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Vancomycin is the antibiotic of first choice for the treatment of methicillin resistant Staphylococcus 
aureus (MRSA) infection. Its use is associated with adverse effects in children with a frequency of 5 -
14% and in adults with 1.6 - 35%. Of these adverse effects to vancomycin, two kinds have been 
described. The first is anaphylactic immunologic or immediate hypersensitivity mediated by 
immunoglobulin type E (IgE). The second is IgE independent anaphylactoid reaction, also referred to as 
nonallergic drug hypersensitivities or pseudoallergic reactions, known as red man syndrome (RMS). 
The signs and symptoms of anaphylactoid reaction principally occur in the first dose of vancomycin 
and could be accompanied by hypotension and cardiac arrest. The severity of the reaction is 
proportional to the dose administered, infusion velocity, and liberation of histamine in blood.  
 
Key words: Vancomycin, adverse effects, hypersensitivity, red man syndrome, histamine, infant population.  

 
 
INTRODUCTION 
 
Methicillin resistant Staphylococcus aureus (MRSA) is a 
public health problem. In U.S.A., the incidence of 
infection by MRSA in 2005 was estimated to be 31.8 per 
100,000 inhabitants with mortality rate of 6.3/100,000 
inhabitants (Svetitsky et al., 2009). Vancomycin is the 
drug of choice for the treatment of MRSA, Corynebac-
terium jeikeiumand, resistant strains of Streptococcus 
pneumoniae. (An et al., 2011).   

Vancomycin is a glycopeptide obtained from 
Amycolatopsis orientalis. It was developed as an active 
antimicrobial agent for Grampositives, above all, 
staphylococci producers of β-lactamase. It is an 
alternative drug for penicillin and/or cephalosporin allergic 
patients (Núñez  et al., 2006) with bactericidal activity. Its 

mechanism of action is to inhibit the synthesis of Gram 
positive bacterial cell wall at the formation level of 
polymers of N-acetylmuramic acid and N-acetylglu-
cosamine or the aminoacid chains interwoven inside 
peptidoglycan structure (Pootoolal et al., 2002). The use 
of vancomycin is associated with adverse effects. An 
adverse reaction to medicines (ARM) is unintentional 
harmful response to drugs occurring at normal dose 
when administered in humans for prophylaxis, diagnosis, 
and treatment of sicknesses, or for the modification of 
physiologic function. ARMs are public health problem due 
to the fact that these reactions are often unpredictable 
and put at risk the life of patients (Limsuwan and Demoly, 
2010). Their knowledge could help in predicting the risk
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of administration and prevention of specific treatments 
(McAuley, 2012, Edwards and Aronson, 2000). Of these 
adverse effects to vancomycin, two kinds have been 
described. The first is anaphylactic immunologic or 
immediate hypersensitivity mediated by immunoglobulin 
type E (IgE). The second is IgE independent anaphy-
lactoid reaction, also referred to as non-allergic drug 
hypersensitivities or pseudoallergic reactions, known as 
red man syndrome (RMS) (Riedl and Casillas, 2003; 
Farnam et al., 2012). Nonallergic drug hypersensitivities 
reaction could occur on first exposition to the drug 
(Brown, 2009).  

Vancomycin could directly activate priming cells or 
mastocytes, also denominated as granular cells of 
connective tissue. Mastocytes come from CD34

+
 

precursor cells of the bone marrow. The granules of 
priming cells or mastocytes contain heparin, histamine, 
and three classes of neutral protease (tryptase, cymase, 
and carboxypeptidase). The degranulation could be 
induced by IgE dependent or independent immune 
mechanisms (Payne and Kam, 2004). The objective of 
the present revision work is to bring to knowledge the role 
of vancomycin in the development of hypersensitivity 
reactions as well as its underlying mechanisms, and 
which are the risk factors, its prevention, and treatment 
so as to improve the administration protocol and avoid 
iatrogenic events concomitant with its use.     
 
 
MOLECULAR EVENTS AND CLINICAL 
MANIFESTATIONS OF ANAPHYLAXIS ASSOCIATED 
TO VANCOMYCIN 
 
ARM require the creation of awareness on its  mecha-
nism of action, especially when anaphylaxis is suspected. 
Independently of infusion velocity of the medicine, 
vancomycin induces anaphylaxis through immediate 
hypersensitivity reaction mediated by IgE. As a conse-
quence of the union of Fc portion of IgE to the receptors 
of high affinity, FcεRI-α, of priming cell or mastocyte 
membranes, or the membranes of basophilic cells, a 
massive release of inflammatory mediators such as 
histamine, tryptase, prostaglandins, leukotrienes, among 
others is  induced (Bischoff, 2007). The FcεRI-α receptor 
is expressed in priming cell or mastocyte, and basophilic 
cells as a heterotetramer composed of one α and β, and 
two γ chains with the last being bonded by disulphuric 
brigde. The β and γ chains are responsible for 
propagation of signals to the inner part of cells through 
phosphorylation of the thyroxin-rich activation sites. 

The system of signal transductions of FcεRI-Fc 
receptor induces the activation of kinase of Src family, 
the formation of macromolecule complexes in the plas-
matic membrane, activation of phosphoinositol-calcium 
exchange route, the phosphorylation of diverse MAP 
kinases, and controlled transcription of a great number of 
genes. This signal transduction system  regulates  degra-  

Rosa et al.          1855 
 
 
 
nulation of priming cell or mastocyte and production of 
cytokines (González et al., 2005).  

Many cases of anaphylaxis are due to activation of 
histamine receptors, and interaction between H1 and H2 
receptors, all of which can lead to acute bronchospasm, 
and wheezing dyspnea as a result of bronchial smooth 
muscles constriction and mucosal viscosity increase. The 
combination of the stimulation of H1 and H2 receptors 
increases vascular permeability, hypotension, tachy-
cardia, and headache. Histamine is not the only agent 
that produces symptoms of anaphylaxis. The 
prostaglandins, leukotrienes, and platelet activating factor 
also play an important role in bronchospasm by 
increasing vascular permeability and aiding vasodilatation 
(Bertolissi et al., 2002). 

Early diagnosis of anaphylaxis could be achieved by 
measuring the blood histamine. Unfortunately, the half-
life of histamine is short. The tryptase of priming cells or 
mastocytes could provide an alternative approach to 
histamine determination (Laroche et al., 1991). 

The tryptases are serine tetrameric proteases with a 
molecular weight of approximately 134 kDa. The enzyme 
has four subunits, each unit having its active site. The 
priming cells or mastocytes principally express two types 
of tryptases: α and β tryptases. β tryptase serves as a 
marker of the activation of priming cells or mastocytes. 
The measurement of the concentration of blood tryptase 
is used to distinguish the reactions dependent on priming 
cells or mastocytes activation such as anaphylactic and 
anaphylactoid reactions of other systemic alterations that 
could simulate similar clinical manifestations (Payne and 
Kam, 2004). 
  
 
MOLECULAR EVENTS AND CLINICAL 
MANIFESTATIONS OF ANAPHYLACTOID 
REACTIONS ASSOCIATED TO VANCOMYCIN 
 
The red man syndrome is a common adverse event in 
children receiving vancomycin (Myers et al., 2012). The 
RMS is characterized by maculopapular rash on the 
neck, face, and upper part of the trunk, upper and lower 
extremities and could affect big areas of the body. It 
could be accompanied by tachycardia or bradycardia 
which could sometimes lead to cardiac arrest, increase in 
temperature, scratches, and hypotension with the last 
being caused by the liberation of histamine which leads 
to vasodilation and therefore myocardial hypotension and 
direct inhibition of its function. In majority of the patients, 
the presence of tachiphylaxis is seen (Kupstaitė et al., 
2010).  

In lactates, the rash is associated with the reduction of 
tissue perfusion, cold extremities, increase in the 
necessity of oxygen and lethargy. This adverse effect 
could appear during and between 4 - 10 min after the 
parenteral administration of the first dose of vancomycin. 
The reaction could disappear after 20  min  or  persist  for  
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various hours. The severity of the reaction to vancomycin 
is proportional to the dose administered and the velocity 
of infusion (Sivagnanam and Deleu, 2003).  

Vancomycin induces hypersensitivity reaction (RMS) 
through IgE independent pathway (Kupstaité et al., 
2010). The activation of priming cells or mastocytes, and 
basophilic leucocytes triggers a cascade of liberation of 
various pro-inflammatory and vasoactive substances 
such as histamine, leukotrienes, tumor necrosis factor 
(TNFα) and platelet activating factor. Histamine is 
liberated by the granules of priming cells and basophils 
due to different stimuli such as inflammatory processes, 
physical agents, drugs like morphine and vancomycin 
(López, 2009). Great varieties of medicines induce the 
liberation of histamine from the mastocytes in a direct 
form and without previous sensitization. All the 
substances that induce histamine secretion activate the 
secretory response of the mastocytes or basophils by 
increasing intracellular ion (Sivagnanam and Deleu, 
2003).  

 Vancomycin is a prototype activator of priming cells or 
mastocytes, and seems to be partially dependent on 
calcium for the liberation of histamine and tryptase via 
mechanisms depending on phospholipase C (PLC) and 
phospholipase A2 (PLA2). This could be the result of 
direct action of vancomycin on PLC and PLA2 or by 
unknown receptor stimulation mechanism (Veien et al., 
2000). 

The amount of liberated histamine is associated with 
the velocity of administration and to the concentration of 
vancomycin in blood (Riedl and Casillas, 2003). 
Vancomycin prolongs the systemic effect of histamine 
liberation by inhibiting the action of N-metyltransferase, 
an enzyme responsible for histamine metabolism (Myers 
et al., 2012). 

Shuto et al. (1999) reported in an in vivo and in vitro 
study that muscle relaxing medicines (pancuronium, 
vecuronium, and succinylcolin) and morphine increase 
the release of histamine when combined with 
vancomycin. The intravenous injection of vancomycin in 
rats (1.25 to 10 mM / 30 min) after morphine 
administration led to the increase in blood histamine 
level. These results suggest that vancomycin directly 
opens calcium Ca

++ 
channels and induces the release of 

histamine. On the other hand, it was believed that 
morphine activates G proteins. The release of 
intracellular Ca

++
 induced by these two different 

mechanisms could contribute synergically to the release 
of histamine by priming cells or mastocytes. This is 
observed in the area below histamine curve in correlation 
to the severity of vancomycin induced erythema. These 
results show experimental evidences that the combi-
nation of muscle relaxing medicines or morphine with 
vancomycin could increase the risk of anaphylactoid 
reaction for the increase in the liberation of histamine 
(Shuto et al., 1999). In 1990, Healy et al. suggested that 
histamine receptors begin to desensitize due  to  previous  

 
 
 
 
vancomycin exposition and/or other cofactors such as 
serotonin, bradykinin, cyclic GMP, and PGD2. Moreover, 
interindividual differences in the sensitivity of histamine 
receptors could explain why some people release great 
amount of histamine without presenting a significant 
reaction with the administration of vancomycin (Healy et 
al., 1990). 
 
 
EPIDEMIOLOGY 
 
One of the causes of morbi-mortality in the world is 
adverse reaction of the medicines provoked by immune 
and non-immune mechanisms, where iatrogenic repre-
sents 5 -15%. In the United States of America, more than 
100,000 deaths are attributed to ARM. ARM, including 
hypersensitivity reactions to medicines, is among the 
fourth or sixth largest causes of death (Lazarou et al., 
1998). Hypersensitivity reactions to medicines (RAM) are 
seen in 10 - 20% of hospitalized patients (one-third of all 
the adverse reactions to medicines) and more than 7% of 
the general population (Limsuwan and Demoly, 2010). 

In a retrospective study carried out in a series of 650 
children who received vancomycin (12.9 mg/K/dose), 11 
cases of RMS were reported accounting to a prevalence 
of 1.6%. Two of the 11 cases were children less than 8 
years old (Levy et al., 1990). On the other hand, in a 
study of 224 patients (110 males and 114 females) with 
age range of 19 - 56 years, who were treated with 
vancomycin for 7.5+9.3 days, the global incidence of 
adverse reactions was 3 - 6% while the incidence on 
healthy volunteers who received 1 g of vancomycin in 
infusion was 80 - 90%. Polk (1991) suggested that the 
patients who received vancomycin could present less risk 
of adverse reaction than healthy volunteers possibly for 
the liberation of histamine that accompany the infection 
process, malignancy or renal insufficiency.  

In a study carried out in healthy volunteers 
(vancomycin 1g/60min), the incidence of ARM was 80 - 
95 and 30% in patients treated with vancomycin 1 g / 120 
min. One possible reason for this result is that the 
infection induced a certain amount of histamine as part of 
natural immune response that increased histamine 
concentration which could be associated to a downward 
regulation of the effect of vancomycin in the mastocytes 
and basophilic leukocytes. Literature reports indicated 
that a more severe reaction occurs in patients less than 
40 years old, specifically in children (McAuley, 2012). 
RMS seems to occur with the same frequency not only in 
men but also in women. The incidence of clinically 
significant cutaneous reaction related with infusion of 
vancomycin in patients was less than 5%. Age was a risk 
factor and could explain the high incidence of 6% in 
youths with prolonged therapy (Kupstaitė et al., 2010). In 
another study of 20 children that received 15 mg/kg of 
vancomycin for 60 min, the patients were monitored 
along infusion time with the finding that 7  of  the  children 



 
 
 
 
(35%) developed anaphylactoid reaction induced by 
glycopeptides, presented hypotension. RMS had an 
incidence of 3.7 to 47% in patients treated with 
vancomycin and higher than 90% in healthy patients.  In 
summary, the estimation of RMS incidence widely varies 
in the studies but all reflect coincidence in the infusion 
velocity, vancomycin concentration, definition of reaction, 
observation diligence, study design, inclusion criteria 
(healthy volunteers or patients), and concomitant 
medication (Korman et al., 1997). 
 
 
PREVENTION AND TREATMENT OF RED MAN 
SYNDROME  
 
In the recent decades, increase in antimicrobial resis-
tance has been observed. It is believed that 25 - 50% of 
all prescribed antimicrobials are inappropriate with 
respect to the selection of the medicine, administration 
doses, and the duration of treatment (Junior et al., 2007). 
In a random trial of 33 patients treated with vancomycin 
(1 g/ 60 min) who were previously administered oral 
diphenhydramine (50 mg), it was found that none of the 
patients presented RMS. The reaction was seen in 47% 
of the patients who did not receive pretreatment with 
diphenhydramine (Wallace et al., 1991).  

Fast infusion of vancomycin provokes histamine 
mediated effects. In a random study of fast infusion of 
vancomycin (1 g/ 10 min) in 30 pre-operative patients, 
oral premedication of antihistamines reduced the 
incidence and severity of RMS. In this study, oral 
diphenhydramine (≤ 1 mg / kg) administered for 1 h and 
oral cimetidine (≤ 4 mg / kg) also for 1 h before the 
infusion were used. The findings were that 50% of the 
patients treated with placebo developed hypotension 
while none in the group treated with antihistamines 
suffered this, although one patient in the latter group 
complained of mild scratches (Renz et al., 1998). In 
majority of the patients receiving first-time treatment with 
vancomycin at an infusion velocity of ≤10 mg/min, 
premedication with antihistamines for prevention of RMS 
is not needed. In general, at a dose of ≤ 500 mg/h, or 500 
mg to 1 g administrated for more than 2 h, premedication 
is not necessary. However, an even lower infusion 
velocity is advised for patients receiving treatment of 
opioids or other medicines that predispose the activation 
of priming cells or mastocytes (Kupstaitė et al., 2010). 
Therefore, RMS could be prevented by decreasing the 
infusion velocity of vancomycin for at least 1 h (maximum 
velocity of 1 g for 90 min), monitoring of blood pressure 
during the infusion, and administration of premedication 
of antihistamines that block H1 and H2 receptors. The 
combination of H1 and H2 antagonists is more effective 
than using only H1 (Sivagnanam and Deleu, 2003). 
Wazny and Daghigh (2001) suggest that a vancomycin 
desensitization should be considered for severe RMS 
and   anaphylactic  reactions,  that  is  not  responding  to  
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usual measures, when substitution of another antibiotic is 
not feasible.  A rapid desensitization is preferred as it is 
effective in the majority of patients, in patients who fail to 
desensitize rapidly; a slow desensitization protocol may 
be tried (Wazny and Daghigh, 2001). 
 
 
VANCOMYCIN AND RISK FACTORS FOR 
HYPERSENSITIVITY REACTION DEVELOPMENT  
 
The treatment of systemic infections with vancomycin 
requires the intravenous administration of the medicine, 
usually by intermittent infusion due to its minimal 
absorption when orally administered (Revilla, 2009). The 
interindividual variability of a population in terms of 
efficacy and safety of therapeutic agents depends on one 
part on the following factors: age, sex, weight, renal and 
hepatic functions, co-medication, heterogeneity of the 
sicknesses, and nutritional state. With respect to the 
influence of physiologic factors, age is the most important 
since the expression of maturity state affects pharma-
cokinetic of medicines suggesting the necessity of 
establishment of strategies for dose adjustment (Balboa 
and Rueda, 2004). In newborns, there is a relation 
between depuration of vancomycin, gestational and 
postnatal age (Anderson et al., 2007). There are 
differences in the pharmacokinetic parameters of 
vancomycin for age effect. In premature (gestational age 
≤ 32 weeks), the depuration of vancomycin is less due to 
a lower glomerular filtration capacity. It is known that 
filtration and depuration volumes proportionally increase 
with age due to maturity of the elimination system. The 
distribution volume is relatively higher in children than in 
adults for the presence of a higher percentage of water.  

Intravenous administration of vancomycin with a unique 
dose of 500 mg in adults reaches plasma concentrations 
of 6 to 10 mg/100 ml in 1 or 2 h. The half-life (T1/2) of 
vancomycin varies depending on the age group. In 
newborns, it is from 6 - 10 h (10 - 15 mg/kg every 6 – 18 
h depending on the age). In infants of 3 - 4 years old, it is 
4 h. In children older than 4 years, it is 2.2 – 3 h while in 
adolescents, it has not been defined. However, there is a 
hypothesis that puts it at the same with infants (doses for 
infants, children, and adolescents 10 mg/kg every 6 h) 
and 5 -8 h in adults (doses of 15 – 20 mg/kg every 6 – 12 
h) (Broome and So, 2011). The factors that affect the 
clinical activity of vancomycin are its tissue distribution, 
the inoculation site, the bond to protein, and the infusion 
velocity (Rybak, 2006). The efficacy and toxicity are 
related to the plasma concentration of the drug. For this, 
the present clinical guide recommends maintaining the 
minimal concentration (Cmin), determined at the end of 
administration interval, at a therapeutic range of 5 and 10 
µg/ml, and maximum concentration (Cmax), determined 3 
h after intravenous administration, at not more than 40 
µg/ml. Apart from RMS, other principal adverse reactions 
of  vancomycin   include   ototoxicity,  nephrotoxicity,  and 
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phlebitis (Rocha et al., 2002).  

The kinetic behavior of vancomycin could be modified 
by different clinical and physiologic factors. The 
penetration of vancomycin into cerebrospinal fluid is 
favored by the presence of meningeal inflammation, but 
the variability of the concentration and minimal inhibitory 
concentration (MIC) that should be reached needs 
intraventricular or intrathecal administration in the case of 
central nervous system infections. Also, access of 
vancomycin to lung tissue is variable. For this reason, its 
use by inhalation has been in promotion (Revilla, 2009).   

Epidemiological data report the existence of factors 
increasing the risk of adverse effects such as 
concomitant sickness like asthma, erythematous lupus, 
the use of beta blockers, and drug administration. The 
most important risk factors related to drug hyper-
sensitivity reactions are associated to the chemical 
properties and to the molecular weight of the drug (Riedl 
and Casillas, 2003; Schnyder, 2009). The presence of 
scratch during the administration of vancomycin in infant 
population could be a sign of alarm indicating the 
presence of peripheral vasodilatation. This could be 
opportunely detected in patients that are at a risk of 
presenting hypotension. The lack of hemodynamic and 
respiratory changes in patient treated with β-blockers 
before any surgery probably show that these agents 
could confer protection against anaphylactoid reactions 
mediated by histamine liberation (Bertolissi et al., 2002). 
Women present values of distribution volume greater 
than men. The difference is even much greater in case of 
obese women. These data suggest that vancomycin 
distribution in fat is higher in female. The influence of 
obesity in the kinetic behavior of this antibiotic has been 
established showing an increase in the distribution 
volume and depuration of vancomycin (Penzak et al., 
1998). 

 
 
Conclusion 

 
The red man syndrome is an idiosyncratic phenomenon 
and does not depend on concentration of vancomycin. To 
avoid the possible presentation of RMS induced by 
vancomycin, it is necessary to administrate the drug at an 
infusion time of at least 1 h. The benefit of antihistaminic 
prophylaxis to reduce the incidence and severity of RMS, 
and elaboration of specific guide for its use should be 
considered.  

 
 
ABBREVIATIONS 

  
MRSA, Methicillin resistant Staphylococcus aureus; 
ARM, adverse reaction to medicines; IgE, 
immunoglobulin type E; RMS, red man syndrome; TNF, 
tumor necrosis factor; PLC, phospholipase C; PLA2, 
phospholipase A2; MIC, minimal inhibitory concentration. 
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This study is a proposal for a framework for an emergency response plan (ERP) to tackle emerging 
infectious diseases (EIDs) in order to reduce possible hazards to medical personnel. This ERP was 
formulated and amended based on the PDRA-Cycle mechanism, which was developed from Deming’s 
PDCA Management Cycle (1986). A total of 11 emergency response management items were drawn up 
using document analysis and in-depth interviews to facilitate the making of applicable standard 
operation procedures (SOPs) for each hospital. This study includes key recommendations for the 
implementation of ERP, specifically for the government and hospital administrations, as follows: 1) The 
existing Labor Health and Safety Law should be amended to include specific guidelines for biological 
hazards; 2) labor should be coordinated and divided between infection control departments and 
occupational health and safety departments to jointly prevent the transmission of EIDs; 3) hospitals 
should set up SOPs based on the emergency response framework proposed in this study; 4) hospitals 
should establish a risk-assessment mechanism for EID hazards; 5) hospitals should strengthen the 
training, education and practice programs required to prevent EID hazards; and 6) hospitals should 
strengthen communication/coordination, setting up a framework and a center for incident command 
structure to deal with various emergency activities regarding EIDs.   
 
Key words: Emergency response plan (ERP), emerging infectious disease (EID), occupational health and safety, 
infection control, hospital management, biological hazard. 

 
 
INTRODUCTION 
 
The phrase “emerging infectious diseases (EIDs)” refers 
to infectious diseases that have increased in incidences in 
the past two decades, or that may affect humans in the 
future. Each occurrence of an emerging or reemerging 
infectious disease causes great damage to a nation’s 
and/or the world’s economies and the lives of its citizens. 
Cases such as the outbreaks of the Ebola virus (Hoenen 
et al., 2006), H5N1, the avian influenza virus in Hong 
Kong (Li et al., 2004), the Nipah virus in Malaysia (Adam, 
1999), the West Nile virus (Mostashari et al., 2001), and 

severe acute respiratory syndrome (SARS) in China, 
Hong Kong, Singapore, Vietnam, Taiwan and Canada in 
2002, are all examples of EIDs (Centers for Disease 
Control and Prevention, 2005). EIDs are highly 
unpredictable, because it is unknown when, where or 
what infectious disease may occur, so no specific 
corresponding preparation may be taken in advance (Su 
et al., 2003; Wilson, 1999; Alleyne, 1998). Michael et al 
(2012) studied International Health Regulations in 
reporting WHO for EIDs and they found that by setting up  
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more prescriptive criteria, the validity could be improved. 
However, the criteria should be adjusted in order to adapt 
to future unknown EIDs’ threats. Attacks of EIDs in 
hospitals and among healthcare workers are far-reaching. 
Hospitals in the post-SARS era must have proper and 
complete response measures. There must be a 
well-structured standard operating procedure (SOP) for 
each department in a hospital: whether it is the infectious 
response organization, personnel training, logistic 
planning and mobilization, infectious disease operation 
standards, staff protection measures, or others, action 
must be taken to prevent the re-emergence of infectious 
diseases so that hospitals are not part of the transmission 
chain. According to studies (Wilson, 1999; Alleyne, 1998), 
when there is an EID outbreak, about 3 to 5 percent of 
patients contract nosocomial infections, leading to longer 
hospital stays which consume limited hospital resources, 
expand the actual disease incident and mortality rates, 
and potentially increase the pressure on hospital 
healthcare cost controls. Furthermore, the surge of EIDs, 
the re-emergence of existing infectious diseases, and the 
increase of multi-drug-resistant bacteria are 
demonstrating the importance of infectious disease 
control and the development of SOP guidelines to 
hospitals (Gamage et al., 2005; Lu et al., 2006; Carrico et 
al., 2008; Rebmann, 2009a). 

