely to 
severely underestimate the impact of diabetes. Unless the 
data is based on individual responses, unlike the studies 
based on national data, the estimates will clearly be 
unrealistic and incomprehensive. Despite several advances 
in the approach to estimating the costs of diabetes, there is 
no standard for estimating these costs.
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