Effective emergency response strategies are 
indispensable in reducing EID transmission in hospitals. 
Although EIDs are not a prevalent threat, their occurrence 
often causes panic in a community; consequently, 
hospitals must invest a considerable amount of resources 
to curb the crisis brought on by the EIDs, and develop 
effective emergency response plans (ERPs) to minimize 
the damage. Rebmann (2009c) points out that hospital 
emergency management plans not only stop the 
transmission of infectious diseases—more importantly, 
they also reduce healthcare workers’ fears of becoming 
infected. However, the establishment of an ERP must be 
supported within the concept of risk management. Based 
on the Australian Standard (AS/NZS 4360: 1999), risk 
control is defined as “part of risk management, which 
involves the implementation of policies, standards, 
procedures and physical changes to eliminate or minimize 
adverse risks”.  

The purpose of risk control is to reduce the damage 
caused by catastrophic hazards because the occurrence 
of a disaster may result in human casualties, financial ruin 
or environmental damage. Formulating a plan that 
encompasses staff, facilities and management thus has 
far-reaching impact for hospitals. 

In this study the researchers aim to design and develop 
an emergency response framework to minimize the 
probability of healthcare workers becoming infected when 
a hospital is experiencing an EID outbreak. The results of 
the study may be used as a reference for hospitals to 
formulate EID hazard management plans, and the 
emergency response components proposed in this study 
may be used to compile more detailed SOPs. 
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RESEARCH METHODS 
 
The research methods used in this study are document 
analysis and in-depth interviews, described as follows: 
 
 
Document analysis 
 
A literature review and document research were 
conducted for this study. Journals and professional 
reports were the focus of the literature review and were 
used to understand EID hazard management measures 
used overseas. Document research focused on infectious 
control guidelines and ERPs provided by the World Health 
Organization (WHO), the U.S. CDC, CDC Taiwan, the 
Institute of Occupational Safety and Health, and by ten 
different hospitals in Taiwan. 
 
 
In-depth interviews 
 
This study conducted in-depth interviews with a total of 15 
hospital staffers, including infectious disease specialists, 
infection control personnel, and occupational safety and 
health management staff. The interviews primarily 
focused on the tasks of the infection control department, 
and the occupational health management procedures, 
protocols, and tasks of each hospital during the SARS 
outbreak, in order to gain insights from key personnel 
from each hospital concerning EID hazards and gather 
their insights on system design, which was then used as 
the basis for an emergency response framework. 
 
 
Formulating and revising the ERP-The PDRA 
 
After reviewing and analyzing the emergency response 
documentation developed by various hospitals, the 
researchers selected the management cycle theory 
proposed by Deming (1986) in which he suggested that a 
planned management action, PDCA (Plan, Do, Check, 
Action), should be implemented. The PDCA is illustrated 
in Figure 1. 

In this approach, P stands for plan: all management 
activities begin with planning, and only with a detailed 
plan can obstructions to implementation be minimized. D 
stands for do: a perfect plan relies on its execution, and 
Deming (1986, 1993) stresses that execution is necessary 
to follow a plan through to completion. C stands for check, 
checking the result of doing: administrators should have a 
checklist to monitor how many elements of an ERP had 
been implemented, and to identify obstacles or items that 
require improvement. A stands for improvements and 
corrections made to the checked results and the 
management activities after implementation. The PDCA 
management cycle is thus repeated, each time bringing it 
closer to the goal and achieving the best management 
results. To apply the PDCA approach to formulating  and  
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Figure 1. PDCA-management cycle. 
 
 
 

improving hospital ERPs, the researchers drew up a 
PDRA Emergency Response diagram, shown in Figure 2. 
The PDCA approach was modified to PDRA in this study, 
where C (Check) was replaced by R (Research) for 
research improvement. Its significance lies in that 
infectious control personnel and occupational health 
management staff must continuously research and absorb 
new information in the process of handling EID hazards. 
For example, the information gathered from the websites 
of organizations such as the WHO, the U.S. CDC, the 
CDC in Taiwan, and other professional medical 
associations, is used to educate the public and to plan 
amendments. Furthermore, infectious control personnel 
are constantly involved in computing the infection rates of 
various viruses for each clinic, ward, and department, to 
help find possible infection sources and prevention 
measures with the help of statistical analysis. These tasks 
are beyond the description of Checking, and are more in 
line with Research. 

The design of the PDRA diagram below is based on the 
idea of loss control: a hospital is represented in the center 
as the main structure, surrounded by an inner circle and 
an outer circle, indicating that an emergency response 
mechanism activated during an EID outbreak will perform 
as an elaborate protection system to defend healthcare 
workers from infection. If a case of nosocomial infection 
occurs, this emergency response mechanism will contain 
the damage within the hospital, preventing the spread of 
the illness to other hospitals or to the public and thus 
avoiding panic. Arrows of the inner circle point to PDRA, 
while the outer circle contains the emergency response 
framework and its components. 

Prior to field-testing the framework, experts in the 
relevant fields were convened for a forum discussion, and 
thereafter the emergency response management 
framework was divided into 11 components: 1) emergency 
response measures; 2) nosocomial infection control of the 
healthcare unit; 3) patient transfer within the hospital, 
patient transfer in and out, and patient transport; 4) 
hospital staff protection; 5) fever screening operation; 6) 
quarantine area and (negative pressure)  isolation  ward  

 
 
 
 
infection control; 7) protection and safety measures; 8) 
logistic support operations; 9) training education; 10) audit 
procedures; and 11) occupational hazard compensation. 
The P in PDRA means that hospitals must formulate more 
detailed SOPs, while following the 11 components of the 
outer circle of this study. D means that ERP drills, or the 
activation of the emergency response mechanism, must 
be managed by observing SOPs. R means that if an SOP 
needs improvement after going through the 
above-mentioned D process, the infectious control 
department or occupational health department should 
study and continuously improve the SOP. A means that in 
order to verify the ease of implementation of the amended 
SOP, simulations and drills must be conducted. The 11 
components are assessed and improved by using the 
PDRA periodical cycle mechanism, and include a 
feedback mechanism. The outer circle indicates that 
although each of the 11 components operates 
independently, situations may arise where one can 
impede another. As such, mutual assistance and support 
are required to maintain the integrity of the goal.   
 
 
Formulating the emergency response framework and 
its components 
 
To further understand the content encompassed in the 11 
components, in-depth interviews were conducted. 
Summaries of these interviews are listed below. 
 
 
Item 1: What are the top components of the 
emergency response measures (ERM)? 
 
The ERM in hospitals is determined by top management. 
In an emergency, the hospital staff would be divided into a 
logistics group, a medical group, an infection group and 
other groups, based on their job assignment. Most 
importantly, there must be clearly defined authority and 
responsibility.  

There must be a clearly defined command center with 
full-time secretaries who can keep abreast of the 
immediate situation within the hospital. There must be a 
complete and thorough reporting process such as the 
5W1H (Why, What, Where, When, Who, How) method, 
and the reporting protocol must be clearly defined.  

There must be a drill template setup for the ERM, so 
that confusion can be avoided when a crisis occurs. 
Hospitals must set up a quarantine area to avoid 
transmission between healthcare workers and patients. 
When hospitals cannot handle infectious patients, a 
relevant medical care plan may be required. Perhaps 
patients could be sent to a dedicated hospital, experts 
could be invited for assistance, or an emergency medical 
team could be called to help. The ERM should be revised 
periodically, must comply with the WHO’s or the CDC’s 
EID monitoring system, and drills must be conducted so 
that the staff can cope with the impact of the next wave. 
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Figure 2. PDRA of the emergency response framework. 

 
 
 

Item 2: What should be included in the nosocomial 
infection control plan in a healthcare unit? 
 
Departments should be separated based on their infection 
probability to avoid confusion. 
The emergency room, being the frontline of the impact, is 
particularly important. Additionally, the hemodialysis room, 
burn unit, maternity ward, nursery, intensive care units 
(ICU), operating rooms, pediatric ICU, respiratory care 
wards, laboratory unit, pathology unit, and radiology unit 
are all highly susceptible to infection and must have 
special attention.  
The outpatient clinic, general wards, supply center and 
nutrition department are less susceptible, but they could 
also be part of the viral transmission chain and will need 
special attention.  

The morgue is also very important. It has been reported 
that workers at a mortuary contracted SARS when 
handling the remains of a SARS patient. 
   
Item 3: What should be included in the guidelines for 
patient transfer within the hospital, patient transfer in 
and out of the hospital, and patient transport? 
 
Patients with suspect infections may be transferred to 
isolation wards. It is possible that patients with suspect 
infections could be transferred in from areas outside of the 
hospital. 

If the hospital is not a dedicated hospital for EID, and is 

visited by patients with suspected infections, these 
patients must be transferred to a dedicated hospital for 
care. 

Personnel responsible for transporting specimens taken 
from hospitalized patients with suspect infections must 
take precaution to avoid contamination. Precaution should 
also be taken when taking X-rays of these patients. A 
mobilized X-ray machine is preferable; however, a 
hospital without such equipment must have an operating 
protocol in place to avoid contamination. 
  
 
Item 4: What kind of personal protection equipment 
(PPE) should be provided for hospital staff? 
 
Proper use of PPE played an important role in protection 
during the SARS outbreak. During the outbreak, 
government agencies issued equipment to hospitals, 
including a variety of facemasks and other protective 
equipment, which many healthcare workers did not know 
how to use correctly. 

When several employees come down with fevers, it 
indicates the possibility of a nosocomial infection 
outbreak. These cases must be handled carefully. Other 
people with whom the affected employee(s) may have 
come into contact must be traced, body temperatures 
checked and reports submitted. Relevant operation 
standards must be clearly defined.   

Outsourced staff and pharmaceutical representatives go  
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in and out of various units in the hospital. They can easily 
become part of the viral transmission chain. Their 
non-hospital employee status makes them blind spots in a 
disease-prevention plan, so relevant guidelines must be 
developed to handle non-hospital employees. 
 
 
Item 5: What processes are to be included in the 
fever-screening operation? 
 
Fever-screening centers should be established and SOPs 
developed. During the outbreak of SARS, fever-screening 
centers were established to prevent the shutdown of 
emergency rooms due to contamination. 

Outpatient nurses must be trained to handle patients 
with fevers, or lead them to the fever-screening center. If 
patients are confirmed as suspected infection cases after 
the screening process, they should be assisted with 
hospitalization. The ER should be divided into two areas: 
a general area and a quarantine area. Patients with fevers 
should be in the quarantine area, in case they are 
confirmed to be suffering from an infectious disease. 
 
 
Item 6: What should be included in the infection 
control operation for the quarantine area and 
negative-pressure isolation wards? 
 
Hospitals must isolate an area for quarantine, and have 
an effective control protocol to manage patients and 
healthcare workers. Thorough disinfection and wearing 
PPE are absolutely required when entering 
negative-pressure isolation wards. The protocol for this 
procedure must be strictly enforced. Isolation wards must 
be regularly disinfected. A strict infection-control operation 
standard is required. Moving between isolation wards will 
require a set of protocols to avoid escalating the 
suspected cases into confirmed cases. 
 
 
Item 7: What should be included in protection and 
safety measures? 
 
There must be a system for patient monitoring, and for 
keeping abreast of the nosocomial infection issues. Data 
analysis should also be conducted to detect potential 
outbreaks or epidemics. Once detected, any incident must 
be immediately investigated. Environmental facilities and 
medical equipment that may be contaminated or pose a 
potential threat to health should also be monitored. 
Fever-screening stations and negative-pressure isolation 
wards must be established. 
 
 
Item 8: What should be included in a logistic support 
operation? 
 
The handling of clothing,  blankets,  bed  sheets,  and  

 
 
 
 
hospital gowns of patients with suspected infections is 
utterly important. The dirty clothing of the patients in the 
isolation wards must be disinfected before it is taken out 
of the ward. Process procedures are required to prevent 
viral transmission via clothing. 

There should be a stricter procedure than the general 
rules for handling hospital waste and infected objects: for 
example, waste collectors should also wear PPE, and 
waste and infected objects should be sprayed with high 
concentrations of disinfectant before collection.   

Cautions should be taken for terminal disinfection of the 
isolation ward. There must be a strict disinfecting 
operation procedure in place to eradicate any residual 
virus. 

When ERM is activated, special attention must be given 
to material supplies and control management. For 
instance, during the SARS outbreak, some healthcare 
workers had to supply their own facemasks, while there 
was a significant shortage of protection gear supplies on 
the open market. Necessary medicine and medical 
equipment should be delivered on time once a request is 
submitted.  

Particular attention must be taken in the handling of 
suspect patients’ remains. After the remains are placed in 
body bags, they should be sprayed with disinfectant. It is 
preferable to double-bag the remains to avoid 
contaminating mortuary personnel. 
 
 

Item 9: What should be included in the training 
education of the ERM? 
 

The ERM drill should be held at least once every six 
months, or upon a plan being amended. However, to work 
around busy schedules, each unit may submit its own drill 
schedule and supervision may be arranged accordingly. 
The ERM drill should be designed with various conditions 
in mind, specifically the use of protection gear. The PPE 
worn by healthcare workers in quarantine areas, 
negative-pressure isolation wards, and general areas 
varies. Proper usage of PPE is an indispensable element 
in epidemic prevention and should be taught in advance. 

There should be a standardized process for checking 
body temperature. Staff responsible for checking 
temperatures should be able to operate and read the 
equipment correctly. It is also very important for the 
healthcare workers to monitor their own temperatures.  
Workers should be trained to correctly mix and use 
disinfectants. 
 
 

Item 10: What should be included in auditing 
procedures? 
 

There should be a performance-assessment system to 
check the effectiveness of the implementation. 

The assessment system should include internal and 
external audits, as well as corrective measures and 
post-correction assessment methods. 



 
 
 
 
Item 11: What should be included in occupational 
hazard compensation? 
 
Occupational hazard compensation should comply with 
relevant occupational hazard regulations, which include 
the Labor Standards Act (2011), Enforcement Rules of the 
Labor Standards Act (2009), and the Act for Protecting 
Workers of Occupational Accidents (2001). Summarizing 
the above, the emergency response framework and its 
components are presented in Table 1.  
 
 
DISCUSSON  
 
To prevent EID hazards, discussion on how government 
and hospitals could implement the ERP are proposed in 
this study: 
 
 
Regulations on the handling of biological hazards 
should be added to the existing Labor Safety and 
Health Act (2002) 
 
Article 1 paragraph 7, and article 2 of the current Labor 
Safety and Health Act require that employers provide the 
necessary safety and health facilities and measures for 
handling biological pathogen hazards (Council of Labor 
Affairs, 2002). However, the Act lacks relevant emergency 
response guidelines, which means that hospitals can only 
apply nosocomial infection control measures for the 
prevention of EID hazards. The existing infection control 
measures have blind spots, that is, when sources of EID 
hazard are unclear, the means of controlling infection may 
be inadequate (Rise and Fall of Diseases, 1993; Chang, 
2003). As mentioned in the editorial “Rise and Fall of 
Diseases” (Rise and Fall of Diseases, 1993), EID hazards 
and relevant information (that is, alerting or not alerting 
the public to the threat) must be controlled with an 
epidemiological approach. There is no “gold standard” of 
quickly acquiring relevant information. Chang (2003) 
points out that the speed and accuracy of diagnosing 
SARS is an important factor in controlling an epidemic; 
thus a rapid screening test method is necessary. 
Obviously, EID hazard management refers only to the 
application of infection-control methods. Before EID 
hazards can be identified, the discrepancies between the 
various infection control methods must be bridged by an 
effective ERP. 
 
 
The division of labor between infection control 
departments and occupational health departments 
must be coordinated to prevent the outbreak of EIDs 
 
Bryce et al. (2008) suggest that good resource allocation 
among a hospital’s infection control department and 
occupational health department will promote healthcare 
workers’ understanding of infection prevention  practices.  
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Bryce et al. (2008) research indicates that infection control 
departments and occupational health departments 
perform core tasks of EIDs prevention. Infection control 
departments’ tasks to prevent EIDs currently include: 
establishing an infection-control monitoring system and 
infection-control measures; using an epidemiological 
approach to investigate and process nosocomial infection 
incidents; providing information for internal hospital 
inquiries concerning nosocomial infections; implementing 
nosocomial infection monitoring and data analysis; and 
reporting to the relevant authorities concerning the status 
of nosocomial infection (Rebmann, 2009). The 
responsibilities of occupational health departments with 
respect to EID prevention focus on effectively blocking the 
transmission of pathogens and performing successful risk 
management, such as: 1) formulating a respiratory 
protection plan; 2) assisting employees in selecting 
protective gear to avoid getting infected, such as goggles, 
gloves, isolation gowns, face masks, and face shields; 3) 
assisting in the design of negative-pressure isolation 
wards or negative-pressure workplaces to avoid 
spreading biological pathogens within the hospital; 4) 
formulating an ERP so that each hospital department 
knows how to respond to pathogens in a “rapid” 
transmission mode; and 5) formulating training education 
plans so that employees understand the hazards of 
biological pathogens and their response measures 
(Chang, 2003), There seems to have been little literature 
concerning how an occupational health department can 
contribute to the prevention of EID hazards before the 
outbreak of SARS. However, since the outbreak of SARS, 
prevention measures originally designed for occupational 
hazards (such as the selection and use of PPE, and the 
industrial ventilation technique, which was adopted in the 
design of negative-pressure wards) have become 
effective methods of blocking the spread of EIDs. 
Subhash and Radonovich (2011) point out that future EID 
prevention programs may adopt the methods used in the 
2003 SARS outbreak, and that prudent planning used in 
the design of negative-pressure wards successfully 
blocked the transmission of SARS. 

Loss control is an important concept in occupational 
health management (Badri et al., 2012). A hospital’s 
management measures in responding to EID hazards 
may include occupational prevention measures such as 
those used in a factory against the hazards of unknown 
chemical agents. By introducing effective ventilation 
techniques and selecting and using proper PPE, a 
disease may be controlled. In the selection and the usage 
of PPE, the factory know-how may: 1) introduce 
healthcare workers to the correct method of using face 
masks, directing their attention to the different grades of 
the product and the snug fit of the masks; 2) provide 
healthcare workers with information on identifying various 
masks and selecting the appropriate mask to avoid 
inadequate protection; and 3) advise healthcare workers 
on protection gear issues and recommend tighter 
protection measures when providing  high-risk  medical 
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Table 1. Emergency response management framework and its components. 

 

Emergency response management framework Components 

Emergency Response Measure  

Emergency response organization personnel grouping and 
responsibility 

Emergency response command center 

Emergency response reporting procedure 

Medical care and recovery plan 

Closure or partial closure plan 

In-hospital traffic planning and quarantine area set-up 

Emergency response drill script 

Emergency response plan revisions 

Nosocomial infection control in a medical unit 

Infection control of entire hospital 

Infection control of general wards 

Infection control of ICU 

Infection control of surgical rooms 

Infection control of ER 

Infection control of clinic department 

Infection control of hemodialysis room 

Infection control of burn center 

Infection control of supply center 

Infection control of nutrition department 

Infection control of maternity wards 

Infection control of nursery 

Infection control of pediatric ICU 

Infection control of respiratory care wards 

Infection control of morgue 

Infection control of laboratory 

Infection control of pathology department 

Infection control of radiology department 

In-hospital patient transfer, patients transferred out 
and in, and patient transport 

In-hospital bed transfer process for patients with suspected 
infections 

Transfer-out process for patients with suspected infections 

Transfer-in process for patients with suspected infections 

X-ray process for hospitalized patients with suspected 
infections 

Specimen transporting process for patients with suspected 
infections 

Hospital workers protection 

The selection, usage, and maintenance of PPE 

Temperature checking and reporting 

Employee quarantine measures 

Medical treatment for employees with fevers 

Entering and leaving procedures for business related 
personnel 

Protection procedures for outsourced staff (i.e., caretakers, 
cleaners, laundry workers) 

Fever-screening operation 

Entering and leaving a fever screening center 

Fever-screening operation in outpatient clinic areas 

Fever-screening operation in ER areas 

Hospitalization after fever- screening operation 

Infection control operation for quarantine area and 
(negative pressure) isolation wards 

Infection control operation for quarantine area 

Infection control operation for isolation wards 
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Table 1. Contd. 

 

 
Entering and leaving various isolation wards 

Entering and leaving (negative-pressure) isolation wards 

Protection and safety measures 

Setting up a fever-screening station 

Setting up (negative-pressure) isolation wards 

Constructing monitoring systems 

Constructing an information exchange platform 

Logistic support operation 

Handling the remains of patients with suspected infections 

Handling the clothing of hospitalized patients with 
suspected infections 

Cleaning and handling infected sheets and gowns 

Handling waste and infected objects 

Final cleaning of isolation wards 

Logistic supply operation 

Training 

Emergency response plan training education 

Temperature checking training education 

Protection gear usage training education 

Disinfection process training education 

Audit procedures 

Performance assessment and monitoring 

Corrective measures and records 

Records and record keeping 

Audits 

Occupational hazard compensation 

The Labor Standards Act 

Enforcement Rules of the Labor Standards Act 

Act for Protecting Worker of Occupational Accidents 

 
 
 
care (Chang, 2003). Mauner et al. (2003) suggest that 
many healthcare workers were infected despite wearing 
masks during the SARS outbreak, and therefore many 
suffered a great psychological impact. Therefore, the 
guidance on selecting and using masks is necessary. 

For ventilation techniques, factory know-how can assist 
the hospitals in building isolation wards or 
negative-pressure wards. In terms of isolation ward 
function tests and the ventilation system assessment of 
fever clinics and screening stations, factory know-how can 
provide models for the use of assessment checklists and 
assist hospitals in performing on-site ventilation system 
assessments and isolation ward personnel management 
(Chang, 2003). 
 
 
Hospitals can refer to the emergency response 
framework developed in this study to formulate their 
own SOPs 
 
In this study the researchers developed an ERP based on 
the concept of loss control, which correspond to logical 
management processes. With this emergency response 
framework, each hospital may be in charge of its own 
detailed operation standards, processes and procedures 
based on their organization structures and respective 

tasks, to implement infection control and occupational 
health management. Corner and Shaw (1989) point out 
that designing a set of procedures and an advanced 
warning system will reduce the risk of infection. 
 
  
Hospitals should set up an EID hazard risk 
assessment mechanism 
 
To quantify loss-control performance, hospitals can set up 
a quantified risk assessment mechanism for possible EID 
damage and its consequences, such as Fault Tree 
Analysis (FTA) and Preliminary Hazard Analysis (PHA) 
(among others), which may also further promote the 
functionality of ERP (Cameron et al., 2008; Fung et al., 
2010). 
 
 
Hospitals should strengthen training, education, and 
drills to implement EID hazard prevention 
 
The key to implementing ERM is training education and 
practice, the purpose of which is to let healthcare workers 
familiarize themselves with the content and processes of 
ERM, and to have sufficient knowledge on the use of 
PPE, so as to avoid panic when an  ERM  is  activated.  
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Carrico et al. (2008) proposed that infection control 
training education must be used with a well-defined 
training method, and the comprehension levels of medical 
and non-medical personnel concerning the training 
content must be closely monitored. John and Zambrano 
(2004) propose that an ERM must include assessment 
and continuous updating of the training, education 
methods and content, and must provide for continuous 
education. 
 
 
Hospitals should strengthen communication/ 
coordination, setting up a framework and a center for 
incident command structure to deal with various 
emergency activities regarding EIDs 
 
The communication and coordination network in the 
emergency response framework is crucial to successfully 
control EIDs hazards. Rebmann (2009a) emphasized that 
infection preventionists should play an important role to 
facilitate emergency response system, including 
internal/external communication/coordination. Also, each 
hospital should have their own organizational structures 
establish an incident command structure and a center to 
deal with various emergency activities regarding EIDs.  
 
 
Conclusion 
 
For global EID monitoring, hospitals must pay close 
attention to information from the World Health 
Organization (WHO), and reports from newspapers and 
magazines, in addition to officially provided information, in 
order to facilitate the activation of ERM. In this study, the 
researchers adopted Deming (1986, 1993) PDCA 
management cycle theory to formulate an emergency 
response framework, which contained various 
components for an ERM that correspond to logical 
management processes. Each hospital may take charge 
of its own detailed operation standards, processes, and 
procedures based on its organizational structures and 
their respective tasks to implement infection control and 
occupational health management. Bryce et al. (2008) 
studied infection control and occupational health human 
resource allocations of hospitals in British Columbia and 
Ontario in Canada in the post-SARS period. Their results 
show that human resource allocation was sufficient to 
control the spread of the infection, but it was inadequate 
for occupational health, and that this could pose a leak in 
an EID prevention plan for occupational health 
management. Information on teaching materials for 
training education and the usage and maintenance of 
respiratory protection gear may be placed on an 
information exchange platform, built by a government or 
by hospitals, to facilitate healthcare workers easy access 
to new information and to implement training and 
education. Rebmann (2009b) also proposed that there 
must be an internet communication platform for delivering  

 
 
 
 
information on infection incident reports, so that 
healthcare workers may have an immediate grasp of the 
updated information, and that relevant information on PPE 
and the risk of EID infection transmission may be 
provided. Furthermore, Item 2 of the emergency response 
framework, “medical unit nosocomial infection control 
guidelines”, is included particularly for departments with 
highly infectious or invasive treatment. If there are specific 
departments in a hospital not covered by this item, the 
hospital can still refer to the critical concept or logic 
proposed here in setting up relevant measures or SOPs. 
Lastly, hospitals must evaluate their existing nosocomial 
infection control measures and SOPs, analyze a potential 
crisis and its impact, strengthen the case monitoring 
function and infection information judgment, restructure 
and strengthen their EID prevention system, and establish 
a brand new EID emergency response system. 
 
 
ABBREVIATIONS 
 
EID, Emerging infectious diseases; SOP, standard 
operating procedure; ERPs, emergency response plans; 
SARS, severe acute respiratory syndrome; ICU, intensive 
care units; PPE, personal protection equipment 
 
 
REFERENCES 
 

Adam E (1999). New virus is identified in Malaysia epidemic. British 
Med.l J. 318(7193): 1232. 

Alleyne GA (1998). Emerging diseases-what now? Emerg. Infect Dis. 4: 

498-500. 
Badri A, Nadeau S, Gbodossou A (2012). Proposal of a risk-factor-based 

analytical approach for integrating occupational health and safety into 

project risk evaluation. Accident Analy. Prevent. 48: 223-234. 
Bryce E, Copes R, Gamage B, Lockhart K, Yassi A (2008). Staff 

perception and institutional reporting: tow views of infection control 

compliance in British Columbia and Ontario three years after an 
outbreak of severe acute respiratory syndrome. J. Hospital Infect. 
69:169-176. 

Cambridge, MA: Massachusetts Institute of Technology. Center for 
Advanced Engineering Study. 

Gamage B, Moore D, Copes R. (2005). Protecting health care workers 

from SARS and other respiratory pathogens: A review of the infection 
control literature. Am. J. Infect. Control 33(2): 114-121. 

Cameron I, Hare B (2008). Planning tools for integrating Health and 

safety in construction. Construct. Manage. Econ. 26: 899-909. 
Carrico RM. Rebmann T, English JF, Mackey J, Cronin SN (2008). 

Infection prevention competencies for hospital-based healthcare 

personnel. Am. J. Infect. Control 36: 691-701. 
Centers for Disease Control and Prevention. Severe acute respiratory 

syndrome. Supplement C: preparedness and response in healthcare 
facilities. Appendix C2: checklist for SARS preparedness in healthcare 

facilities 2005. Available from: 
http//www.cdc.gov/ncidod/sars/guidance/Cpdf/app2.pdf. Accessed 
November 12, 2005. 

Chang CW (2003). From a SARS Incident: A Look at Medical 
Institutions’ Occupational Health Response Strategies. The Institute of 
Occupational Safety and Health. 

Corner GA, Shaw A (1989). Infection control when servicing medical and 
laboratory equipment. J. Med. Eng. Technol. 13(3): 177-180. 

Council of Labor Affairs, Feb. 27, 2009. Enforcement Rules of the Labor 

Standards Act (Revised Ed.) Executive Yuan, Taiwan. 
http://laws.cla.gov.tw/Eng/FLAW/FLAWDAT01.asp?lsid=FL014931. 

Council of Labor Affairs, Jan. 12, 2002. Labor Safety and  Health  Act 



 
 
 
 

(Revised Ed.) Executive Yuan, Taiwan. 
http://www.iosh.gov.tw/Law/LawPublish.aspx?LID=1 

Council of Labor Affairs, Jun. 29, 2011. Labor Standards Act (Revised 
Ed.) Executive Yuan, Taiwan. 
http://laws.cla.gov.tw/Eng/FLAW/FLAWDAT01.asp?lsid=FL014930 

Council of Labor Affairs, Oct. 31, 2001. Act for Protecting Worker of 
Occupational Accidents. Executive Yuan, Taiwan. 
http://laws.cla.gov.tw/Eng/FLAW/FLAWDAT01.asp?lsid=FL015056 

Deming WE (1986). Out of the crisis. Cambridge, MA: Massachusetts 
Institute of Technology. Center for Advanced Engineering Study. 

Deming WE (1993). The new economics for industry, government, 

education. 
Fung I-W, Tam V-W-Y, Lo T-Y, Lu L-L-H (2010). Developing a risk 

assessment model for construct safety. International Journal of 

Project Management 1-8. 
Hoenen T, Groseth A, Falzarano D, Feldmann H (2006). Ebola virus: 

unravelling pathogenesis to combat a deadly disease. Trends Mol. 

Med. 12(5): 206-215. 
John C, Zambrano J (2004). Continuing medical education programs for 

oilfield health personnel: Strategy to improve solving capacities 

on-site and strengthen the emergency response plan. International 
Conference on Health, Safety and Environment in Oil and Gas 
Explorat. Product.1531-1544. 

Li KS, Guan Y, Wang J, et al. (2004). Genesis of a highly pathogenic and 
potentially pandemic H5N1 influenza virus in eastern Asia. Nature 
430(6996): 209-13. 

Lu Y-T, Chen P-J, Sheu C-Y, Liu C-L (2006). Viral load and outcome in 
SARS infection: The role of personal protective equipment in the 
emergency department. J. Emerg. Med. 30(1): 7-15. 

Maunder R, Hunter J, Vincent L (2003). The immediate psychological 
and occupational impact of the 2003 SARS outbreak I a teaching 
hospital. CMAJ 168: 1245-1251. 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

Liao et al.          1869 
 
 
 
Michael E, David LH, Johan G. (2012). Validity of International Health 

Regulations in reporting emerging infectious diseases. Emerg. Infect. 

Dis. 18(7): 1115-1120. 
Mostashari F, Bunning ML, Kitsutani PT (2001) Epidemic West Nile 

encephalitis, New York, 1999: results of a household-based 

sero-epidemiological survey. Lancet 358: 261-264. 
Rebmann T (2009a). APIC State-of-the-Art report: The role of the 

infectionpreventionist in emergency management. Am. J. Infect. 

Control 37: 271-281. 
Rebmann T (2009b). Assessing hospital emergency management 

plants: A guide for infection preventionists. Am. J. Infect. Control 

37(9): 708-714. 
Rebmann T (2009c). Emergency management. In: Carrico R. editor. 

APIC text of infection control and epidemiology. 3rd ed., Chapter 119. 

Washington, DC: Association for Professionals in Infection Control 
and Epidemiology. Rise and fall of diseases . Lancet. 341: 151-152. 

Sbuhash SS, Radonovich LJ (2011). Hospital surge capacity. ASHRAE 

53(9): 76-78. 
Standards Australia (1999). Risk Management AS/NZS 4360:1999. 

Strathfield, NSW: Standards Association of Australia. 

Su XB, Deng ZH, Su ZY (2003). The discovery and identification of the 
SARS virus. Infect. Contr. J. 13(6):354-358. 

Wilson ME (1999). Emerging infections and disease emergence. Emerg. 

Infect. Dis. 5: 308-309.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hoenen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16616875
http://www.ncbi.nlm.nih.gov/pubmed?term=Groseth%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16616875
http://www.ncbi.nlm.nih.gov/pubmed?term=Falzarano%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16616875
http://www.ncbi.nlm.nih.gov/pubmed?term=Feldmann%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16616875
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=15241415
http://www.ncbi.nlm.nih.gov/pubmed?term=Guan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15241415
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15241415
http://www.ncbi.nlm.nih.gov/pubmed/15241415?dopt=Abstract


 

 

 

 
Vol. 7(27), pp. 1870-1875, 22 July, 2013 

DOI 10.5897/AJPP09.037 

ISSN 1996-0816 © 2013 Academic Journals 

http://www.academicjournals.org/AJPP 

African Journal of Pharmacy and  
Pharmacology 

 
 
 
 

Full Length Research Paper 
 

A survey of the antibacterial activity of three plants 
used in the Congolese herbal medicine practiced by the 

healers in the city of Lubumbashi 
 

Shengo L. M.1*, Mundongo T.H.3,
 Kasamba I.E.2, Malonga K. F.3, and Kapend A. K. L.2 

 
1
Faculty of the Sciences, Department of Chemistry, University of Lubumbashi, P.O. Box 1825, Likasi Avenue, Katanga 

province, The Democratic Republic of Congo. 
2
Faculty of Medicine, Internal Medicine Department and Biological Laboratory of University Of Lubumbashi Clinics, 
University Of Lubumbashi, P.O. Box 1825, Kasapa Road, Katanga province, The Democratic Republic of Congo. 
3
Faculty of Medicine, Department of Public Health, University of Lubumbashi, P.O. Box 1825, Kasapa Road, The 

Katanga province, Democratic Republic of Congo. 
 

Accepted 10 June, 2013 
 

In order to promote Congolese folk medicine, which has been proven to be a viable alternative for our 
population confronted with health problems due especially to the lack of easy access to primary care 
and considering the multiplicity of diseases which daily torment them, a survey of the antibacterial 
activity of three medicinal plants used in herbal medicine by the healers in the city of Lubumbashi has 
been carried out. Tests of sensitivity of the microbes towards the plant extracts have been achieved in 
order to search for their therapeutic efficiency since according to the ethnobotanical information, they 
are used against many diseases. After analysis, the results showed that, as far as their inhibitory 
capacity on the microbes is concerned, the three plants (Terminalia mollis, Diospyros batocana  and 
Antidesma venosum) were bioactive. Proteus mirabilis is the microbe more sensitive to the extracts of 
T. mollis whereas Salmonella typhii showed greater sensitivity to extracts of D. batocana and A. 
venosum. Concerning Klebsiella pneumoniae pneumoniae, no sensitivity was observed towards 
extracts of A. venosum. 
 
Key words: Antibacterial activity, medicinal plants, microbe sensitivity.  

 
 
INTRODUCTION 
 
No one can minimize the important role played by the 
healers in the improvement of the health’s system in 
many African countries (Barakat et al., 2013; Samy et al., 
2013; Steenkamp et al., 2013). Recently, a lot of 
countries throughout the world have succeeded in 
integrating their traditional medicine into their health 
system in order to satisfy with efficiency the health needs 
expressed by their population. Indeed, modern medicine 
has showed its limits in some cases. This is the reason 
why, in a research on the healers and the medicinal 
plants   in   Lubumbashi   published   in   2004,  Petit  and  

Vakyanakazi (2004), indicated the importance of folk 
medicine and the fact that WHO have encouraged the 
Democratic Republic of Congo (DRC) to promote its 
herbal medicine as is the case in China, India, Argentina, 
Nigeria and Senegal which are now considered as 
examples of a succeeded cohabitation between the 
modern and the traditional medicines. In the DRC, the 
effort of integration of the traditional medicine into our 
health policy has been concretized in 2002 by the 
recognition of the Congolese Healers Association by the 
Ministry of Heath.   
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It is true that folk medicine remains as an alternative for 
our population greatly impoverished and preoccupied by 
the problem of access to primary health care. To support 
this statement especially in the case of the city of 
Lubumbashi, one can note with bitterness, as Petit and 
Vakyanakazi ( 2004) did after their investigation, that the 
healers practice their professions successfully in the poor 
media of our city, that means the areas without hospitals 
and where the greatest part of our fellow citizens lives. 
Indeed, in our city the majority of inhabitants are 
confronted with serious heath problems. This is indicated 
when one consider the analysis of a small sample of sick 
persons which led to the identification of enterobacteria 
pathogens and their cure in the University Of Lubumbashi 
clinics (Cliniques Universitaires de Lubumbashi 2006). 
These statistics had revealed that, among the patients 
sampled, about 25% cases of gastro-enteritis, 25% of 
sharp enteritis, 15% of septicemia and 5% of cystitis, 
have been observed, respectively. Besides, these 
pathologies were generally observed during the rainy 
seasons. 

Based on inquiries by Petit and Vakyanakazi (2004), it 
is established that these pathogens found among the 
population in the city of Lubumbashi are cured by modern 
physicians but also by the herbal medicine of the healers. 
However, it is true that an expert, involved in the health 
sector or its related field, will wonder about the rationality 
of the curative scheme and the efficiency of the 
therapeutic choice that the healer uses in their medicine. 
Here is the fundamental question to which this study 
would like to give answer. The present survey aims at 
evaluating the antibacterial activity of three medicinal 
plants used in the Congolese herbal medicine in view to 
check the therapeutic validity of the medicinal practices 
that the healers use in the city of Lubumbashi. It is based 
on a preliminary research consisting in tests of the 
sensitivity of three reference pathogenic microbes 
(Klebsiella pneumoniae pneumoniae, Salmonella typhii 
and Proteus mirabilis) towards extracts of Terminalia 
mollis, Diospyros batocana  and Antidesma venosum 
since they are extensively used by the healers in the 
herbal medicine (Petit  and Vakyanakazi, 2004). Indeed, 
based on the literature and the results from 
ethnobotanical investigations (Kitwa, 2002; Kruger, 2004; 
Petit and Vakyanakazi, 2004; Tshibangu, 1997), T. mollis 
is a plant of interest from a medical point of view because 
it acts against intestinal worms, diarrhea, tuberculosis, 
malaria, cholera, cancer and dysentery (Mustopha et al., 
2000; Sanin et al., 2003; Sumesh et al., 1999).  Literature 
also indicates the use of another plant species in the family, 
Terminalia sericea, against human immunodeficiency virus/ 
acquired immunodeficiency syndrome (HIV/AIDS), diarrhea, 
coughing and cutaneous infections (Bessong et al., 2004). 
Concerning D. batocana, it is in a family whose species have 
innumerable usages in phytomedecine (Borsub et al., 
1976; Hostettmann et al., 2000; Khang and Timi, 1999(a-
c); Khang et al., 1987; Mallavadhani et al., 1998; Moody 
and Roberts, 2002; Xing-Cong et al., 1998). 
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It is used to cure gonorrhea and infertility, particularly 
the azospermia. Talking about the medicinal use of A. 
venosum, as with other species of its family, it is a plant 
of great pharmacological interest (Buske et al., 2001, 
Bringmann et al., 2000, 2001) owing to its efficient action 
against gonorrhea, tooth decay, abdominal pains, 
gastritis, infertility, precocious abortion, threats of abortion 
and sexual impotence.  
 
 
MATERIALS AND METHODS 
 

Based on the ethnobotanical investigations, three plants used in 
Congolese phytomedicine were harvested and studied: T. mollis 

(Chrysobalanceae), D. batocana (Ebenaceae) and A. venosum 
(Euphorbiaceae). They have been selected in order to determine 
their antibacterial activity towards a group of well identified 
pathogenic microbes. The bioactivity tests of these plants have 
been achieved as described below: 
 
 

Plant identification 

 
Botanical identification and harvest of the studied plants was carried 
out by the Geomorphology and Botany laboratory, the Unit of 
Ecology and Environment (Department of Geography, Faculty of 
the Sciences) at the University of Lubumbashi (DRC). They come 
from the forest of the FIKUPA locality found in the mining hinterland 
of Katanga (DRC) and were identified under the following herbarium 

numbers: N° 4367 – T. mollis Lacus (Combretaceae), N° 4368 – D. 
batocana Hiern. (Ebenaceae), N° 4369 – A. venosum E.mey.ex 
Hoffn. (Euphorbiaceae). 
  
 
Choice of the microbes of interest  
 

The microbes that we used for the antibacterial tests were identified 
by their ATCC codes as described below and are usually used as 

reference for microbial testing in the Clinical Biology laboratory at 
the University of Lubumbashi Clinic. P. mirabilis: ATCC 35659; K. 
pneumoniae pneumoniae: ATCC 35657; S. typhimurium: ATCC 
14028. 
 
 

The preparation of the excerpts 
 
For the preparation of the plant extracts, 50 g of plant material 

constituted of stem peels were dried, ground using an agate mortar 
and submitted to steeping for 72 h with 750 ml of methanol as 
solvent in view of extracting the bioactive molecules. The obtained 
alcoholic solution undergone filtration prior to the solvent removal 
by vacuum evaporation (40°C) using a BIBBY RE200B rotavapor 
connected to a KNF Neuberger LABOPORT vacuum pump. The 
preparation of the plant’s extracts was done using 50 g of plant 
material and the following outputs were obtained: T. mollis (9.0%), 
D. batocana (15.6%) and A. venosum (8.1%). These plants’ 
extracts were sampled and resuspended in distilled water to 
prepare solutions to be tested with bacterial strains of our choice.  
 
 
Isolation of bacteria and inoculation of the plants extracts 

 
                The bacteria were cultured in liquid Mueller Hincton medium with a 

concentration equal to 2 units of Mac Farland (BioMérieux, 1996). 
This bacterial concentration corresponds to an optical density of 
0.250 which was measured spectrophotometrically using the 550 
nm   wavelength   (Spectrophotometer   Genesis  20);  2 ml  of   this 



1872          Afr. J. Pharm. Pharmacol. 
 
 
 

Table 1. Result of microbe sensitivity tests towards T. mollis extracts. 
 

Plant’s extracts dilution 
(mg/ml) 

K. pneumoniae 
pneumoniae 

S. typhii P. mirabilis 
Number of 

positive tests 
Proportion (%) 

50 + + + 3/3 100 

25 + + + 3/3 100 

12.5 + + + 3/3 100 

6.25 - - + 1/3 33.3 

Number of positive tests 3/4 3/4 4/4 10/12 83.3 

Proportion (%) 75 75 100   
 

+, Inhibition of the bacterial activity; –, failure or resistance to the extract action. 
 
 
 

preparation were placed in tests tubes containing 2 ml distilled 
water containing the medicinal plant’s extracts. These extracts were 
diluted with distilled water progressively in half of a mother solution 
with a concentration equal to 50 mg/ml to give extracts successively 
to concentrations equal to 50, 25, 12.5 and 6.25 mg/ml. For each 
test, three replicates were done per plant extract and concentration 

per bacterial strain. Incubation of the tests tubes was carried out for 
24 h between 35 and 37°C in a stream room.   

The reading of the sensitivity of the microbes towards the plant 
extracts was achieved by visual observation of the turbidity 
development in the test tubes (Figure 1) and the obtained result 
validated using the Petri dishes technique for the numbering of the 
bacteria colonies (Ayres and Mara, 1996). The observation of the 
turbidity developed in the tests tubes has enabled us determine the 

minimum inhibitory concentration (MIC). As for the minimum 
bactericidal concentrations (MBC) in view establishing whether the 
studied extracts are bacteriostatics or bactericidal, it was 
determined through the seeding of bacteria, contained in the 
precipitate recovered from the test tubes, in the Petri dishes using 
the Mueller Hincton Agar. 

 
 
RESULTS AND DISCUSSION  
 
The concerned results are related to the determination of 
sensitivity of K. pneumoniae pneumoniae, S. typhii and P. 
mirabilis towards the extracts of T. mollis, D. batocana 
and A. venosum. The active dilutions of the extracts 
which ranged from 50 to 6.25 mg/ml were incubated for 
24 h at between 35 and 37°C.   
 
 
Bioactivity of T. mollis  
 
The sensitivity of the studied bacterial strains towards the 
extracts of T. mollis is shown in Table 1. It is obvious that 
T. mollis extracts have a substantial inhibitory action on 
all three microbes because about 83.3% of tests were 
successful. As a matter of fact, the bacterial activity was 
inhibited for all dilutions in 75 to 100% of the achieved 
bioassays. The sensitivity of P. mirabilis towards these 
extracts was the largest of all because the MIC of 6.25 
mg/ml which corresponds to the greatest dilution of the 
extract. Concerning the sensitivities of K. pneumoniae 
pneumoniae and S. typhii towards the extracts, they 
seemed to be similar. The total inhibition of microbes was 
gotten at a dilution  of  12.5 mg/ml.  It  is  to  this  concen-  

 
 
Figure 1. Tests of the sensitivity of P. mirabilis towards 

the extracts of A. venosum. 

 
 
 
tration that the microbes begin to resist the extracts 
inhibitory action. Additionally, the bioassays reveal the 
broadening of the antibacterial spectrum of the extracts of 
T. mollis when the concentration increases or surpasses 
the MIC which is below 6.25 mg/ml for P. mirabilis. 
Concerning K. pneumoniae pneumoniae and S. typhii, 
the MIC was 6.25 mg/ml of the extracts. As for the MBC, 
it is nil because the bacterial developed on the Mueller 
Hincton agar. 
 
 
Bioactivity of D. batocana  
 
The tests of sensitivity of the microbes towards the 
extracts of  D.  batocana  led  to  the  results  in  Table 2. 
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Table 2. Result of microbe sensitivity tests towards D. batocana  extracts. 
 

Plant’s extracts dilution 
(mg/ml) 

K. pneumoniae 
pneumoniae 

S. typhii P. mirabilis 
Number of 

positive tests 
Proportion (%) 

50 + + + 3/3 100 

25 + + + 3/3 100 

12.5 - + - 1/3 33.3 

6.25 - + - 1/3 33.3 

Number of positive tests 2/4 4/4 2/4 8/12 66.7 

Proportion (%) 50 100 50   
 

+, Inhibition of the bacterial activity; –,failure or resistance to the extract action. 
 
 

 
Table 3. Results of microbe sensitivity tests towards A. venosum extracts. 
 

Plant’s extracts dilution 
(mg/ml) 

K. pneumoniae 
pneumoniae 

S. typhii P. mirabilis 
Number of 

positive tests 
Proportion (%) 

50 - + + 2/3 66.7 

25 - + + 2/3 66.7 

12.5 - + + 2/3 66.7 

6.25 - + - 1/3 33.3 

Number of positive tests 0/4 4/4 3/4 7/12 58.3 

Proportion (%) 0 100 75   
 

+, Inhibition of the bacterial activity; –, failure or resistance to the extract action. 
 
 
 

These results indicate that S. typhii showed a very great 
sensitivity (100%) towards the excerpt of D. batocana 
because the minimal inhibitory concentration is the lowest 
possible for this microbe since it resists even at the 
greatest used dilution. For the other microbes, K. 
pneumoniae pneumoniae and P. mirabilis, displayed a 
similar behavior (50%) towards these extracts to which 
they resisted for dilutions below 25 mg/ml. Their MIC is 
equal to 12.5 mg/ml of the extracts of D. batocana. 
Globally, the inhibitory action of the extracts on the 
microbes is 50%. However, it is worth mentioning that the 
MBC is also nil in this case. 
 
 
Bioactivity of A. venosum   
 
The test of sensitivity of the microbes on A. venosum 
extracts is shown in Table 3. These results show that S. 
typhii is more sensitive to the extracts of A. venosum 
because for this microbe, the proportion of positive tests 
is equal to 100% whatever may be the dilution. As far as 
the sensitivity of the other microbes towards the extract is 
concerned, one can notice that P. mirabilis (Figure 1), 
with 75% of positive tests, came second in position. On 
the other hand, the resistance shown by K. pneumoniae 
pneumoniae to the plant extract was the largest noted 
while analyzing the bioassay results. Nevertheless, the 
inhibitory action on the microbes shown by the extracts of 
A. venosum is smaller than for T. mollis and D. batocana 

because only 58.3% positive tests were recorded. The 
MIC for S. typhii is below 6.25 mg/ml of the extracts of A. 
venosum contrarily to P. mirabilis. However, the MBC is 
nil due to the growth of bacteria on the Mueller Hincton 
Agar.  

Globally, it was deduced from the results that the three 
plants, according to their inhibitory action on the 
microbes, may be classified as follows: T. mollis, D. 
batocana  and A. venosum. On the other hand, one can 
see that P. mirabilis is more sensitive to the extracts of T. 
mollis whereas S. typhii showed a bigger sensitivity 
towards D. batocana and A. venosum. With regard to K. 
pneumoniae pneumoniae , it did not have any sensitivity 
to the extracts of A. venosum. Its sensitivity to those of T. 
mollis was more pronounced than it demonstrated 
towards the extracts of D. batocana. To all dilutions and 
whatever may be the excerpt, the sensitivities of the 
microbes were classified in the following order: S. typhii 
with 91.7% of the positive tests, P. mirabilis with 75% and 
K. pneumoniae pneumoniae with 41.7%, respectively. 
Considering that the MBC is nil in all the cases, it can 
concluded that the plants’ extracts tested against the 
bacterial strains of our interest are bacteriostatics. Based 
on the sensitivity shown, at different dilutions, by the 
studied bacterial strains towards the plants’ extracts, only 
the result related to the action of the extracts of A. 
venosum against K. pneumoniae pneumoniae shows a 
difference statistically significant (p = 0.021). No signi-
ficant difference is  observed  with  regard  to  the  results  
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given by the sensitivity of bacterial strains towards the 
remaining plants’ extracts (p ˃ 0.05). 
 
 

Conclusion 
 

On the antibacterial efficacy standpoint, the three plants 
used in the Congolese folk medicine can be classified as 
follows: T. mollis, D. batocana and A. venosum. Their use 
by the healers against illnesses such as diarrhea, 
gastroenteritis, urinary infections, typhoid fever and 
dysentery is well justified. P. mirabilis is the microbe most 
sensitive to the extracts of T. mollis whereas S. typhii 
showed more sensitivity to D. batocana and A. venosum. 
However, K. pneumoniae pneumoniae showed a strong 
resistance to the extracts of A. venosum. The sensitivity 
of the germs to the extracts of T. mollis was bigger than 
the one shown towards those of D. batocana. To all 
dilutions of the extracts, sensitivity of the microbes was 
classified as follows: S. typhii, P. mirabilis and Klebsiella 
pneumoniae pneumonia. Only the extracts from T. mollis 
and D. batocana possess antibacterial activities enabling 
them to be used as sources of new drugs. The plants 
extracts tested against the reference bacteria of our 
interest are bacteriostatic.  
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The present study deals with the antimicrobial activity of the sequential extracts (petroleum ether, 
benzene, acetone, chloroform, ethanol, water, etc.) of the leaves of Cassia nodosa carried out against 
certain bacteria which are: Staphylococcus aureus, Salmonella typhi, Escherichia coli, Pseudomonas 
aeroginosa and fungi including, Aspergillus flavus, Aspergillus niger, Fusarium moniliformae and 
Rhizoctonia bataticola using disc diffusion technique. Results showed that most of the extracts were 
effective against all the test microorganisms. The minimum inhibitory concentrations of the extracts of 
chloroform, benzene, acetone and ethanol were found to be 2 × 10

4
 µg/ml, while the petroleum ether and 

water showed no inhibition. The results of the study provide scientific basis for the use of the plant 
extracts in the treatment of fungal and bacterial diseases. Therefore, the various active principles 
possessing antimicrobial activity may be extracted from the leaves of C. nodosa by various organic 
solvents. 
 
Key words: Cassia nodosa, antimicrobial activity, petroleum ether, bezene, chloroform, acetone, ethanol, 
water, bacteria, fungi. 

 
 
INTRODUCTION 
 
One big concern the world is facing is the development of 
resistance to the antibiotics in current clinical use. 
Traditional medicinal methods, especially the use of 
medicinal plants, still play a vital role to cover the basic 
health needs in the developing countries, and moreover, 
the use of herbal remedies has risen in the developed 
countries in the last decade. Natural products are still 
major sources of innovative therapeutic agents for 
various conditions, including infectious diseases (Selim et 
al., 2013). In this regard, Cassia species have been of 
keen interest in phytochemical and pharmacological 
research due to their excellent medicinal values. Different 
classes of natural products, possessing potent physio-
logical and pharmacological activities have been isolated 
from Cassia species, and they include anthracene 

derivatives, flavonoids and polysaccharides (Jain et al., 
1997). Some of these compounds have been shown to 
possess considerable antimicrobial activity (Ayo et al., 
2007).  

The world health organization (WHO) highly appre-
ciated the conventional medical practices for treatment 
and precautionary measure of various diseases 
(Barkatullah et al., 2013). Cassia species are well known 
in folk medicine for their laxative and purgative activities 
(Eluojoba et al., 1999).  Cassia nodosa is one of the 
beautiful fast growing ornamental exotic plants with pink 
flowers found along the roadsides and gardens in Jaipur. 
It is widespread in world’s tropical and sub-tropical 
regions. Phytochemically, C. nodosa have been studied 
for fixed oils of the seeds (Rizvi et al., 1968),
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glactomann and nodoside, a new anthraquinone gly-
coside from the flowers (Rizvi et al., 1971a, b.) and bark 
(Yadav et al., 1998).  

The phytochemical and cytotoxic screening of the plant 
has been carried out earlier, and the four crude extracts 
showed strong cytotoxic activity. The extracts were found 
to be positive for carbohydrate, anthracene derivatives, 
cardiac and saponin glycosides as well as alkaloid. The 
aim of the present study is to investigative the 
antimicrobial activity of the various sequential extracts of 
the leaves of C. nodosa in different solvents. 
 
 
MATERIALS AND METHODS 
 
Plant  

 
The leaves of C. nodosa were collected from Central Park, Jaipur. 

Leaves were washed with tap water, dried at room temperature and 
ground to fine powder. The species specimen was authenticated 
and submitted in herbarium, Department of Botany, University of 
Rajasthan, Jaipur, Rajasthan, India and got the voucher specimen 
No. RUBL15487. 
 
 
Extraction procedure 

 
Powdered 50 g of C. nodosa leaves were soxhlet extracted with 
petroleum ether, benzene, chloroform, acetone, alcohol, and water 
successively for 36 to 48 h. Each of the resultant extract was 
filtered, dried in vauco and stored at 4°C, until screened for 
antimicrobial activity and weighed to calculate the extractive value 
(%) on dry weight basis. Later, following the established protocols 
(Paech and Tracey, 1955), each of the test samples was used 
against test microorganisms. 
 
 
Test microorganisms 

 
Standard strains of Staphylococcus aureus, Salmonella typhyi, 

Escherichia coli and Pseudomonas aeruginosa were obtained from 
microbiology Lab, SMS medical college College, Jaipur and  
Aspergillus flavus, Aspergillus niger, Fusarium monilliformae and 

Rhizoctonia betaticola were obtained from seed pathology lab, 

Department of Botany, University of Rajasthan, Jaipur (Figure 1). 
 
 
Antimicrobial screening 

 
The disc diffusion method was used to determine the antimicrobial 
activities of the crude extracts of petroleum ether, benzene, 
acetone, chloroform, ethanol and water using standard procedure 

(Ali et al., 1999; Crockett et al., 1992). The discs of 6 mm size were 
prepared using Whatmann’s filter paper no. 1. Solutions of varying 
concentrations ranging from 1.0 × 10

4
 to 5.0 × 10

4
 mg/ml/disc were 

prepared. The treated discs were air dried at room temperature to 
remove any residual solvent which might interfere with the 
determination, sterilized and inoculated. For the cultivation of 
bacteria, nutrient broth medium (NBM) was prepared using 8% 
nutrient broth (Difco) in distilled water and agar-agar and sterilized 
at 15 Ibs psi for 25 to 30 min. However, for the cultivation of fungi, 
potato dextrose agar medium was prepared and the test fungi were 
incubated at 27°C for 48 h, and the cultures were maintained on 
same medium by regular sub-culturings. To prepare the test plates,  
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Figure 1. Photographs of antimicrobial activity of sequential 
extracts of leaves of selected Cassia nodosa. Bacteria (A = E. coli, 

B = S. aureus, C = P. aeruginosa, D = S. typhi); Fungi (E = A. 

flavus, F = A. niger, G = R. bataticola, H = F. moniliforme, S = 
Standard). 1 = Petroleum ether extract of leaves, 2 = 
benzene extract of leaves, 3 = chloroform extract of leaves, 4 = 
acetone extract of leaves, 5 = alcohol extract of leaves, 6 = 
aqueous extract of leaves. 
 

 
 

in both bacteria and fungi, 15 to 20 ml of the respective medium 
was poured into the petri dishes under aseptic conditions and used 
for screening. The different test organism were proceeded 
separately using a sterile swab over sterilized culture medium 
plates and the zone of inhibition were measured around sterilized 
dried discs of whatman no. 1 paper. These plates were initially 

placed at low temperature for 1 h so as to allow the maximum 
diffusion of compounds from the test disc into the agar plate and 
later incubated at 37°C for 24 h  in  case  of  bacteria  and  48 h  for  
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Table 1. Results zone of inhibition of Cassia nodosa leaves against microorganism. 
 

Text microorganism  
Diameter of zone of inhibition (mm) 

Petroleum ether Benzene Acetone Chloroform Ethanol Water 

Bacteria 

Staphylococcus aureus 07 13 14 17 16 06 

Salmonella typhi 04 10 12 12 13 00 

Pseudomonas aeurginosa 07 13 24 21 10 07 

Escherichia/ coli 04 11 20 12 16 06 

       

Fungi 

Aspergillus niger  00 18 20 16 18 00 

Aspergillus flavus  00 15 18 23 21 00 

Fusarium moniliformae 03 11 12 15 17 00 

Rhizoctonia bataticola 00 10 09 10 11 00 

 
 

 
 
fungi, after which the zone of inhibition could be easily observed. 
Five replicates of each text extract were examined and the mean 
values were then referred. 

 
 
Microdilution test 

 
The minimum inhibitory concentrations (MICs) were determined 
using 96-well microtitre plates. The bacterial suspension was 
adjusted with sterile saline to a concentration of 1.0 × 10

7
 cfu/ml. 

Compounds to be investigated were dissolved in broth LB medium 
(100 µl) with bacterial inoculums (1.0 × 10

5
 cfu) to achieve the 

wanted concentrations (1 mg/ml). The microplates were incubated 
for 24 h at 48°C. The lowest concentrations without visible growth 
(at the binocular microscope) were defined as concentrations that 
completely inhibited bacterial growth (MICs). The optical density of 
each well was measured at a wavelength of 655 nm by Microplate 
reader (Perlong, ENM8602) and compared with a blank and the 
positive control.  
 
 
RESULTS AND DISCUSSION 
 
Table 1 shows the results of the antimicrobial activities 
against the test microorganisms. The zones of inhibition 
for each case were measured in mm of the diametrical 
sections of the respective sequential extracts. Table 2 
shows the results of MIC. From the results, it was 
observed that the chloroform, benzene, acetone and 
ethanol had very high growth inhibitory effects on all 
microorganisms. The MIC values for the chloroform 
extract on S. aureus, E. coli, P. aeruginosa, A. flavus and 
A. niger was found to be 2 × 10

4
 µg/ml, while for S. 

typhyi, F. monilliformae and R. betaticola the MIC value 
was 3 × 10

4
 µg/ml. The MIC value of acetone was found 

that 2 × 10
4
 µg/ml against S. aureus, P. aeruginosa, E. 

coli, A. flavus, A. niger and for S. typhi, F. monilliformae 

and R. betaticola the MIC value was 3 × 10
4
 µg/ml. The 

MIC for the benzene and ethanol was found to be 2 × 10
4
 

µg/ml for all the test microorganisms, except for S. typhi 
and R. betaticola (3 × 10

4
 µg/ml).  

The petroleum ether and water extracts did not show 
any inhibition against the test microorganisms. Low MIC 
is an indication of high efficacy of the plant extract while 
high MIC may indicate low efficacy or possible 
development of resistance by the microorganisms to the 
antimicrobial.  Reports on the antibacterial and antifungal 
activity have been evaluated by number of workers on 
the C. nodosa species (Mohtar and Sharri, 2000; Sayed 
et al., 2011). The test organisms used in this study are 
associated with various forms of human infections. 
Infection caused by S. typhi is a serious public health 
problem in developing countries and represents a 
constant concern for the food industry (Mastroeni, 2002). 
The results of the antimicrobial activity of the various 
sequential extracts were in agreement with the uses of 
the extract of the leaves of C. nodosa in traditional 
medicine for the treatment of bacterial and fungal 
diseases. Secondly, different solvents have different 
solubility capacities for different phytoconstituents, hence 
the differences in the activities of the various extracts 
(Majorie, 1999). The leaves of the plant were found to be 
a potential source of broad spectrum antibiotics. Studies 
are in progress to purify and characterize the active 
principles in the leaves.  
 
 

Conclusion 
 

Active principles possessing antimicrobial activity may be 
extracted from the leaves of C. nodosa by benzene, 
acetone, chloroform and ethanol.   
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Table 2. Zones of inhibition of different concentration of Cassia nodosa (µg/ml). 
 

Text organisms 

Petroleum ether Benzene Chloroform Acetone Ethanol Water 

1×
10

4
 

2×
10

4
 

3×
10

4
 

4×
10

4
 

5×
10

4
 

1×
10

4
 

2×
10

4
 

3×
10

4
 

4×
10

4
 

5×
10

4
 

1×
10

4
 

2×
10

4
 

3×
10

4
 

4×
10

4
 

5×
10

4
 

1×
10

4
 

2×
10

4
 

3×
10

4
 

4×
10

4
 

5×
10

4
 

1×
10

4
 

2×
10

4
 

3×
10

4
 

4×
10

4
 

5×
10

4
 

1×
10

4
 

2×
10

4
 

3×
10

4
 

4×
10

4
 

5×
10

4
 

Bacteria 

Staphylococcus aureus - - - - - - + + + + - + + + + - + + + + - + + + + - - - - - 

Salmonella typhi - - - - - - - ± + + - ± + + + - ± + + + - - + + + - - - - - 

Pseudomonas aeurginosa - - - - - - + + + + - + + + + - + + + + - + + + + - - - - - 

Escherichia/ coli - - - - - - + + + + - + + + + - + + + + - + + + + - - - - - 

                               

Fungi 

Aspergillus  niger  - - - - - - + + + - - + + + - - + + + - - + + + + - - - - - 

Aspergillus flavus  - - - - - - - + + + - + + + + - + + + + - + + + + - - - - - 

Fusarium moniliformae - - - - - - ± + + - - + + + - + + + + - - ± + + + - - - - - 

Rhizoctonia bataticola - - - - - - ± + + - - + + + - + + + + - - ± + + + - - - - - 
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Mama decoction (MD) is a commonly used formulated herbal product in Nigeria for the management of 
malaria; no study on its central and possible toxicological effects have been investigated, hence this 
study.  MD was administered orally to rats at 143, 286, and 572 mg/kg daily for 30 days.  Novelty-
induced behavior was observed and recorded on both day 1 and day 30 of administration. Furthermore, 
mortality, biochemical and histopathological tests were evaluated appropriately. The animals were 
sacrificed on day 30 after the behavioral scoring and blood samples obtained for biochemical assays.  
Histopathological examinations of the liver, kidney, brain, spleen, testes and lungs were carried out. 
The results showed that acute oral administrations of MD had no significant effect on locomotion at all 
dose levels used on Day 1 while during the subchronic administration of MD, only the dose of 286 
mg/kg had significant effect on locomotion. Furthermore, the grooming behavior was significantly 
(p<0.01) decreased dose-dependently. Biochemical analysis showed that sub-chronic administration of 
MD caused significant decrease in both triglyceride and cholesterol levels but caused a significant 
increase in alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase 
(ALP) in the plasma.  In the liver, triglyceride, cholesterol and ALT were significantly decreased while 
AST was significantly increased but it had no effect on the ALP. The histopathological analysis revealed 
that most of the organs were essentially normal. In conclusion, the study showed that oral 
administration of MD is relatively safe when used within the recommended maximum dose of 286 
mg/kg, however, there is need for caution in using it for a long period.  
 
Key words: Azadirachta indica, Alstonia boonei, Morinda lucida, Mangifera indica, biochemical, sub-chronic 
toxicity. 

 
 
INTRODUCTION 
 
Mama decoction (MD) (prepared from the mixture of 
leaves of Mangifera indica, Azadirachta indica, Morinda 
lucida and Alstonia boonei) is a herbal medicine that has 
been used to treat malaria traditionally in Nigeria. Since 
there has been no study on its central behavioral and 
possible toxicological effects, this study was necessary.  

M. indica Linn. (Anacardiaceae, Mango tree) is a large 
evergreen tree, with a heavy, dome-shaped crown. Its 
leaf, which is used as antimicrobial in the treatment of 
burns, scalds, sores, wounds, abscesses and other 
infections in humans and animals, had been reported to 
contain saponins, glycosides, unsaturated sterols, 
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polyphenols, euxanthin acid, mangiferine, mangin and 
gallo-tannins (Ngo, 2001). Mangiferin possessed antiviral 
(Zheng and Lu, 1990), antitumor, immunomodulatory and 
antiHIV (Guha et al., 1996),

 
antidiabetic (Ichiki et al., 

1998), anti-inflammatory (Garrido et la., 2004) and 
antioxidative activities (Martnez et al., 2000). 

 
M. lucida 

Benth (Rubiaceae) leaves are used as an ingredient of 
“fever teas”, as antimalarial as well as febrifuge, 
analgesic and laxative remedies. The antiplasmodial and 
antibacterial activities of the plant had been associated 
with the anthraquinones (Sittie et al., 1999; Omar et al., 
2003). 

 
A. indica A. Juss. (Meliaceae; Neem) is widely 

distributed in the tropics especially in Africa and Asia.  
Extracts are used traditionally to treat malaria and other 
illnesses in several malaria endemic countries (Soh and 
Benoit-Vical, 2007).  The efficacy of its extracts against 
Plasmodium falciparum and Plasmodium berghei 
microgamete exflagellation in vitro is attributed to 
limonoids, a class of highly oxygenated terpenoids which 
possess insecticidal, anti-microbial, anti-inflammatory and 
immuno-modulatory activities (Biswas et al., 2002; Roy 
and Saraf, 2006; Jones et al., 1994).  Several studies 
demonstrated that A. indica leaf, seed and stem bark 
extracts possessed in vitro inhibitory activity on P. 
falciparum asexual stages (Udeinya et al., 2008).  Its 
leaves combined with those of M. indica is used for the 
treatment of malaria in Uganda (Tabuti, 2007) while in 
Togo, they are added to those of Picralima nitida and A. 
boonei for malaria therapy (Gbeassor et al., 1996). A. 
boonei De Wild (Apocynaceae) is widely distributed in 
Africa and used in folklore medicine as antimalaria, anti-
inflammatory, analgesic and antipyretic among other 
uses (Olajide et al., 2000; Betti, 2004). The extract of the 
stem bark have also been known to possess potent 
neuroleptic and anxiolytic properties in behavioral studies 
using mice, probably due to alstonine content, its major 
chemical constituent (Elisabetsky and Costa-Campos, 
2006). Therefore, the present study investigated the 
toxicity potential and behavioural effect of MD in rats. 
 
 
MATERIALS AND METHODS 
 
Reagents and materials 
 
Aspartate, alanine transferase, triglyceride and cholesterol assay 
kits (RANDOX®) were purchased from Randox Laboratories 
Limited, Autrium, U.K. All other chemicals were of analytical grade, 
formalin (BDH), diethylether (BDH) and 5% alcohol (BDH). 
 
 
Animals 
 
Twelve female and twelve male albino rats, weighing between 111-
121 g (3 months old) were used.  The animals were procured from 
the animal house of Pharmacology Department, Faculty of 
Pharmacy, Obafemi Awolowo University, Ile-Ife, Osun State, 
Nigeria.  The animals, divided into four groups (6 rats per group) of 
both sexes, were kept in plastic cages in the animal house with free 
access to both food and water. All animals were cared for in 
accordance with  the  Guide  for  the  Care  and  Use  of  Laboratory  
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Animals, published by the US National Institute of Health (NIH 
Publication 85-23, revised 1996). 
 
 
Plant collection 
 
The leaves of M. lucida Benth (Rubiaceae), A. boonei De Wild 
(Apocynaceae), M. indica Linn (Anacardiaceae) and A. indica A. 
Juss (Meliaceae) were collected from the Obafemi Awolowo 
University campus and authenticated at the Botany Department  
herbarium, Obafemi Awolowo University, Ile-Ife where their 
specimens were deposited.  The leaves were oven-dried at 40°C 
and powdered. 
 
 
Preparation of Mama decoction (MD) 
 
Each powdered leaf (25 g) was weighed respectively into a round 
bottom flask and the mixture boiled together with 1,750 ml of 
distilled water on a heating mantle for 1 h. After cooling, the 
decoction was filtered in order to remove the plant residues, 
followed by the addition of 0.2% sodium benzoate as preservative 
and 5% Simple Syrup B.P. as a sweetner (following the preparation 
method used for the commercial production of MD by the Village 
Chemist, Faculty of Pharmacy, Obafemi Awolowo University, Ile-Ife, 
Nigeria). 
 
 
Administration of Mama decoction 
 
The doses used for this work were calculated based on the adult 
human dose of the decoction (300 ml of the decoction containing 
17.14 g of the leaf mixture of the four plants equivalent to 286 
mg/kg, taken twice daily where the average adult weight was taken 
as 60 kg). Thus, three dose levels (143 mg/kg (low dose), 286 
mg/kg (medium dose) and 572 mg/kg (high dose) were chosen for 
oral administration in rats. Equivalent volume for the dose selected 
in each case was administered to the animals based on the body 
weight. The LD50 value of MD was earlier obtained as 3,807 mg/kg 
per oral in a preliminary study by using Lorke (1983) method. The 
first three animal groups were assigned to 143 mg/kg (low), 286 
mg/kg (medium) and 572 mg/kg (high) doses, respectively while the 
fourth group served as the control. Freshly prepared MD was 
administered orally twice daily at those three different doses (143, 
286 and 572 mg/kg) for 30 days, using an oral syringe, based on 
the animal body weights. The dose volumes were adjusted every 
week to compensate for changes in body weights of the animals. 
The control group was similarly dosed orally with distilled water 
twice daily. The dosing procedures continued on the four animal 
groups for thirty days while each animal was daily assessed for any 
sign of toxicity or death. 

 
 
Novelty-induced behavior 
 
Each of the 24 animals was separately put in the open field box and 
was scored for locomotion, rearing and grooming. The locomotion 
(number of floor units entered; crossed with all the paws), rearing 
(number of times the animal stood on its hind limbs or with the 
forearm against the wall of the observation box or in free air or 
frequency of standing on hind limbs) and grooming (the number of 
body cleaning with paws, picking of the body and pubis with mouth 
and the face washing actions). The behavioral activities of each rat 
were thus scored and recorded (Suarez et al., 1996; Ajayi and 
Ukponmwan, 1994). After an animal has been studied for its 
novelty-induced behavior, the box was cleaned with cotton wool, 
soaked with ethanol to prevent interference of any odor with the 
subsequent   animal   to   be   studied.   The  behavioral  tests  were  
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commenced on each animal after 1 h of administration of the MD on 
the day 1 of the experiment while the same behavioral tests were 
carried out on the control animals which were administered with 
distilled water. The behavioral testing was repeated for the entire 
groups on day-30 of the experiment. 

 
 
Sacrificing the animals 

 
After the novelty-induced behavior (NIB) testing on day 30, the 
animals were each anaesthetized with diethylether. When the 
animals were confirmed completely anaesthetized, they were 
carefully dissected. The blood for biochemical analysis was 
obtained using cardiac puncture technique and transferred into the 
pre-labeled ethylenediaminetetraacetic acid (EDTA) sample bottles 
which were gently rolled between the palms to allow the blood to 
mix thoroughly with EDTA anticoagulant. The brain, kidney, lungs, 
liver, spleen and testes were removed, stored in sample bottles 
containing formalin solution and were all preserved for 
histopathological analysis. 

 
 
Biochemical analysis of blood samples  

 
Collection of plasma 

 
Heparinised blood samples were centrifuged at 5000 revolution per 
min for 5 mins. The supernatant layer (containing the plasma) was 
aspirated using a 1000 µL micropipette and transferred into a well 
labeled plastic container with a stopper. The entire plasma samples 
were kept in a freezer until ready for use. The following biochemical 
parameters were determined: triglyceride (TAG), total cholesterol, 
aspartate aminotransferase (AST), alanine aminotransferase (ALT) 
and alkaline phosphatase (ALP) using a commercially available 
assay kits made by RANDOX Laboratory Ltd, Antrim, UK in 
accordance with the standard procedures (Kuete et al., 2010). 

 
 
Preparation of the liver homogenates 

 
Each liver sample was taken out of the freezer, blotted out of any 
blood in it and weighed using electronic balance. It was 
homogenized using an electronic homogenizer (Stir-R) at 1600 rpm 
and a 10% homogenate was prepared in 0.25 M sucrose. 

 
 
Histopathology  

 
The histopatholigical examination was carried following the 
standard procedures (Abdel Salam and Sleem, 2010; Soujanya et 
al., 2013). Tissue biopsies from the brain, kidney, liver, lungs and 
the testes were fixed in formalin solution and were processed with 
automated tissue processor (Handon citadel 2000). Sections were 
cut at 4 microns thick with the rotary microtome and stained with 
haematoxylin and eosin while additional thin sections of the kidney 
were cut at 3 microns and stained with periodic acid (Schiff). 
Histological sections were examined using Leica light microscope. 

 
 
Statistical analysis 

 
All behavioral data were analyzed by ANOVA (SAA Institute Cary, 
NC), post hoc tests (Student-Newman-Keuls test) were carried out 
to determine the source of a significant mean effect. Results are 
expressed as mean ± S.E.M. while p values < 0.05 were taken to 
indicate statistically significant differences. 

 
 
 
 
RESULTS 
 
The body weight 
 
Sub-chronic administration of MD did not cause any 
significant [F(3,23)=1.525, p=0.2387; n=6 per group] 
change in the body weight of rats used in this study. 
(Control: 26.85 ± 5.59; 143 mg/kg: 22.56 ± 4.33; 286 
mg/kg: 26.65 ± 3.70; 572 mg/kg:12.41 ± 7.5). 
 
 
Novelty-induced behavior (open field) 
 
The results obtained showed that there was no significant 
effects of MD administration on locomotion [F 
(3,20)=2.46, p=0.098], rearing  [F(3,20)=0.70, p=0.563]  
and grooming [F(3,20)=0.57, p=0.640] on day 1 when 
compared with the control group (Table 1). However, at 
Day 30, after the sub-chronic administration of MD, there 
was a significant [F(3,20)=4.60, p=0.015] increase in 
locomotor activity at the medium dose level of 286 mg/kg 
when compared with the control whereas the other two 
doses did not exhibit any significant effects on locomo-
tion. In rearing, the results showed that there was no 
significant difference [F(3,20)=1.24, p=0.326] due to 
treatment. In grooming, it was observed that there was a 
significant [F(3,20)=14.98, p=0.0001] dose-dependent 
decrease in this behavior when compared with the control 
(Table 2). 
 
 
Biochemical analysis 
 
Plasma 
 
Biochemical analysis of the plasma revealed that there 
was significant difference in both triglyceride [F (3, 23) = 
6.09, p=0.004; n=6] and cholesterol [F (3, 23) =12.94, 
p=0.0001; n=6] levels of treated animals only at the low 
dose of 143 mg/kg only when compared with the vehicle-
treated rats (control). Furthermore, the results showed 
that other biochemical parameters such as ALT [F (3, 23) 
= 25.38, p=0.0001; n=6], AST [F (3, 23) = 19.58, 
p=0.0001; n=6] and ALT [F (3, 23) = 42.83, p=0.0001; 
n=6] were significantly increased in all treatment groups 
when compared with the control group (Table 3). 
 
 
Liver 
 
In the assay of triglyceride, one-way ANOVA indicated 
that a significant [F(3,23)=11.19, p=0002; n=6] decrease 
was produced by both 143 and 572 mg/kg dose levels 
with a dose-dependent significant decrease in cholesterol 
level that was significant [F(3,23)=140.66, p=0.0001; n=6] 
when compared with the control. Similarly, ALT was 
significantly [F(3,23)=297.69, p=0.0001; n=6] decreased 
in a dose-dependent manner in the treatment groups that  
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Table 1. Novelty-induced behavior (Day 1). 
 

Dose (mg/kg, p.o.) Locomotion(30 min) Rearing(30 min) Grooming(30 min) 

Control 44.2 ± 14.0 24.5 ± 6.4 16.3 ± 5.5 

143 42.5 ± 9.2
 

30.3 ± 13.3
 

15.3  ± 2.5
 

286 88.8 ± 17.1
 

36.7 ± 7.5
 

15.2  ± 1.7
 

572 60.8 ± 10.2
 

22.2 ± 5.9
 

10.4  ± 0.5
 

 

Data presented as mean ± SEM, n=4-6. 
 
 
 

Table 2. Novelty-induced behavior (Day 30). 
 

Dose (mg/kg, p.o.) Locomotion(30 min) Rearing(30 min) Grooming(30 min) 

Control 36.2 ± 7.0 25.5 ±   2.3 33.3 ± 3.1 

143 mg/kg 36.8 ± 4.8 18.3 ±   4.7
 

17.3 ± 3.2* 

286 mg/kg 97.5 ± 16.6* 40.2 ± 12.8
 

12.0 ± 2.4* 

572 mg/kg 59.2 ± 19.0 24 .0 ± 7.1
 

10.4  ±  2.6* 
 

Data arranged as mean ± SEM, n=4-6; * p<0.05 statistically significant compared to the control animals (ANOVA 
followed by Newman-Keuls’ test). 

 
 
 

Table 3. Effects of MD (143, 286, 572 mg/kg, p.o.) after the 30 days subchronic administration on biochemical 
parameters in plasma.  
 

Group TRG (mg/dl) CHOL (mg/dl) ALT (U/L) AST (U/L) ALP (U/L) 

Control 153.37 ± 2.83 165.95 ± 6.23 38.37 ± 1.05 120.09 ± 1.00 122.87 ± 0.91 

143 mg/kg 125.17 ± 1.92* 128.83 ± 5.73* 58.83 ± 1.85* 141.17 ± 2.20* 147.17 ± 3.42* 

286 mg/kg 149.67 ± 9.41 165.83 ± 3.36 54.00 ± 1.69* 136.33 ± 3.12* 148.83 ± 1.92* 

572 mg/kg 137.17 ± 2.76 156.00 ± 3.45 57.00 ± 2.52* 148.50 ± 3.75* 165.00 ± 3.46* 
 

TRG, Triglyceride; CHOL, cholesterol, ALT, alanine aminotransferase; AST, aspartate transaminase and ALP, alkaline 
phosphatase. Values are mean ± SEM (n=6 per group), *p<0.05 compared to control animals (ANOVA followed by 
Newman-Keuls’ test). 

 
 
 

were administered with MD sub-chronically when com-
pared with the vehicle-treated rats. However, the results 
showed that AST was significantly [F(3,23)=28.04, 
p=0.0001; n=6] increased in all the MD treated rats. In 
the assay of ALP, the significant [F(3,23)=3.47, p=0.035; 
n=6] difference was only noted among the treated groups 
but not with vehicle-treated rats (Table 4). 
 
 
Histopathology 
 
The result of the histopathology of the organs studied 
revealed that there was a moderately interstitial expan-
sion of the lungs with infiltration by lymphocytes in one 
out of six rats [control and MD: 143, 286 and 582 mg/kg].  
Similarly, there was significant expansion of the white 
pulp with reactive germinal center in the spleen of one 
out of six rats [control and MD: 143, 286 and 582 mg/kg]; 
while the other organs (liver, kidney, heart, brain and 
testes) were essentially normal in all the treated animals 
with MD and control. 

DISCUSSION 
 
In the present study, investigations on the potential 
toxicity and central nervous system effects of both acute 
and sub-chronic administration of MD were carried out. In 
our study, biomarkers were selected to include a wide 
range of behavioral, biochemical and histological para-
meters. Both acute and sub-chronic oral administration of 
MD in rats revealed neither mortality nor any sign of 
physical toxicity. The novelty–induced behavioral studies 
on days 1 and 30 showed that locomotion was 
significantly increased at the dose of 286 mg/kg, p.o. 
Generally, the rearing behavior was unaffected, although 
it was non-significantly increased at 286 mg/kg.  The 
grooming behavior was not significantly affected during 
the acute administration (Day 1) but was significantly 
decreased dose-dependently during the sub-chronic 
administration. Thus, the overall results showed that MD 
significantly possessed central effects suggesting the 
need for further investigation to unravel its possible 
central mechanism (s) of action. 
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Table 4. Effects of MD (143, 286, 572 mg/kg, p.o.) after the 30 days subchronic administration on biochemical 
parameters in liver of rats. 
 

Group TRG (mg/dl) CHOL (mg/dl) ALT (U/L) AST (U/L) ALP (U/L) 

Control 4.82 ± 0.32 11.85 ± 0.47 25.54 ± 1.07 15.65 ± 0.83 46.13 ± 2.03 

143 mg/kg 3.56 ± 0.15* 4.11 ± 0.41* 4.79 ± 0.26* 28.53 ± 0.73* 41.06 ± 2.78 

286 mg/kg 4.23 ± 0.30 4.41 ± 0.26* 5.15 ± 0.38* 29.80 ± 2.35* 47.65 ± 0.96 

572 mg/kg 2.94 ± 0.15* 3.00 ± 0.10* 5.88 ± 0.16* 30.24 ± 0.44* 49.33 ± 1.39 
 

TRG, Triglyceride; CHOL, cholesterol; ALT, alanine aminotransferase; AST, aspartate transaminase; ALP, alkaline 
phosphatase. Values are mean ± SEM (n=6 per group), *p<0.05 compared to control animals (ANOVA followed by Newman-
Keuls’ test). 

 
 
 

The biochemical analysis showed that all the 
biochemical parameters were significantly affected by the 
sub-chronic administration of MD as revealed in the 
results obtained. Both triglyceride and cholesterol levels 
were significantly decreased in both the plasma and liver 
only at 143 mg/kg (low dose level). At 572 mg/kg dose 
level, the two biochemical parameters were decreased in 
the liver, whereas at 286 mg/kg (medium dose level) no 
significant effect on these biochemical parameters were 
observed. This clearly suggests that sub-chronic 
administration of MD at the medium (human therapeutic) 
dose has no significant effect on these biochemical 
parameters. High cholesterol production is known to 
occur in the liver; other sites of high as well as in other 
body organs such as intestines, adrenal glands and 
reproductive organs (Kumar and Clark, 2005).

 
  It occurs 

free or as an ester which is formed with the help of an 
enzyme called lecithin cholesterol acyltransferase 
(LCAT). In a severe liver damage, the level of this 
enzyme reduction can lead to an increase in the concen-
tration of cholesterol in the plasma. The implication of this 
is the accumulation of these lipids in the arterial walls 
leading to atherosclerosis due to obstruction and distor-
tion of the arteries with serious implications related to 
cardiac disorders such as angina, myocardial infarction, 
strokes, peripheral vascular disease and hypertension 
(Brunzell et al., 2008).

 
Conversely, abnormally low levels 

of cholesterol, known as hypocholesterolemia, have been 
reported to be associated with depression, cancer and 
cerebral hemorrhage (Lewington et al., 2007). From the 
results obtained in this study, the low levels of both 
triglyceride and cholesterol obtained are still within the 
normal range. Thus, MD can not cause any 
cardiovascular disease that may be attributed to lipid 
concentrations. The ALT, AST and ALP results showed 
that all these biochemical parameters were significantly 
increased dose-dependently in serum while in the liver 
only ALT was significantly decreased dose-dependently. 
There was no significant effect on ALP but AST was 
significantly increased in the liver. The significant 
increase in ALT, AST and ALP levels in plasma, following 
the administration of MD clearly suggested the possibility 
of liver or bone damage since these are diagnostic 
markers for the detection of possible liver or bone 
damage as a diagnostic tool (Attiah et al., 2013). 

However, further biochemical analysis of the liver did not 
show this pattern completely except for the increase in 
AST similarly observed in the liver. Slight-to-moderate 
elevations of ALT (usually with higher increases in AST 
levels) may appear in any condition that produces acute 
hepatocellular injury. Confirmatory procedures to ascer-
tain the liver status were performed and it was observed 
that there were no significant histopathological effects on 
the liver. In fact, it was very clear that most of the organs 
were essentially normal. However, one of the major 
differences observed was that there was a moderately 
interstitial expansion with infiltration by lymphocytes in 
the lungs of one out of six rats [(control and MD: 143, 286 
and 572 mg/kg) during the subchronic administration of 
MD.  Similarly, there was significant expansion of the 
white pulp with reactive germinal center in the spleen of 
one out of six rats (control and MD: 143, 286 and 582 
mg/kg). The remaining organs namely liver, kidney, heart, 
brain and testes were essentially normal in all the 
animals treated with MD and the control. Thus, the 
observed effects on the lungs and spleen could not have 
been due to the treatment with MD since one of the 
control animals also manifested those effects in its lungs 
and spleen. Indeed, it had earlier been reported that 
infiltration of lymphocytic cells into any organ usually 
occurred as a result of some hypersensitivity reaction, 
possibly due to an antigen-immune response (Cotran et 
al., 1999). In conclusion, therefore, MD possessed a 
central effect as well as with relative safety at the 
recommended doses but there is need for caution when 
used at high doses or on prolonged periods. In humans, it 
is normally taken twice daily at a dose of 286 mg/kg for 
only 2-4 days to treat malaria.  
 
 
ABBREVIATIONS 
 
NIB, Novelty-induced behavior; TAG, triglyceride; AST, 
aspartate aminotransferase; ALT, alanine 
aminotransferase; ALP, alkaline phosphatase. 
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Antinociceptive and anti-inflammatory activities of the hexane extract from Hortia brasiliana Vand. 
leaves were investigated by experimental animal models. Guaiol (9.72%), nonacosane (25.57%) and 
eicosane (10.80%) were the most abundant components identified by GC/MS. The extract, with LD50 of 
2.40 g/kg, reduced the number of abdominal contortions by 13.86 (100 mg/kg) and 18.51% (200 mg/kg). 
Doses of 100 and 200 mg/kg inhibited both phases of the time paw licking: First phase (9.44% and 
16.32%) and the second phase (11.97 and 23.49%), respectively. The extract increased the reaction time 
on a hot plate at doses of 100 (24.92%) and 200 mg/kg (55.69%) after 90 min of treatment. The paw 
edema was reduced by the hexane extract at doses of 100 (10.42 and 8.23%) and 200 mg/kg (15.62 and 
17.65%) after 3 to 4 h of application of carrageenan, respectively. At the dose of 200 mg/kg, the extract 
reduced the exudate volume by 19.44%, while the leucocyte migration was inhibited at the doses of 100 
and 200 mg/kg (6.13 and 13.84%, respectively). These results suggest that H. brasiliana can be an active 
source of substances with antinociceptive and anti-inflammatory activities supporting the use in the 
Brazilian folk medicine. 
 
Key words: Hortia brasiliana, Rutaceae, antinociceptive activity, anti-inflammatory activity. 

 
 
INTRODUCTION 
 
One of the cardinal features of the inflammatory states is 
that normally innocuous stimuli produce pain (Stankov, 
2012). The physiological mechanisms of pain involve 
peripheral sensitization and neuroplasticity in the 
perpetuation of this event, with action through chemical 
mediators on nociceptive pathways (Stankov, 2012). 
Based on the origin of these mediators, these substances 

can contribute to the cycle of pain causing hyper-
sensitivity by synthesis of cytokines (White et al., 2005). 
Usually, the pain is treated with opioids and non steroidal 
anti-inflammatory drugs (NSAIDs). However, the adverse 
effects as constipation and respiratory depression and 
irritation of gastric mucosa and ulcer, water retention and 
nephrotoxicity for opioids and NSAIDs, respectively, have
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prevented the application of these therapeutic agents 
(Kawada et al., 2012; Benyamin et al., 2008). Another 
important option in the treatment of pain and inflam-
mation is the use of medicinal plants that is a common 
practice worldwide (Shah et al., 2011). Therefore, the 
evaluation of the pharmacological effects of these plants 
can be used as a strategy and support to find new drugs 
with scientific sustainability in the treatment of many 
disorders. 

Hortia brasiliana Vand. (Rutaceae), proposed as 
synonyms Hortia arborea Engl., Hortia badinii M. Lisboa 
and Hortia colombiana Groppo, is distributed from 
Panama to the state of São Paulo, Brazil, most of them 
occurring in the Amazonian region (Groppo, 2010). In 
Brazilian folk medicine reports, plants of the genus 
Hortia, including H. brasiliana, possess excellent 
stimulant, stomachic, sedative, hypotensive, 
antiulcerogenic, analgesic and anti-inflammatory 
properties (Sobrinho et al., 2011).  

In addition, ruteacarpine, an alkaloid found in plants of 
Rutaceae family as H. brasiliana, has demonstrated 
cardiovascular, antithrombotic, anticancer, anti-
inflammatory, analgesic, antiobesity and 
thermoregulatory activities and effects on endocrine and 
smooth muscle (Lee et al., 2008), as well as 
cyclooxygenase-2 inhibition  (Liao et al., 2011). 

Considering the phytochemical and pharmacological 
aspects, H. brasiliana has been described as a large 
source of alkaloids, coumarins, flavonoids, and limonoids 
(Suárez et al., 1998; Severino et al., 2009a, 2009b, 
2012). Five alkaloids were isolated from wood and 
identified as flindersine, N-methylflindersine, γ-fagarine, 
skimmianine and 2,4-dimethoxyquinoline (Suárez et al., 
1998). A tetranortriterpenoid and two dihydrocinnamic 
acid derivatives, as well as alloxanthoxyletin, nerolidol, 
epoxynerolidol, three known dihydrocinnamic acid 
derivatives and two amides were obtained from the wood 
(Suárez et al., 2002). Four dihydrocinnamic acid 
derivatives, limonoid guyanin and furoquinoline alkaloid 
dictamnine, obtained from roots, showed antibacterial 
activity (Severino et al., 2009a). Rutaecarpine, found in 
leaves and wood of H. brasiliana, has demonstrated 
different pharmacological properties, including analgesic 
and anti-inflammatory (Shin et al., 2007; Lee et al., 2008; 
Liao et al., 2011).  

From leaves were identified guyanin, rutaecarpin and 
dictamnine and dihydrocinnamic acid derivatives, 
together with the new cinnamic acid derivative, been 
observed plasmocidal and trypanosomidal activities 
(Severino et al., 2009b). Moreover, several limonoids 
were identified in the dichloromethane extracts obtained 
from taproots and stems (Severino et al., 2012). 

In the present study, H. brasiliana was selected 
because it is one plant among Brazilian biodiversity 
commonly used as traditional medicine to treat abdominal 
pain, headache, inflammation, swelling  and  rheumatism. 
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However, extracts from leaves have not been evaluated 
systematically for pharmacological properties to 
corroborate the traditional uses of this species in folk 
medicine. In this investigation, we evaluated the 
antinociceptive and anti-inflammatory activities of H. 
brasiliana in experimental animal models using hexane 
extract.  
 
 

MATERIALS AND METHODS 
 
Plant material and extraction  
 
Leaves of Hortia brasiliana Vand. were collected in the city of 
Muriaé, Minas Gerais State, Southeast region of Brazil, in 
September 2010. The species was identified by Dr Milton Groppo 
Júnior and a voucher specimen (number 59192) was deposited in 
the Herbarium CESJ, Federal University of Juiz de Fora, Brazil. 
Dried and cut leaves (20 g/100 ml) were exhaustively extracted in 
hexane by static maceration at room temperature with renewal of 
solvent every day. The hexane was filtered and evaporated under a 
rotary evaporator at controlled temperature (40 to 45°C). 
 
 

Gas chromatography/mass spectrometry analysis (GC/MS)  
 
This analysis was carried out using a Hewlett-Packard 6890 gas 
chromatograph equipped with a fused silica capillary column (HP-5, 
30m × 0.25 mm, 0.25 μm film thickness), helium as carrier gas with 
a flow rate 1.0 ml/min; temperature programming from 70°C to 
290°C (2°C/min), coupled to a Hewlett-Packard 5972 mass 
spectrometer. The MS operating parameters were: 70 eV, ion 
source 250°C equipped with EI. The compound identifications were 
carried out by comparison of their retention indices (RI) with 
literature values; and the MS data with those from Wiley 275.1 
mass spectral data base besides literature records (Adams, 1995). 
The retention indices were calculated using a GC data of a 
homologous series of saturated aliphatic hydrocarbons within C8 to 
C22. 

 
 
Chemicals  

 
Drugs and reagents used in this study (and their sources) were as 
follows: Acetic acid and hexane (Vetec Química Farm Ltda, Rio de 
Janeiro, RJ, Brazil), formaldehyde and acetylsalicylic acid (Reagen 
Quimibrás Ind. Química S.A., Rio de Janeiro, RJ, Brazil), morphine 
hydrochloride (Merck Inc., Whitehouse Station, NJ, USA), naloxone 
and indomethacin (Sigma Chemical Co, St Louis, MI, USA). 

 
 
Animals 
 

Male Wistar rats (90-110 days) weighing 200 to 240 g and male 
Swiss albino mice (50-70 days) weighing 25 to 30 g were used in 
the experiments. The animals were provided by the Central Biotery 
of the Federal University of Juiz de Fora. The animals were divided 
into groups and kept in plastic cages (47 × 34 × 18 cm) under a 12 
h light/12 h dark cycle at room temperature (22 ± 2 °C), with free 

access to Purina rations and water. Animal care and the 
experimental protocol followed the principles and international 
guidelines suggested by the Brazilian College of Animal 
Experimentation (COBEA) and were approved by the local ethical 
committee (protocol number 036/2010). 
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Acute toxicity  
 
Groups of ten mice received oral doses of 0.5, 1, 1.5, 2 and 3 g/kg 
of hexane extract from H. brasiliana, while the control group 
received the vehicle (saline). Due to solubility of the extract, the 
volume changed from 0.3 to 0.9 ml. After administration, the groups 
were observed for 48 h and 50% lethal dose (LD50) was the 
mortality at the end of this period was recorded for each group 
(Lorke, 1983). The LD50 determined by probit test using a log plot of 
percentage death versus dose (Litchfield and Wilcoxon, 1949). 
 
 
Acetic acid-induced writhing test 
 
The acetic-acid writhing test is used for the evaluation of the 
analgesic activity (Schmidt et al., 2010). Mice (n = 8 per group) 
were injected (i.p.) with 0.6% acetic acid (10 ml/kg body weight), 
and the intensity of nociception was quantified by counting of the 
total writhes number that occurred between 10 and 30 min after 
injection. Animals received hexane extract (50, 100 or 200 mg/kg, 
p.o.) or sterile saline (control group, 0.9%, w/v) 60 min before acetic 
acid injection. Acetylsalicylic acid (200 mg/kg, p.o.) and 
Indomethacin (10 mg/kg, p.o.) were administered 60 min before 
acetic acid as reference compounds. 
 
 

Formalin test 
 
Groups of mice (n = 8) were treated (p.o.) with hexane extract (50, 
100 or 200 mg/kg) or sterile saline (0.9%) 60 min before formalin 
injection. Twenty microliters of 1% formalin was administered (i.pl.) 
in the mouse’s right paw and the licking time was recorded from 
zero to 5 min (phase 1, neurogenic) and from 20 to 25 min (phase 
2, inflammatory) (Hunskaar and Hole, 1987). Morphine (1 mg/kg, 
s.c.) and indomethacin (10 mg/kg, p.o.) were also administered 60 
min before the formalin injection and used as reference 
compounds. 
 
 
Hot plate test 
 
Animals were placed on a hot-plate (Model LE 7406, Letica 
Scientific Instruments, Barcelona, Spain) heated at 55 ± 1°C (Eddy 
and Leimbach, 1953). Three groups of mice (n = 8) were treated 
(p.o.) with hexane extract (50, 100 or 200 mg/kg; 0.1 ml per 10 g 
body weight); the control group received sterile saline (10 ml/kg). 
Measurements were performed at zero, 30, 60 and 90 min after 
drug administration, with a cut-off time of 40 s to avoid lesions in 
the animals’ paws. The effect of pretreatment with naloxone (1 
mg/kg, subcutaneously) on the analgesia produced by the hexane 
extract (200 mg/kg) was determined in a separate group of animals. 
Morphine (1 mg/kg, s.c.), in the absence and presence of naloxone 
(1 mg/kg, s.c.) treatment, was used as a reference. 

 
 
Carrageenan-induced rat paw edema 
 
Anti-inflammatory activity was assessed on the basis of inhibition of 
paw edema induced by the injection of 0.1 ml of 2% carrageenan 
(an edematogenic agent) into the subplantar region of the right hind 
paw of the rat (Winter et al., 1962). Male Wistar rats were divided 
into groups of six animals which received (p.o.) doses of hexane 
extract (50, 100 and 200 mg/kg; 0.1 ml per 10 g body weight), 
saline or indomethacin (10 mg/kg) 1 h before the injection of 
carrageenan. In the left paw,  used  as  a  control,  0.1 ml  of  sterile  

 
 
 
 
saline was injected. 1, 2, 3 and 4 h after injection of carrageenan, 
the measure of edema was made by the difference between the 
volume displaced by the right paw and the left paw using a 
plethysmometer (model LE 7500, Letica Scientific Instruments, 
Barcelona, Spain). 

 
 
Carrageenan-induced pleurisy in rats 
 
Pleurisy was induced in male Wistar rats by intrapleural adminis-
tration of 0.5 ml 2% carrageenan suspension in saline solution 
between the third and fifth ribs on the right side of the mediastinum 
(Vinegar et al., 1973). Hexane extract (50, 100 or 200 mg/kg), 
saline or indomethacin (10 mg/kg) (p.o.) were given 60 min before 
injection of the irritant agent. Animals were killed 4 h after 
carrageenan injection, and the skin and the pectoral muscles were 
retracted. A longitudinal incision was made between the third and 
fifth ribs on each side of the mediastinum. The exudate was 
collected and transferred to a 15 ml conical centrifuge tube and the 
total volume determined. A 20 µl aliquot was used to determine the 
total leucocyte count by Neubauer chambers. 

 
 
Statistical analysis 

 
Data were expressed as mean ± S.E.M. Statistical significance was 
analysed by the one-way analysis of variance followed by the 
Student Newman-Keuls test. P values below 0.05 were considered 
significant. 

 
 
RESULTS 
 
Chemical constituents 
 
According Table 1, based on the fragmentation pattern 
obtained in the mass spectrometry, constituents 
belonging to the classes of sesquiterpenes (20.28), 
diterpenes (3.94%), hydrocarbons (36.37%) and 
pentacyclic triterpenes (35.12%) were detected in the 
hexane extract from H. brasiliana leaves. Among the 
identified compounds, eight were sesquiterpenes and two 
hydrocarbons. Guaiol (9.72%), nonacosane (25.57%), 
eicosane (10.80%) and one pentacyclic triterpene 
(18.49%) were the most abundant components found in 
the extract. 
 
 
Acute toxicity  
 
At the doses administered per oral route (p.o.), the 
hexane extract from H. brasiliana leaves was toxic to 
animals with LD50 of 2.40 g/kg (95% confidence intervals 
1.51-3.83 g/kg). However, in the evaluated period, the 
animals did not show cyanosis, piloerection, writhing, 
ptosis, tremors, convulsions, ataxia, hypnosis, red urine 
or diarrhea. The parameters like motor activity, 
respiration, corneal reflex, righting and withdrawal, and 
body tone were not affected.  
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Table 1. Constituents of the hexane extract from Hortia brasiliana leaves. 
 

Compound Chemical class Retention time Concentration (%) 

Alpha-curcumene Sesquiterpene 18.67 2.70 

Beta-bisabolene Sesquiterpene 19.32 0.86 

Beta-sesquiphellandrene Sesquiterpene 19.72 1.16 

Caryophyllene oxide Sesquiterpene 21.27 0.94 

Guaiol Sesquiterpene 21.50 9.72 

Dihydrolinalool Sesquiterpene 23.47 1.61 

Trans-alpha-bergamotene Sesquiterpene 23.63 1.30 

Trans-bergamotol Sesquiterpene 23.99 2.53 

Unidentified Diterpene 24.67 1.62 

Unidentified Diterpene 26.10 2.32 

Nonacosane Hydrocarbon 44.33 25.57 

Eicosane Hydrocarbon 46.95 10.80 

Unidentified Pentacyclic triterpene 50.33 5.12 

Unidentified Pentacyclic triterpene 50.56 2.73 

Unidentified Pentacyclic triterpene 51.05 18.49 

Unidentified Pentacyclic triterpene 54.89 8.78 

Total   96.25 
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Figure 1. Effects of the hexane extract from H. brasiliana leaves on acetic acid-induced 
writhing in mice. ASA,  Acetylsalicylic acid. Data are mean ± S.E.M. of eight mice. **p < 0.01; 
***p < 0.001 vs control group (saline). 

 
 
 

Acetic acid-induced writhing response in mice  
 
The treatment of animals with hexane extract (100 and 
200 mg/kg, p.o.) produced a significant (p < 0.01 and p < 
0.001, respectively) and dose-dependent inhibition in 
abdominal writhes induced by acetic acid (Figure 1). The 
control group caused 61.36 ± 2.05 abdominal contortions. 
Acetylsalicylic acid (200 mg/kg, p.o.) and indomethacin 
(10 mg/kg, p.o.) decreased the abdominal contortions by 

64.96 and 63.13%, respectively, when compared with the 
control group. 
 
 
Formalin-induced paw licking in mice  
 
The Figure 2 shows that pretreatment with morphine (1 
mg/kg) or with the hexane extract of H. brasiliana (100 
and 200 mg/kg,  p.o.)   produced   significant  changes  of  
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Figure 2. Effects of the hexane extract from H. brasiliana leaves on formalin-induced nociception in mice. Data are 
mean ± S.E.M. of eight mice. *p < 0.05; **p < 0.01; ***p < 0.001 vs control group (saline). 

 
 
 
 

paw licking time in the first phase of pain response. In the 
second phase, a dose-dependent and significant (p < 
0.05 or p < 0.001) reduction was observed in mice 
treated with extract (100 and 200 mg/kg, p.o.) as well as 
with indomethacin (10 mg/kg, p.o.) and morphine (1 
mg/kg, s.c.). For the control group, the time spent was 
78.12 ± 2.82 s and 82.50 ± 3.10 s in the first and second 
phases, respectively.  
 
 
Effects on hot-plate latency assay in mice  
    
In consequence of the analgesic effect observed in the 
first phase of formalin test, we decided to evaluate the 
hexane extract using hot plate test, a model of central 
antinociceptive activity.  

After 60 min of treatment, doses of 200 mg/kg (p < 
0.01) increased significantly the latency time in the 
respective control group (Table 2). Morphine (1 mg/kg) 
proved to be a potent analgesic increasing the latency 
time within the evaluated periods. Naloxone (1 mg/kg, 
s.c.), an opioid antagonist, blocked the effect of morphine 
(1 mg/kg, s.c.) and extract (200 mg/kg, p.o.). 

Effects on carrageenan-induced edema in rats 
 
The anti-inflammatory effect of the hexane extract from 
H. brasiliana evaluated by the paw edema method 
induced by carrageenan is shown in Table 3. Edema 
inhibition was observed 3 h after carrageenan application 
in the doses of 100 (0.86 ± 0.02; 10.42%; p < 0.05) and 
200 mg/kg (0.81 ± 0.02; 15.62%; p < 0.01). Four hours 
after carrageenan injections, the doses of 100 (0.78 ± 
0.02; p < 0.05) and 200 (0.70 ± 0.02; p < 0.001) reduced 
the paw edema in 8.23 and 17.65%, respectively. 
Indomethacin (10 mg/kg), reference drug, was active 
from 2 h of treatment.  
 
 
Effects on carrageenan-induced pleurisy in rats 
 
The anti-inflammatory effect of the hexane extract from 
H. brasiliana was confirmed by a decrease in exudate 
volume and leucocyte migration to the pleural cavity of 
rats. The pleurisy effects demonstrated that dose of 200 
mg/kg (0.87±0.05; p < 0.05) of the extract significantly 
reduced the exudate volume by 19.44% when  compared
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Table 2. Effects of the hexane extract from H. brasiliana leaves on the latency time of mice exposed to the hot plate test. 
 

Group Dose (mg/kg) 
Time after drug administration (s) 

0 min 30 min 60 min 90 min 

Control 
Saline 6.12±0.64 6.37±0.60 6.25±0.65 6.50±0.60 

50 6.50±0.50 6.50±0.57 7.12±0.58 7.50±0.42 
      

Extract 
100 6.75±0.65 6.87±0.51 7.50±0.42 8.12±0.40* 

200 6.62±0.65 7.37±0.60 8.87±0.48** 10.12±0.51*** 
      

Morphine 1 6.25±0.65 10.25±0.67*** 12.37±0.86*** 15.25±0.80*** 

Naloxone+morphine 1 + 1 6.00±0.71 9.15±0.64** 8.75±0.67* 7.87±0.80 

Naloxone+extract 1 + 200 6.62±0.50 7.12±0.72 8.12±0.44* 7.75±0.53 
 

Data are mean ± S.E.M. of eight mice. *p < 0.05; **p < 0.01; ***p < 0.001 vs control group (saline). 
 
 
 

Table 3. Effects of the hexane extract from H. brasiliana leaves on carrageenan-induced paw edema in rats. 
 

Group Dose (mg/kg) 
Volume of hind paw (ml) 

1 h 2 h 3 h 4 h 

Control Saline 0.55±0.02 0.76±0.02 0.96±0.03 0.85±0.02 
      

Indomethacin 
10 0.53±0.02 0.56±0.02*** 0.62±0.02*** 0.47±0.01*** 

50 0.56±0.02 0.77±0.02 0.94±0.03 0.84±0.02 
      

Extract 100 0.56±0.01 0.76±0.02 0.86±0.02* 0.78±0.02* 

 200 0.54±0.02 0.75±0.02 0.81±0.02** 0.70±0.02*** 
 

Data are mean ± S.E.M. of six rats. *p < 0.05, **p < 0.01, ***p < 0.001 vs control group (saline). 
 
 
 

to the control group (Table 4). The number of total 
leucocytes was inhibited significantly at the doses of 100 
(12.55 ± 0.22 x 10

3
 cells/mm

3
; p < 0.05) and 200 mg/kg 

(11.52 ± 0.25 x 10
3
 cells/mm

3
; p < 0.001) (Table 4). 

Indomethacin (10 mg/kg) reduced the exudate volume 
and the leucocyte migration. 
 
 
DISCUSSION 
 
Considering the phytochemicals, the major components 
identified in H. brasiliana were the alkaloids and these 
are described as chemical markers of the species 
(Suárez et al., 1998; Shin et al., 2007; Lee et al., 2008; 
Severino et al., 2009a; Liao et al., 2011). However, based 
on the polarity of the compounds extracted in the hexane 
extract, sesquiterpenes, diterpenes, hydrocarbons and 
pentacyclic triterpenes were detected in the hexane 
extract from H. brasiliana leaves and these chemical 
classes may be responsible for the pharmacological 
activities reported in the present study. 

The acute toxicity assay showed that the tested doses 
of the hexane extract were toxic to mice. However, the 
largest dose administered (200 mg/kg) is less than the 
lowest dose applied for determination of the LD50 (0.5 

g/kg or 500 mg/kg). Probably, the toxic effect was due to 
the presence of compounds, such as terpenes, detected 
in the hexane extract, as well as identified substances 
from this species (Suárez et al., 2002). In the present 
study, the LD50 was used to define the doses that were 
administered to the animals. 

Intraperitoneal injection of acetic acid has been 
reported to significantly increase level of prostanoids, 
particularly PGE2 and PGF2α as well as lipoxygenase 
products in the peritoneal fluid (Ahmed et al., 2011; 
Ricciotti and FitzGerald, 2011). Regarding this test, our 
results clarified that the hexane extract from H. brasiliana 
(Figure 1) presented antinociceptive property by reducing 
abdominal writhing based on this explanation. 

The hexane extract also produced significant inhibition 
in the both phases of formalin-induced pain. The formalin 
test is a valid and reliable model for nociception 
investigation and it is sensitive for several classes of 
analgesic drugs. This important experiment produces a 
distinct biphasic response that is characterized by two 
phases (first and second phases) (Zouikr et al., 2013). 
Centrally acting drugs such as opioids inhibit both phases 
equally, while peripherally acting drugs such as nefopam 
and ketoprofen only inhibit the second phase (Girard et 
al., 2008). According to the Figure 2, the effect observed  
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Table 4. Effects of the hexane extract from H. brasiliana leaves on pleural exudation and number of 
leucocytes in carrageenan-induced pleurisy in rats. 
 

Group  Dose (mg/kg) Exudate volume (ml) Nº Leucocytes (× 10
3
 cells/mm

3
) 

Control Saline 1.08±0.06 13.37±0.24 
    

Indomethacin 10 0.62±0.07*** 9.27±0.53*** 

50 1.07±0.07 13.42±0.27 
    

Extract 100 1.03±0.08 12.55±0.22* 

200 0.87±0.05* 11.52±0.25*** 
 

Data are mean ±S.E.M. of six rats. *p < 0.05; ***p < 0.001 vs control group (saline).  
 
 
 

with the hexane extract suggests that antinociceptive 
activity may be resulting from central and peripheral 
actions confirming the writhing test.  

In the hot plate procedure, a central model that has a 
selectivity for opioid-derived analgesics, the oral 
treatment with hexane extract exerts an antinociceptive 
action confirming the central activity observed in the first 
phase of formalin test (100 and 200 mg/kg). This 
experiment is also considered to be sensitive to drugs 
acting at the supraspinal modulation level of the pain 
response (Little et al., 2012) suggesting at least a 
modulatory effect of the investigated extract. Our results 
indicated that the analgesia induced by the extract could 
be dependent on the opioid system, since previous 
treatment with naloxone reversed the effect (Table 2). In 
addition, it is possible that this effect was due to a 
synergistic action of the constituents presented in the 
hexane extract. 

The anti-inflammatory activity of the hexane extract 
from H. brasiliana suggested in the formalin test was 
confirmed by the carrageenan-induced paw edema 
model through the reduction on the displaced volume 
(Table 3). This experiment is a suitable model for 
evaluating anti-inflammatory drugs, which has frequently 
been used to assess the anti-edematous effect of natural 
products (Omar et al., 2012). Moreover, carrageenan-
induced rat paw edema is associated with three distinct 
phases (Patel et al., 2012). The  first phase is early 
mediated by mast cell degranulation and histamine and 
serotonin release (1 h), the second phase (60 to 150 min) 
is characterized by bradykinin release and pain, and 
further eicosanoid (prostaglandins) production in the late 
phase (3-4 h) (Moore et al., 2010; Patel et al., 2012). The 
treatment with the hexane extract from H. brasiliana 
reduced the paw edema demonstrating a possible 
inhibition of the inflammatory mediators in the late phase 
(Table 3). 

Carrageenan-induced pleurisy in rats is considered to 
be an excellent acute inflammatory model in which fluid 
extravasation, leukocyte migration and the various 
biochemical parameters involved in the inflammatory 
response can be measured easily in the exudate (Patel et 

al., 2012). Therefore, this method assesses the inflam-
matory infiltrate and confirms the paw edema results. 
Non-steroidal anti-inflammatory drugs inhibit the 
accumulation of exudate and mobilization of leucocytes 
between 3 and 6 h after the application of carrageenan 
(Vinegar et al., 1973). By reducing the both volume of 
exudate and leucocyte migration (Table 4), the hexane 
extract from H. brasiliana reinforced the anti-inflammatory 
effect observed in the formalin (Figure 2) and paw edema 
tests (Table 3). 

Antinociceptive and anti-inflammatory activities verified 
in the present study were also reported with plants 
belonging Rutaceae family (Lee et al., 2008; Liao et al., 
2011). Probably, similar components detected in our 
experiments could be responsible for these properties, 
because the chemical analysis of the hexane extract from 
H. brasiliana demonstrated the presence of 
sesquiterpenes, diterpenes, hydrocarbons and 
pentacyclic triterpenes, suggesting a synergistic 
biological action (Heras and Hortelano, 2009). 
Interestingly, compounds like triterpenes, common in 
hexanic extracts, have been shown to possess 
antinociceptive and anti-inflammatory activities (Heras 
and Hortelano, 2009; Gomes et al., 2010). Based on the 
classes of compounds detected in H. brasiliana, 
mechanisms of action could be applied to explain the 
activities observed with hexane extract. For example, the 
anti-inflammatory activity of extracts from H. brasiliana 
could be associated with the inhibitory effect of 

triterpenes on the nuclear factor-B (Harikumar et al., 
2010). The anti-inflammatory mechanisms of asiatic acid, 
a pentacyclic triterpene, have been related to the 

decrease in the level of MDA, iNOS, COX-2, and NF-B 
in the paw edema via increasing the activities of CAT, 
SOD, and GPx in the liver (Huang et al., 2011). 

Therefore, the hexane extract from H. brasiliana leaves 
showed antinociceptive and anti-inflammatory effects as 
demonstrated by well established methods suggesting a 
potential alternative for therapeutic purposes and 
supporting the use of this plant in the Brazilian folk 
medicine. However, further studies need to be conducted 
to ensure the safe use. 
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The aim of this study was to investigate the potent neuroprotective property of ethanol extract of 
Ocimum sanctum (EEOS) leaf (Holy basil, Family: Labiataea) against excitotoxicity induced 
neurodegeneration by using monosodium-L-glutamate (MSG) in Sprague-Dawley rats. The animals 
received EEOS (50, 100 and 200 mg/kg) and memantine (MMT, 20 mg/kg) daily for 7 days. On all the 7 
days, MSG (2g/kg, i.p.) was administered one hour before drug treatment. The animals were observed 
for neurobehavioral performance on 1

st
, 3

rd
, 5

th
 and 7

th
 day. Oxidative damage and histopathological 

analysis were also assessed. EEOS (100 and 200 mg/kg, p.o.) and MMT (20 mg/kg, i.p.) administration 
significantly improved body weight and attenuated locomotor activity, rotarod performance and foot-
fault test  as compared with MSG treated group. In addition, EEOS was found to restore reduced 
glutathione (GSH), glutathione peroxidase (GPx), glutathione reductase (GR), catalase (CAT), super 
oxide dismutase (SOD) and Na

+
-K

+
 ATPase. Conversely, the elevated level of lipid peroxidation and 

nitrite concentration in MSG treated group was attenuated significantly in EEOS group in comparison to 
MSG treated group. Histopathological evaluation showed that treatment with EEOS and MMT 
significantly attenuated neuronal death and increased the density of neurons after MSG treatment. 
Thus, these findings suggest that EEOS contains rosmarinic acid and ursolic acid in addition to other 
bioactive principles may have utility in the preventing and/or treating the neurodegenerative diseases 
and its protective effects may be due to the amelioration of excitotoxicity, oxidative stress, neurological 
and behavioral alterations. However, further studies are necessary to clearly define mechanism 
responsible. 
 
Key words: Ocimum sanctum, F Holy basil, sodium glutamate, neurological, neurodegeneration. rosmarinic 
acid 

 
 
INTRODUCTION 
 
Glutamate  is present  in very high  concentrations in the  
brain  and  is  believed  to  be  a  major  excitatory neuro-
transmitter in  the mammalian  central nervous  system 

(CNS) (Fonnum, 1984). L-monosodium glutamate (MSG), 
however, has been shown to be toxic to neurons in vivo 
(Mcbean and Roberts, 1984; Kubo et al., 1993)

 
and in 
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vitro (Zhou et al., 2009; Michaels and Rothman, 1990). 
This neurotoxicity of L-glutamate has been implicated 
both in the  acute  degenerative  changes  that  occur  
after  status epilepticus, hypoglycemia, ischemia,  and  
trauma,  and  in such  chronic  neurodegenerative  dis-
orders  as  Huntington's  disease, olivopontocerebellar 
atrophy, Alzheimer's dementia, Parkinsonism, and  
amyotrophic  lateral  sclerosis  (ALS) (Hynd et al., 2004; 
Coyle and Puttfarcken, 1993). Although the detailed 
mechanisms are still not fully clarified, growing evidence 
points to a key role of receptor-mediated intracellular 
Ca

2+
 overload and increased reactive oxygen species 

(ROS) production in governing glutamate-mediated 
neurotoxicity. This type of over excitation-induced 
oxidative stress and intracellular Ca

2+
 metabolism 

disorders have been identified to execute cell death via 
distinct downstream signaling cascades, including 
activation of potentially lethal second messengers and 
enzymes, disturbance of mitochondrial function, and 
inhibition of anti-apoptotic pathways (Greenwood and 
Connolly, 2007; Montal, 1998). Thus, neuroprotection 
against glutamate-induced neurotoxicity has been 
therapeutic strategy for preventing and/or treating both 
acute and chronic forms of neurodegeneration (Meldrum, 
2002). 

In spite of its ubiquitous role as a neurotransmitter, 
glutamate is highly toxic to neurons, a phenomenon 
dubbed ‘excitotoxicity’ (Choi, 1988). Studies in tissue 
culture indicate that glutamate receptor mediated 
neuronal degeneration can be separated into two distinct 
forms: acute and delayed form of neuronal degeneration. 
Studies have demonstrated that synaptic glutamate 
release and uptake are energy (ATP)-dependent, and 
any impairment or breakdown may lead to generation of 
ROS and inactivation of glutamate reuptake mechanism 
leading to excessive glutamate accumulation. If the 
circumstance continues unabated, there is excessive 
influx of Na

+
, Cl

-
 and Ca

2+
, via post-synaptic ion channels 

producing swelling and destruction of post synaptic 
elements not only in the immediate vicinity but also the 
entire neuron as well. Upon destruction of neurons by this 
mechanism, additional glutamate may be released further 
increasing the level of extracellular glutamate and 
thereby propagating the excitotoxicity and death of 
additional glutamate-sensitive neurons in the region of 
involvement (Nicholis and Attwell, 1990; Novelli et al., 
1988). 

Published reports indicates that several medicinal 
plants have been found to possess in vitro neuro-
protection against glutamate excitotoxicity (Li et al., 2007; 
Nobre et al., 2008), may open a promising approach for 
treating glutamate-associated neurodegenerative dis-
ease. Ocimum sanctum (O. sanctum Linn. Family: 
Labiatae) is a well-known, widely distributed, and highly 
esteemed sacred medicinal herb especially for Hindus in 
the Indian subcontinent. Traditionally, it has been used as 
nerve tonic to alleviate the problems related to the 
nervous system. In Ayurveda,  O.  sanctum  is  described  
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as rasayana (plants having adaptogen like properties). 
Ayurvedic rasayanas are those drugs, which prevent 
ageing, increase longevity, impart immunity, improve 
mental functions and add vigor and vitality to the body 
(Bhargava and Singh, 1981).  Recently, it has been 
demonstrated that O. sanctum exhibited significant 
neuroprotective effect in models of cerebral reperfusion 
injury and long-term hypoperfusion (Yanpallewar et al., 
2004), anticonvulsant (Jaggi et al., 2003), antistresss 
(Samson et al., 2006), anti-inflammatory (Godhwani et 
al., 1987), antioxidant (Kelm, 2000), and antidepressant 
(Sudhakar et al., 2010) properties.  

Major phytochemical compounds in O. sanctum leaf 
include eugenol (volatile oil), palmitic , stearic, oleic, lino-
leic, linolenic  acids (fixed oil), luteolin, orientin, vicenin 
(flavonoids), rosmarinic acid (RA, phenylpropnoid) and  
ursolic acid (UA, triterepene) (Kelm, 2000). Therefore, the 
present study was planned to standardize the ethanol 
extract of O. sanctum (EEOS) leaf for RA and UA and 
evaluate its possible effects on glutamate-induced 
general behavioral and biochemical alterations for the 
first time, in an attempt to assess and validate the central 
neuroprotective effects of O. sanctum leaf. 
 
 
MATERIALS AND METHODS 

 
Plant material 
 

The aerial parts of the plant O. sanctum was collected from 
Bhavani, Erode district, Tamil Nadu, India. It was taxonomically 
identified by Survey of Medicinal Plants and Collection Unit, Ooty, 
Tamilnadu, India, and an herbarium of the plant is preserved 
(OS/234) in the Department of Pharmacognosy, J.S.S. College of 
Pharmacy, Ooty, Tamil Nadu, India. The plant was identified and 

authenticated by Dr. S. Rajan and Dr. D. Suresh Baburaj, Survey of 
Medicinal Plants and Collection Unit, Ootacamund, Tamilnadu, 
India.  

Dried leaves of O. sanctum were coarsely powdered (1.9 kg ± 0.5 
dry basis) and subjected to extraction by cold maceration with 90% 
ethanol at room temperature with continuous stirring (300 rpm) for 7 
days, after defatting with petroleum ether (60-80°C). The solvents 
were evaporated with rotary vacuum evaporator until a solid residue 
was formed and was stored in desiccator. The solid residue was 

then made into a fine suspension using 0.5% Tween 80. The 
extract yield of the O. sanctum was found to be 17.38 % w/w. (Joshi 
and Parle, 2006). 

 
 
Estimation of rosmarinic acid (RA) and ursolic acid (UA) in 
EEOS by LC-MS 
 

The liquid chromatography (LC) separation was carried out on a 
Phenomenex C18 (150 x 4 mm i.d., 5μ) with single quadrupole MS 
analyzer. The mobile phase consisting of 0.5% formic acid-
acetonitrile (75:25%) and ammonium acetate-acetonitrile (70:30%) 
were used for RA and UA respectively, and delivered at a flow rate 
of 0.5 ml/min. The column temperature was maintained at 30°C. 
The optimum operating parameters of the APCI interface in 
negative mode were: Heat block temperature 400°C, CDL 
temperature 450°C, nebulizing gas (N2) 1.5 L/min, drying gas (N2) 

10 L/min, and detector voltage 1.3 kV. Quantification was achieved 
using selected ion-monitoring (SIM) mode of ion at m/z 359 for RA 
and 455 for UA.  



1896          Afr. J. Pharm. Pharmacol. 
 
 
 
Animals 

 
Healthy Sprague-Dawley rats (age in the range of 4-6 weeks) with 
weight in range between 120-160 g, were used. Animals were 
obtained from the Central Animal House of the J.S.S. College of 

Pharmacy, housed in colony cages at an ambient temperature of 25 
± 2°C and 45-55% relative humidity with 12 h light / dark cycles with 
lights on at 20:00. Pelleted chow (Brook Bond, Lipton, India) and 
tap water were freely available in the home cages. A protocol for 
the use of animals study was approved by the Institutional Animal 
Ethical Committee, under the regulation of CPCSEA, New Delhi 
(JSSCP/IAEC/PhD/Ph.Cology/01/2005-06).  
 
 

MSG administration 
 
MSG (2 g/kg body weight) dissolved in physiological saline solution 
or sodium chloride solution at an equimolar concentration (control 
group) was injected intraperitonealy (i.p.) for 7 consecutive days, 
according to a previous protocol used to determine the MSG effects 
on neurodegeneration (Ramanathan et al., 2007). 
 
 

Drug and treatment schedule 
 
Memantine (MMT, Sigma Chemicals, St. Louis, USA) and EEOS 
was prepared as fine suspension in 0.5% Tween 80 and 
administered depending upon the body weight (5 ml/kg) of the rats. 
Experimental study included various treatment groups, consisting of 
6 animals in each group. Group-1: Control (vehicle administered); 
Group-2: MSG (2 g/kg, i.p.); Group-3: MSG (2g/kg, i.p.) + EEOS (50 
mg/kg, p.o.); Group-4: MSG (2g/kg) + EEOS (100 mg/kg, p.o.); 
Group-5: MSG (2 g/kg) + EEOS (200 mg/kg, p.o.); Group-6: MSG 
(2 g/kg, i.p.) + MMT (20 mg/kg, i.p.); Group-7: EEOS (200 mg/kg, 
p.o.) per sec (only) treatment. All the groups were subjected daily to 
drug treatment at 0900 h, for 7 days, starting from day 1 after one 
hour of MSG treatment (0800 h). 
 
 

Examination of general behavior 

 
Body weight  
 
The body weight of the animals was recorded immediately before 
administration of MSG or drug treatment, from the day of first 
injection (day 1) and continued for 7 days thereafter, by weighing on 
a top loading balance with accuracy to ± 0.1 g. Changes in body 
weight were calculated by subtracting the weight of the animal 

obtained on every day from that of the animal weight immediately 
before the first MSG injection and expressed as g% change 
(changes in body weight per 100 g). 
 
 
Locomotor activity 
 
The locomotor activity of each animal was assessed using a photo-
electric actimeter, 1 h after administration of MSG or drug 

treatment, on 1
st
, 3

rd
, 5

th
 and 7

th
 day. The apparatus consists of a 

stainless steel box containing transparent cages (270 × 220 × 110 
mm) in which the animals’ horizontal activity is measured by two 
light beams connected to a photoelectric cell. The total number of 
beam crossings is recorded over a period of 5 min (Ramanathan et 
al., 2007). 
 
 
Rotarod activity 

 
Animals were tested for muscular coordination and balance using 
the rotarod on 1

st
, 3

rd
, 5

th
 and 7

th
 day, 1 h after  MSG  or  drug  treat- 

 
 
 
 
ment. The animals were given a prior training session before actual 
recording on rotarod apparatus (Inco, India). The animals were 
placed individually on the horizontal rotating bar (diameter 2.5 cm, 
20 r.p.m.) of the rotarod apparatus and the time the animal could 
stay on the rotarod was measured (max. 2 min). Total time spent on 

the rotating bar was registered using a stopwatch, and the number 
of falls during the session was also recorded (Dunham and Miya, 
1957). 
 
 

Foot-fault test 
 
The animals were acclimatized for 2 min on an elevated stainless 
steel grid floor before MSG administration for one week. The foot-

fault test was performed 1 h after administration of MSG or drug 
treatment on 1

st
, 3

rd
, 5

th
 and 7

th
 day, according to a published 

method of Barth and Stanfield (1990). Rats were placed on an 
elevated stainless steel grid floor 50×40 cm, 1 m above the floor 
with 3 cm

2
 holes and a wire diameter of 0.4 cm. Each animal was 

placed on the grid and observed for 2 min. An animal is said to 
have satisfactorily performed a foot-fault when it misplaced a fore or 
hind limb and the paw falls through between the grid bars. The 
excess of left (ipsilateral foot-faults) to right (contralateral foot-
faults) was recorded. Only the side difference of foot-faults was 
used for the statistical evaluation to eliminate the influence of the 
extent of activity in different rats. 
 
 

Biochemical estimations 

 
Dissection and homogenization 
 
On day 8, following behavioral testing, animals were sacrificed by 
decapitation under ether anesthesia and the brains were removed 
immediately and dissected. The hippocampus and striatum, of all 
the animals were isolated, rinsed in ice-cold isotonic saline and 
packed with ice and stored at -70°C. A 25% homogenate was 
prepared in potassium phosphate buffer (100 mM, pH 7.5) 
containing 0.15 M KCl. The homogenate was then centrifuged at 
10000 x g at 4°C for 20 min and the resultant supernatant was 

separated and used for biochemical estimations. 
 
 

Total glutathione estimation (GSHt) 
 
GSHt was measured by the enzymatic recycling procedure in which 
reduced glutathione (GSH) is sequentially oxidized by 5, 5-dithiobis-
(2- nitrobenzoic acid) (DTNB) to oxidized glutathione (GSSG) which 

is then reduced by NADPH in the presence of glutathione reductase 
(GR) back to GSH (Griffith, 1980)

 
. GSH was used as an external 

standard, and the level of GSHt in the samples was expressed as 
nanomoles of GSH/mg protein. 
 
 

Glutathione peroxidase estimation (GPx) 

 
The reaction mixture consisted of phosphate buffer (0.05 M, pH 

7.0), 1 mM ethylenediaminetetraacetic acid (EDTA), sodium azide 
(1 mM), GR (1 EU/ml), GSH (1 mM), NADPH (0.2 mM), hydrogen 
peroxide (0.25 mM), and 0.1 ml of supernatant in a final volume of 2 
ml. The disappearance of NADPH at 340 nm was recorded at room 
temperature. The enzyme activity was calculated as nanomoles of 
NADPH oxidized per minute per milligram of protein using a molar 
extinction coefficient 6.22×10

-3
 M

−1
 cm

−1 
(Mohandas et al., 1984). 

 
 

Glutathione reductase estimation (GR) 
 
The assay mixture consisted  of  phosphate  buffer  (0.1 M, pH 7.6),  



 
 
 
 
NADPH (0.1 mM), EDTA (0.5 mM), GSSG (1 mM), and 0.05 ml of 
supernatant in a total volume of 1 ml. The enzyme activity was 
quantified at room temperature by measuring the disappearance of 
NADPH at 340 nm and was calculated as nanomoles of NADPH 
oxidized per minute per milligram of protein using molar extinction 

coefficient of 6.22×10
-3

 M
−1

 cm
−1 

(Mohandas et al., 1984). 
 

 

Superoxide dismutase estimation (SOD) 
 

Brain SOD activity was determined colorimetrically according to the 
method of Kakkar et al. (1984). This assay relies on the ability of 
the enzyme to inhibit the phenazine methosulfate-mediated 
reduction of nitroblue tetrazolium dye which can be measured at 

560 nm. 
 
 

Catalase estimation (CAT)  
 

In brief, potassium phosphate buffer (65 mM, pH 7.8, 2.25 ml) and 
100 μl supernatant or sucrose (0.32 M) were incubated at 25°C for 
30 min. Hydrogen peroxide (7.5 mM; 650 μl) was added to initiate 
reaction. Decomposition of hydrogen peroxide in the presence of 
CAT was followed at 240 nm. The results are expressed as units 
(U) of CAT activity/mg of protein (Beers and Sizer, 1952). 
 
 

Lipid peroxidase estimation (LPO) 
 

LPO in terms of thiobarbituric acid reactive substances (TBARS) 
was measured using the method of Okawara et al. (1979). Lipid 
peroxide content was expressed as nanomoles of malondialdehyde 

(MDA) / mg of protein. The calibration curve was prepared by using 
1,1,3,3-tetra ethoxypropane as standard. 
 
 

Nitrite estimation 
 

The accumulation of nitrite in the supernatant, an indicator of the 
production of nitric oxide (NO), was determined with a colorimetric 
assay with Greiss reagent (0.1% N-(1-naphthyl) ethylenediamine 

dihydrochloride, 1% sulfanilamide and 2.5% phosphoric acid) as 
described by Green et al (1982). Equal volumes of supernatant and 
Greiss reagent were mixed, and then the mixture was incubated at 
25°C for 10 min in the dark. The concentration of nitrite was 
assayed at 540 nm and calculated with reference to the absorbance 
of the sodium nitrite standard curve. 
 

 

Na
+
- K

+
 ATPase estimation 

 

Na
+
-K

+
 ATPase was assayed by taking 250 μl of Tris HCl (184 mM; 

pH 7.5) buffer followed by the addition of 50 μl of 600 mM NaCl, 50 
μl of 50 mM KCl, along with 50 μl of 1 mM Na-EDTA  and 50 μl of 
80 mM ATP. The reaction mixture was pre-incubated at 37°C for 10 
min. Then 25 μl of 10% homogenate was added to the test alone 
and further incubated at 37°C for 1 h. The reaction was immediately 
arrested by the addition of 10% trichloroacetic acid (TCA). Control 
samples were carried out under the same conditions with the 

addition of 0.1 mM ouabain. The precipitate was removed by 
centrifugation at 3500 rpm for 10 min. The supernatant (0.5 ml) was 
used for the estimation of inorganic phosphorous according to 
method of Sovoboda and Mossinger (1981). The specific activity of 
the enzyme corresponds to the difference between the total 
ATPase activity and the activity measured in the presence of 1 mM 
ouabain (ouabain-resistant activity). 
 
 

Protein estimation 
 

Protein was assayed  according  to  Lowry  et  al.  (1951)  using  the  
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Folin-Ciocalteus phenol reagent with bovine serum albumin as 
standard. 
 
 

Histological examination 

 
On the 8

th
 day, the animals were anesthetized with diethyl ether and 

underwent transcardialperfusion with 0.9% saline followed by 4% 
para-formaldehyde in 0.1 M phosphate buffer (pH7.3). The 
hippocampus, harvested from the rat brain, was post-fixed over 

night in parformaldehyde, processed and embedded in paraffin. 
The fixed brains were cut into 5 µm sections on a microtome. 
Levels of sections and CA1 area in the hippocampus were found 
with the help of the stereotaxic atlas (Paxinos and Watson, 2007), 
and were stained with cresyl-violet. The hippocampal damage was 
determined by counting the number of intact neurons in the stratum 
pyramidale within the CA1 subfield at a magnification of 400 and 
the counts of neurons were determined per square millimeter by 
using a standardized ocular grid. The neurons counted in random 
high-power fields using a light microscope (Olympus BH-2, Japan) 
incorporating a square graticule in the eyepiece (eyepiece x10, 
objective x40,a total side length of 0.225mm). Neurons density was 

assessed by counting the number of cells in 200 high power field in 
hippocampal tissue preparations of each group. The neurons 
density in each site was calculated and recorded as number of 
NCs/mm

2
. The tissue compartments were used to record the 

neurons distribution in hippocampal tissue. Six sections from each 
animal were used for counting. 
 
 

Histological examination 

 
The brain tissue was fixed in 10% formalin for one week, washed in 
running tap water for 24 h and dehydrated in ascending series of 
ethanol (50–90 %), followed by absolute alcohol. The samples were 
cleared in xylene and immersed in a mixture of xylene and paraffin 
at 60ºC. The tissue was then transferred to pure paraffin wax of the 
melting point 58°C and then mounted in blocks and left at 4°C. The 
paraffin blocks were sectioned on a microtome at thickness of 5 μm 
and mounted on clean glass slides and left in the oven at 40°C to 

dryness. The slides were deparafinized in xylene and then 
immersed in descending series of ethanol (90–50%). The ordinary 
haematoxylin and eosin stain was used to stain the slides (Paxinos 
and Watson, 2007). 
 
 

Liquid chromatography-mass spectrophotometry (LC-MS) 
method validation 

 
The assay was shown to be linear over the range of 100-1000 
ng/ml (r

2
 = 0.9997 and 0.9999 for RA and UA respectively). The 

limit of detection (LOD) and limit of quantification (LOQ) for RA and 
UA were found to be 1 and 3 ng/ml, and 2 and 6 ng/ml, 
respectively. The method was shown to be reproducible and 
reliable with intraday precision below 0.14 and 0.11% and interday 
precision below 0.71 and 0.46% and mean recovery excess of 
94.38 and 92.92% for RA and UA, respectively.  
 
 
Statistical analysis 
 
All data are presented as mean ± SEM. The behavioral and 
biochemical data was analyzed using two ways ANOVA and one 
way analysis of variance (ANOVA)  followed by Tukey-Kramer post 
hoc analysis was used to analyze differences between the groups. 
A probability level (p) of value of less than 0.05 was considered to 

be statistically significant. The statistical analysis was performed 
using GraphPad Prism for Windows (Graph Pad Prism Software 
(version 4.03), San Diego, California, USA). 
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Figure 1. Effect of EEOS and memantine on MSG induced change in rat body weight. Values are 

expressed in mean±SEM; significance with Tukey’s test following one way ANOVA is indicated as 
†
p<0.05 and

 ††
p<0.01 compared to control or *p<0.05 or **p<0.01 compared to MSG. 

 
 

 

RESULTS 
 
LC-MS estimation of RA and UA 
 
LC-MS assay achieved higher sensitivity and better 
specificity for analysis of RA and UA. The method offers 
sensitivity, with a LOQ of 3 and 6 ng/ml for RA and UA, 
respectively, without interference from other phytoconsti-
tuents present in the herb. Using the optimized 
conditions, the quantity of RA and UA in EEOS was 
found to be 0.27 and 0.40% w/w, respectively. The 
method is suggested to be ideally suited for rapid routine 
analysis of RA and UA. 
 
 
Effect of EEOS and MMT on MSG induced change in 
body weight  
 
The body weights of the experimental animals are shown 
in Figure 1. Administration of MSG displayed significantly 
greater decrease in body weights (‒11.45) of the rats as 
compared to control group. EEOS (100 and 200 mg/kg) 
and MMT (20 mg/kg) co-treatment significantly improved 
the body weight (P<0.001) as compared to MSG treated 
group. EEOS (200 mg/kg) per se treatment demonstrated 
had no statistically significant effect on the body weight 
as compared to control group. 

Effect of EEOS and MMT on MSG induced alterations 
in locomotor activity and rotarod performance 
 
Co-administration of MSG for 7 days significantly reduced 
locomotor activity and rotarod performance as compared 
to the control group. EEOS (100 and 200 mg/kg) and 
MMT (20 mg/kg) treatment significantly improved the 
locomotor activity (Figure 2) (P<0.001) and fall off time 
(rotarod performance) (Figure 3) as compared to MSG 
treated animals (P<0.001).  EEOS (200 mg/kg) per se 
treatment exhibited no significant effect on locomotor 
activity and fall off time (rotarod performance) as 
compared to control group. 
 
 
Effect of EEOS and MMT on MSG induced alterations 
in foot-fault test  
 
Figure 4 shows the number of foot-faults in each group. 
The number of foot-fault was significantly greater in the 
MSG treated group than that in the control group. The 
number of foot-fault was significantly (P<0.001) 
attenuated in EEOS (100 and 200 mg/kg) and MMT 
(20mg/kg) co-treated group than that in the MSG treated 
group. EEOS (200 mg/kg) per se treatment demonstrated 
no statistically significant effect on foot-fault test as 
compared to control group.  
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Figure 2. Effect of EEOS and memantine on locomotor activity in MSG treated rats. Values are expressed 
in mean±SEM; significance with Tukey’s test following one way ANOVA is indicated as 

†
p<0.05  and

 

††
p<0.01 compared to control or *p<0.05 or **p<0.01 compared to MSG. 
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Figure 3. Effect of EEOS and memantine on performance of rota-rod test in MSG treated rats. Values are 

expressed in mean±SEM; significance with Tukey’s test following one way ANOVA is indicated as 
†
p<0.05 

and
 ††

p<0.01 compared to control or *p<0.05 or **p <0.01 compared to MSG. 
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Figure 4. Effect of EEOS and memantine on the performance of foot-fault test in MSG treated rats. Values 

are expressed in mean±SEM; significance with Tukey’s test following one way ANOVA is indicated as 
†
p<0.05 and

 ††
p<0.01 compared to control or *p<0.05 or **p<0.01 compared to MSG. 

 
 
 

Effect of EEOS and MMT on MSG induced GST, GPx, 
and GR enzymes level  
 
A significant decrease in the GSHt, GPx and GR level 
was observed in hippocampus and striatum of the MSG 
treated groups as compared to the control group (Table 
1). On the other hand, EEOS (100 and 200 mg/kg) and 
MMT (20 mg/kg) treatment significantly stimulated GSHt, 
GPx and GR levels both in hippocampus (P<0.001) and 
striatum (P<0.001) in comparison to MSG treated groups, 
whereas EEOS (200 mg/kg) per se treatment demon-
strated no significant change in GSHt, GPx and GR 
levels, as compared to control group. 
 
 

Effect of EEOS and MMT on MSG induced SOD and 
CAT enzyme level  
 
The data in Table 2 indicates that SOD and CAT enzyme 
levels in hippocampus and striatum were significantly 
decreased (P<0.001) in MSG treated animals with 
respect to control group and significantly increased in 
EEOS (100 and 200 mg/kg) and MMT (20 mg/kg) treated 
groups (P<0.001) with respect to MSG treated group both 
in the hippocampus (P<0.001) and striatum (P<0.001), 
whereas EEOS (200 mg/kg) per se treated animals 

demonstrated no significant change in SOD and CAT 
enzymes level as compared to control group. 
 
 

Effect of EEOS and MMT on MSG induced lipid 
peroxidation (MDA) and nitrite content 
 
A significant increase in MDA and nitrite content in 
hippocampus and striatum was observed in MSG treated 
group when compared to control group. EEOS (100 and 
200 mg/kg) and MMT (20 mg/kg) demonstrated 
significant attenuation in lipid peroxidation and nitrite 
concentration both in hippocampus (P<0.001) and 
striatum (P<0.001) comparison to MSG treated group 
(Table 3). EEOS (200 mg/kg) per se treatment demon-
strated no significant effect on MDA and nitrite content as 
compared to control group. 
 

 
Effect of EEOS and MMT on Na

+
- K

+
 ATPase activity 

 
Figure 6 shows that MSG administration significantly 
decreased Na

+
-K

+
 ATPase activity in hippocampus and 

striatum as compared to the control group. However, 
EEOS (100 and 200 mg/kg) and MMT (20mg/kg) 
treatment enhanced Na

+
-K

+
 ATPase activity significantly,
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Table 1. Effect of EEOS and memantine on MSG induced change in GSH, GPx and GR levels of brain hippocampus and striatum.  

 

Treatment  
nmol GSH/mg protein 

GPx (nmol NADPH 

oxidized/min/mg 

protein) 

GR (nmol NADPH 

oxidized/min/mg 

protein) 

Hippocampus Striatum Hippocampus Striatum Hippocampus Striatum 

Control 3.54±0.52 2.86±0.47 42.56±2.17 37.89±2.25 50.14±2.65 54.14±3.13 

EEOS 200 mg per sec 3.82±0.60 3.25±0.62 44.24±2.08 40.24±2.40 54.62±3.30 58.55±3.50 

MSG 2g 1.04±0.12
††

 0.92±0.07
††

 18.70±1.22
††

 16.60±1.06
††

 28.73±1.72
††

 28.58±1.59
††

 

MSG 2 g + EEOS 50 mg 1.14±0.15 1.03±0.09 21.42±1.28 18.40±1.30 31.13±2.14 30.84±2.35 

MSG 2 g + EEOS 100 mg 2.69±0.20* 2.57±0.16* 30.05±1.45* 26.19±1.53* 43.65±2.54* 43.51±2.28* 

MSG 2 g + EEOS 200 mg 3.26±0.24* 2.86±0.28* 38.30±1.72** 33.58±1.84** 55.82±2.70** 50.77±2.94** 

MSG 2 g + MMT 20 mg 3.70±0.35** 3.24±0.35** 42.53±2.29** 40.13±2.42** 58.45±3.14** 55.45±2.66** 
 

Values are expressed in mean±SEM; significance with Tukey’s test following one way ANOVA and indicated as 
†
p<0.05 and 

††
p<0.01 compared to control or *p<0.05 or **p<0.01 compared to MSG. 

 
 
 

Table 2. Effect of EEOS and memantine on MSG induced change in SOD and catalase levels of brain hippocampus and 

striatum. 
 

Treatment 

SOD levels 

( U of SOD/mg protein) 

Catalase levels 

(μmol of catalase/mg protein) 

Hippocampus Striatum Hippocampus Striatum 

Control 1.71±0.17 1.25±0.12 36.8±2.85 29.2±2.50 

EEOS 200 mg/s 1.83±0.27 1.30±0.15 37.1±2.60 32.5±2.72 

MSG 2 g 0.84±0.06
††

 0.64±0.05
††

 15.3±1.32
††

 13.5±1.16
††

 

MSG 2 g + EEOS 50 mg 1.07±0.08 0.86±0.07 17.4±1.63 15.1±1.24 

MSG 2 g + EEOS 100 mg 1.63±0.13* 1.34±0.12* 27.2±2.40* 26.2±2.49* 

MSG 2 g + EEOS 200 mg 1.86±0.20* 1.52±0.18* 33.8±2.84** 32.5±3.18** 

MSG 2 g + MMT 20 mg 2.25±0.21** 1.80±0.21** 39.4±3.25** 38.6±3.51** 
 

Values are expressed in mean±SEM; significance with Tukey’s test following one way ANOVA is indicated as 
†
p<0.05  and

 

††
p<0.01 compared to control or *p<0.05 or **p<0.01 compared to MSG. 

 
 
 

Table 3. Effect of EEOS and memantine on MSG induced change in MDA and nitrite levels of brain hippocampus and striatum. 

 

Treatment 

MDA levels 

(μmol of MDA/mg protein) 

Nitrite levels 

(μmol of nitrite/mg protein) 

Hippocampus Striatum Hippocampus Striatum 

Control 0.97±0.05 0.76 ± 0.04 098.20 ± 4.12 094.53±4.12 

EEOS 200 mg/s 0.87±0.04 0.68 ±0.06 092.45 ± 4.65 089.08±3.95 

MSG 2 g 1.86±0.14
††

 1.47 ± 0.15
††

 224.93 ± 9.71
††

 195.73±8.94
††

 

MSG 2 g + EEOS 50 mg 1.73±0.10 1.26± 0.12 208.52±9 .39 173.26±8.44 

MSG 2 g + EEOS 100 mg 1.31±0.08* 1.05± 0.09* 171.58± 6.73* 146.44±7.09* 

MSG 2 g + EEOS 200 mg 1.18±0 .06** 0.95 ± 0.07** 129.96 ±5.94** 118.16±5.60** 

MSG 2 g + MMT 20 mg 1.05±0.04** 0.83 ± 0.05** 112.23±5.23** 105.35±4.38** 
 

Values are expressed in mean±SEM; significance with Tukey’s test following one way ANOVA is indicated as 
†
p<0.05 and 

††
p<0.01 

compared to control or *p<0.05 or **p<0.01 compared to MSG. 
 
 
 
both in hippocampus (P<0.001) and in striatum (P<0.001) 
when compared with MSG treated groups (Table 4). 

Further, there was no significant change found in EEOS 
(200 mg/kg) per se treated group of rats as  compared  to  
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Table 4. Effect of EEOS and memantine on MSG induced change in Na
+
/K

+
-ATPase activity levels of brain hippocampus 

and striatum. 
 

Treatment 
Na

+
/K

+
-ATPase activity 

(nmol of inorganic phosphorus  liberated/min/mg protein) 

 Hippocampus Striatum 

Control 360.53±22.25 301.53±17.20 

EEOS 200 mg/s 388.49±23.54 321.15±19.13 

MSG 2 g 138.71±08.78
††

 127.16±07.44
††

 

MSG 2 g + EEOS 50 mg 186.20±10.30 161.24±09.60 

MSG 2 g + EEOS 100 mg 278.67±13.25** 240.22±12.48** 

MSG 2 g + EEOS 200 mg 347.02±18.18** 293.43±17.30** 

MSG 2 g + MMT 20 mg 356.82±21.40** 298.17±18.58** 
 

Values are expressed in mean±SEM; significance with Tukey’s test following one way ANOVA and indicated as 
†
p<0.05 

and
 ††

p<0.01 compared to control or *p<0.05 or **p<0.01 compared to MSG. 
 
 

 

control group. 
 
 
Histological studies 
 
The histological results are shown in Figure 5a-g.  In the 
control group, the morphology of neurons CA1 region of 
the hippocampal tissues were normal, borders distinct 
and cell membrane integrity was preserved. Nucleus 
borders were regular and nucleolus was distinctively 
observed EEOS (200 mg/kg, Figure 5a) per se treatment 
demonstrated no significant effect on the morphology of 
neurons in CA1 region of the hippocampal tissues as 
compared to control group (Figure 5b). The observations 
of cresyl-violet stained Figure 5c showed unequivocal 
signs of neuron death with extensively dark pyknotic and 
shrunken nuclei located in the CA1 pyramidal cell layer of 
rats following 7 days of MSG treatment, in comparison to 
control group animals. In contrast to this, the cellular 
structures of neurons in EEOS (100 and 200 mg/kg) and 
MMT (20 mg/kg) treated group were found to be normal 
and the nuclei and the nucleoli were observed to be more 
distinct in hippocampal CA1 region in comparison with 
the control group (Figure 5e,f and g). On the other hand, 
animals treated with EEOS (50 mg/kg,) exhibited very 
little neuroprotection as evidenced from the extensive 
loss of hippocampal CA1 cell bodies and decreased 
neuronal density in  MSG treated  animals in comparison 
with control group animals (Figure 5d). The effect of 
EEOS and MMT treatment on neuron density was 
examined by quantitative histopathological analysis. In 
MSG treated group, hippocampal neuron density was 
significantly decreased (Figure 6) in comparison with the 
control group (p <0.001). However, treatment with EEOS 
(100 and 200 mg/kg) and MMT (20 mg/kg) significantly 
preserved the neurons of hippocampal regions (P<0.001) 
as compared to MSG treated group. Further, treatment 
with EEOS (50 mg/kg) did not show any significant 
inhibition against the decreased neuronal cell density due 
to MSG treatment.  EEOS (200 mg/kg) per se treatment 

exhibited no significant effect on hippocampal neuron 
density as compared to control group. 
 
 
DISCUSSION 
 
The present study highlights the neuroprotective effect of 
EEOS against MSG-induced neurotoxicity. The results of 
present study indicate that the treatment with EEOS 
significantly improved body weight and motor deficits, 
marked reduction in oxidative stress, restored antioxidant 
defense mechanisms and reduction in histological 
changes characterized by MSG-induced neurodegene-
ration study. Administration of MSG for seven days 
exhibited significantly reduced body weight, locomotor 
activity, muscle grip strength test and foot fault test in 
rats. These finding are consistent with earlier reports 
including those from our laboratory, which showed a 
variety of neurobehavioral abnormalities and motor 
deficits in rats following MSG administration 
(Ramanathan et al., 2007). In the present study, EEOS 
treatment significantly attenuated changes in body weight 
and motor function. 

Glutamate toxicity is a major contributor to pathological 
cell death within the nervous system and appears to be 
mediated by ROS (Coyle at al., 1981). There are two 
forms of glutamate toxicity: excitotoxicity pathway relies 
on the hyper-activation of glutamate receptors and non-
receptor mediated oxidative glutamate toxicity (Murphy et 
al., 1989). Reports indicated that there may be a close 
relation between activation of glutamate receptor and 
oxidative stress. Hyperactivation of glutamate receptor 
has been implicated in inhibition of cystine transport, 
GSH depletion, and lipid peroxidation (Bondy and Lee, 
1993). Oxidative glutamate toxicity is initiated by high 
concentrations of extracellular glutamate that prevent 
cystine uptake into the cells via the cystine/glutamate 
antiporter system, resulting in depletion of intracellular 
cysteine and glutathione. Glutathione (GSH) depletion 
induces   cellular  accumulation  of  ROS,  leading  to  cell
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Figure 5. (Panel  a–g)  The  effect  of EEOS and memantine on  the  density  of  

neurons  in  hippocampal  CA1 region of MSG and drug treated rat brains. 
Photomicrographs of cresyl-violet stained brain hippocampus CA1 sections. 

(Panel a) Vehicle-treated  control  group  showing  healthy  neurons;  (Panel  b) 
EEOS (200 mg/kg) per se treatment showing  intact  neurons; (Panel c)  MSG 
treated  group showing signs of neuron death with extensively dark pyknotic and 
shrunken nuclei located in the CA1 pyramidal cell; (Panel d)  EEOS (50 mg/kg) 
little/no protective effect on MSG induced neurodegeneration; (Panel e)  EEOS 
(100  mg/kg.) showing neuroprotection against MSG induced neurotoxicity; (Panel 
f) EEOS (200 mg/kg) showing more neuroprotection against MSG induced 
neurotoxicity; (Panel g)  memantine (20 mg/kg) showing more protection against 

MSG  induced  neurodegeneration (Scale bars represent 10µm, 
magnification:40×). 

 

 
 

injury. GSH is one of the most important tripeptide and 
plays an important role in maintaining cellular oxidant 
homeostasis by detoxifying ROS with antioxidative 
enzymes such as SOD, GPx, CAT and GR (Dringen, 
2000). The Na

+
-K

+ 
ATPase activity was reduced or insuffi-

cient to maintain ionic balances during and immediately 

after episodes of ischemia, hypoglycemia, epilepsy, and 
after administration of glutamate agonists (LEES) (Lees, 
1991). In the present study, intra-peritoneal adminis-
tration MSG caused oxidative damage as evidenced by 
decreased levels of GSH, GPx, GR, SOD, CAT, Na

+
-K

+ 

ATPase   activities   and  elevated  melondialdehyde  and  
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Figure 6. Effect of EEOS and memantine on neuronal density in the cresyl-violet stained 
hippocampal CA1 section of MSG treated rats. Values are expressed in mean±SEM; significance 
with Tukey’s test following one way ANOVA is indicated as 

†
p<0.05 and

 ††
p<0.01 compared to 

control or *p<0.05 or **p<0.01 compared to MSG. 
 
 
 

nitrite content in the brain, as compared with the vehicle 
control rats, these results are consistent with earlier 
report (Ramanathan et al., 2007; Lees, 1991). Previous 
studies demonstrated that O. sanctum has a potent 
antioxidant activity by scavenging free radicals (Kelm, 
2000). O. sanctum extracts and their fractions showed 
strong inhibitors of in vitro lipid peroxidation of 
erythrocytes membranes and also exhibited anti-
lipidperoxidative effects in vivo both in normal and in 
hypercholesterolemia-induced stress conditions (Geetha 
et al., 2004). Yanpallewar et al. (2004) reported that 
pretreatment of O. sanctum prevented the oxidative 
stress caused by cerebral reperfusion injury as well as 
attenuated the behavior deficits and histopathological 
alterations secondary to long-term hypoperfusion. 
Strikingly, EEOS treatment significantly increased the 
activities of all these enzymes and decreased the level of 
LPO and nitrite in the brain of MSG treated rats. Our 
results strongly suggest that EEOS can strengthen anti-
oxidative defense against free radicals induced by MSG 
in vivo.  

It  is  well  reported  that  MSG administration  produces   

morphological  and  histological  changes in  rat  brain  
that  further  results  in  learning  and  memory impair-
ment (Coyle et al.,1981; Ali  et al, 2000). Furthermore, 
neonatal  administration  of MSG  has  been  reported  to   
destroy  the  hippocampal CA1  structure while other 
neurons such as CA3,  the  dentate  gyrus  and  the  
frontal  cortex are much less vulnerable in  rodents and  
impair  the acquisition  of  discrimination  learning (Kubo 
et al., 1993). In the studies carried out with MSG treated 
rat, unequivocal signs of neuron death with extensively 
dark pyknotic and shrunken nuclei located in the CA1 
pyramidal cell layer have been determined. Oral  
administration  of  EEOS remarkably  attenuated  MSG  
induced  neuronal  loss  and  also decreased  pyknotic  
cell  density  in  a  dose  dependent  manner. The cell 
counts showed that the number of cells in the hippo-
campus sections were significantly lower in the MSG 
treated groups than in the control group. On the other 
hand, the number of cells in the treatment groups was 
closer to the values of the control group compared to the 
MSG treated group. This result suggests that EEOS has 
neuroprotective effects  against  MSG  induced  neuronal 



 
 
 
 
death. 

Previous phytochemical studies of O. sanctum have led 
to the isolation of terpenoids, fatty acids, triglycerides 
esters and phenolic derivatives (Norr and Wagner, 1992; 
Sukari et al., 1995). The content of RA and UA in the 
leaves of EEOS was quantified by LC-MS and was found 
to be 0.27 and 0.40% w/w, respectively. Therefore it can 
be assumed that EEOS attenuates behavioral and 
biochemical alterations against MSG induced 
excitotoxicity depending on rosmarinic acid, ursolic acid 
and other active principles present in EEOS leaves. 

The effect of EEOS was comparable and equipotent to 
that of MMT, a known N-methyl-D-aspartate receptor 
(NMDAR) antagonists. MMT (20 mg/kg) administration 
significantly improved body weight and attenuated the 
altered neurofunctional paradigms (locomotor activity, 
rotarod performance and foot-fault test) significantly and 
prevented the neurodegeneration on MSG treatment. In 
addition, MMT significantly increased the activities of 
antioxidant enzymes and decreased the level of lipid 
peroxidation and nitrite in the brain of MSG treated rats. 
These effects could be attributed to the antagonizing 
activity at NMDAR, leading to controlling the glutamate 
excitotoxicity resulting in the improved body weight, 
motor functions and oxidative defense. These findings 
are in line with previous reports regarding modulatory 
effect of MMT on neurological deficits, anxiogenic 
behavior, histological changes, lipid peroxidation, Na

+
-K

+ 

ATPase activity and antioxidant enzymes following 
injuries such as hypoxia/ischemia and CNS injuries 
(Ozsuer et al., 2005; Liu et al., 2009).  

The effect of EEOS was comparable and equipotent, to 
that of known NMDAR-antagonists memantine. The most 
acceptable explanation for the neuroprotective action of 
memantine is to block preferentially the opening of the 
NMDA channel due to prolonged exposure to 
extracellular glutamate while still allowing for 
physiological activation of the NMDAR. It was also found 
that memantine decreased the levels of SOD, CAT and 
GSH with a corresponding increase in TBAR levels in all 
the regions studied. These effects could be attributed to 
the antagonizing activity at NMDAR, leading to controlling 
the glutamate excitotoxicity resulting in the preservation 
of brain antioxidant system. 

The present study has provided experimental evidence 
for neuroprotective effects of EEOS against MSG 
induced excitotoxicity might caused at least in part by the 
increase in the activity of antioxidant enzymes with 
reduction in lipid peroxidation and nitrite concentration 
and improvement in behavioral activities.  

Thus, these findings suggest that EEOS may have 
utility in the preventing and/or treating the 
neurodegenerative diseases and its protective effects 
may be due to the amelioration of excitotoxicity, oxidative 
stress, neurological and behavioral alterations. Further 
study is required to understand, more fully, the 
mechanisms of neuropharmacological effects of O. 
sanctum.  
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ABBREVIATIONS 
 
CNS, Central nervous  system; MSG, monosodium 
glutamate; ALS, amyotrophic  lateral  sclerosis; ROS, 
reactive oxygen species; EEOS, ethanol extract of 
Ocimum sanctum; RA, rosmarinic acid; UA, ursolic acid; 
SIM, selected ion-monitoring; MMT, memantine; GSH, 
reduced glutathione; DTNB, 5, 5-dithiobis-(2- 
nitrobenzoic acid; GSSG, oxidized glutathione; GR, 
glutathione reductase; GPx, glutathione peroxidase; 
SOD, superoxide dismutase; CAT, catalase; LPO, lipid 
peroxidase; LOD, limit of detection; LOQ, limit of 
quantification; LC-MS, liquid chromatography-mass 
spectrophotometry; NMDAR, N-methyl-D-aspartate 
receptor. 
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The aim of this study was to determine the target-controlled concentration of propofol required for 
successful laryngeal mask airway (LMA) placement after dexmedetomidine pre-injection. Twenty ASA 
physical status I–II patients aged 20–60 years old, who were scheduled for general anesthesia, were 
studied. After receiving a loading dose of 1.0 μg/kg dexmedetomidine over 10 min, propofol was infused 
using a target-controlled infusion as determined by a modified Dixon's up-and-down method. The first 
patient received a target-controlled infusion of 3.0 μg/ml propofol. The response of each patient 
determined the propofol concentration given to the next patient. Cough, body movement, 
laryngospasm, intentional movement, mouth opening, and difficulty of LMA insertion indicated failure, 
and the propofol concentration was increased by a step of 0.2 μg/ml. If the insertion of the LMA was 
successful, then the target concentration was decreased by the same dose. The effect-site propofol 
concentration for successful LMA insertion was determined to be 2.351 μg/ml in 50% of the patients 
(EC50) with pre-injection of dexmedetomidine without muscle relaxant. Subsequent probit analysis 
showed an EC95 (95% CI) of 2.854 μg/ml (2.588–2.944 μg/ml). Thus, dexmedetomidine combined with 
target-controlled infusion of propofol can be used for LMA placement, with few adverse reactions. In 
addition, dexmedetomidine sedation can effectively reduce the target-controlled plasma concentration 
of propofol. 
 
Key words: Dexmedetomidine, propofol, target-controlled infusion, laryngeal airway mask.  

 
 
INTRODUCTION 
 
A laryngeal mask is widely used in clinical anesthesia to 
establish an effective airway. Successful insertion of a 
laryngeal mask airway (LMA) requires an adequate depth 
of anesthesia to reduce the laryngeal response and 
prevent coughing, laryngospasm, and other adverse 
events. Propofol is a short-acting intravenous anesthetic 
that can effectively reduce laryngeal responses and is 
widely used to induce anesthesia for laryngeal mask 
placement (Wang et al., 2010). However, anesthetic 
induction using propofol alone often requires large doses 
to achieve enough depth of anesthesia for LMA insertion, 

resulting in hemodynamic fluctuations and transient 
respiratory depression. Clinical trials have shown that 
separate applications (2.5–3 mg/kg) or plasma concen-
trations (7–9 μg/ml) of propofol cannot meet the LMA 
insertion anesthetic requirements (Hickey et al., 1990; 
Higuchi et al., 2002; Richebe et al., 2005; Taylor and 
Kenny, 1998). To avoid this problem, propofol is usually 
combined with other drugs like fentanyl or remifentanil.  

Dexmedetomidine is a highly selective, α2 receptor 
agonist with sedative and analgesic properties. It reduces 
the amount of anesthetic required and provides
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hemodynamic stability without respiratory depression. 
The purpose of this study was to determine, following 
premedication with dexmedetomidine, the optimal plasma 
concentration of propofol required for successful 
laryngeal mask placement. 
 
 
MATERIALS AND METHODS 

 
After approval from the ethics committee of Jilin University and 
patients’ written informed consent, 22 patients, ASA status I–II, 
aged 20 to 60 years old, were included in the study. Patients were 

excluded if they were suspected of having difficulty opening their 
airways (Mallampati score of III–IV, or a mouth opening of <2.5 cm). 
Patients were also excluded if they had a history of upper 
respiratory tract infection in the past two weeks, serious 
cardiovascular disease, gastroesophageal reflux disease (GERD), 
or a body mass index ≥ 30 kg/m

2
.  

The patients were not given premedication. On arrival to the 
operating room, each patient was attached to routine monitors and 
Ringer’s lactate solution (10 ml/kg) was infused over 20 min and 

then maintained at a rate of 100 ml/h. Following the initial fluid 
bolus, patients were infused with dexmedetomidine (Jiangsu 
Hengrui Medicine Co., Ltd., China) at 1.0 μg/kg over 10 min. The 
target-controlled infusion of propofol (AstraZeneca, Italy) was then 
started. The LMA “Supreme” (The Laryngeal Mask Company, Ltd., 
Singapore) was inserted when the infusion and target-controlled 
infusion concentrations reached equilibrium at the adjusted 
concentration, and the BIS value was 40–50. A size 3 LMA was 
selected for patients weighing 30–50 kg, a size 4 LMA was used for 

patients weighing 50–70 kg, and a size 5 LMA was used for patients 
weighing >70 kg. Target-controlled infusion (TCI) anesthesia with 
propofol was administered using a Graseby 3500 target-controlled 
infusion pump (Smiths Medical, USA). The target concentration of 
propofol was adjusted according to Dixon’s up-and-down sequential 
method (Kim et al., 2008; Lu et al., 2003). The first patient’s initial 
target-controlled infusion concentration of propofol was 3.0 μg/ml. 
The target-controlled infusion effect-site concentration of propofol 

for subsequent patients was based on the previous patient’s 
response to insertion of the laryngeal mask. If the insertion was 
successful, for the next patient, the target-controlled infusion 
concentration of propofol was decreased by 0.2 μg/ml. If the 
placement failed, the target-controlled infusion concentration of 
propofol was increased by 0.2 μg/ml.  
The following variables were observed and recorded:  
 
1. Response to LMA insertion: cough, holding of breath, 

laryngospasm, or conscious movement
 
of the whole body were 

considered as a positive response (Yu et al., 2006).  
2. Ease of LMA insertion was graded as follows: 1. Insertion without 

resistance, 2. mild resistance, 3. more resistance but mouth 
opened, and 4. resistance required additional doses of propofol 
for LMA insertion. Grades 1 and 2 were considered successful, 
while grades 3 and 4 were defined as failure of LMA insertion. 

3. MAP, heart rate (HR), SpO2, PET CO2, and BIS values were 
recorded before anesthesia (T0), after dexmedetomidine infusion 
(T1), when the plasma concentration and effect-site 
concentration of propofol reached a balance at the set level (T2), 
and 1 min after LMA insertion (T3).  

4. Induction time from the start of anesthesia until LMA insertion. 
5. Adverse effects: hypotension, bradycardia, and apnea. 

Hypotension was defined as mean arterial pressure <60 mmHg 
or a decrease of more than 30% from baseline values for 1 min. 
Bradycardia was defined as having a HR below 50 beats/min or 

the HR decreased more than 30% from the baseline value for 1 
min. Apnea was defined as PET CO2 = 0 mmHg and RR = 0 
breaths/min for more than  1  min.  In  cases  of  apnea,  assisted  

 
 
 
 

ventilation was performed. Bradycardia was defined as a HR 
below 50 beats/min or the HR decreased by more than 30% from 
the baseline value for 1 min. In cases of bradycardia, 0.5 mg of 
atropine was administered. Hypotension was defined as a mean 
arterial pressure <60 mmHg. In cases of hypotension, 1–2 mg of 
dopamine was administered. 

 
Patient data were reported as the mean ± standard deviation (SD). 
Statistical analysis was performed using the SPSS package (SPSS 
12.0 for windows, SPSS Inc., Chicago, IL, USA). According to 
Dixon’s up-and-down method (Dixon and Massey, 1983), the study 
continued until six pairs of successful and failed LMA insertions 
occurred. The 50% target concentration (EC50) of propofol for LMA 

insertion was defined as the mean of the median cross-over dose. 
The data were also subjected to probit regression analysis using 
the 95% effective target concentration (EC95) and the 95% 
confidence interval (CI). A P-value less than 0.05 was used to 
define the level of statistical significance. 
 
 
RESULTS 
 
All the cases were performed in the First Hospital of Jilin 
University from October 2011 to January 2012. The 
patients’ ages ranged from 20 to 60 years old. They had 
an average height ± SD of 159.95 ± 3.69 cm and an 
average weight ± SD of 61.85 ± 8.54 kg. The average 
induction time, including the infusion time of dexmede-
tomidine and propofol, was 13.25 ± 0.68 min. The study 
was performed on 20 patients, and all patient data were 
included in the analysis. 

The laryngeal mask was inserted without difficulty in 12 
patients (60.0%), whereas insertion was difficult in 8 
cases (40%). During laryngeal mask insertion, SpO2 and 
PETCO2 values did not change significantly compared to 
before insertion. In addition, postoperative follow-up 
found that patients had no intraoperative awareness.  

The effect-site propofol concentration for successful 
LMA insertion in 50% of the patients with pre-injection of 
dexmedetomidine (EC50) was 2.351 μg/ml (1.737–2.6 
μg/ml), while the EC95 was 2.854 μg/ml (2.588–2.944 
μg/ml). Figure 1 shows the up-down diagram of the 
effect-site plasma concentration of propofol for all 
patients. Table 1 lists the changes in hemodynamic 
variables from the preoperative values after dexmedeto-
midine infusion, showing that the HR was significantly 
reduced after dexmedetomidine infusion. 
 

 

DISCUSSION 
 
The main finding in the present study was that pre-
injection of dexmedetomidine can reduce the target-
controlled plasma concentration of propofol required for 
LMA insertion. In addition, experimental application of a 
modified Dixon’s up-and-down method was applied as 
this procedure is applicable to small clinical samples and 
has been widely used for calculating the EC50 values of a 
variety of drugs (Lu et al., 2003; Yu et al., 2006. In order 
to determine the EC50, the modified Dixon's up-and-down 
method requires  more  than  six  inflection  points  (Dixon   
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Figure 1. Target-controlled concentration of propofol for sequential patients. ◆,Indicates 

successful laryngeal mask insertion; ■, indicates failed laryngeal mask placement. 
 
 

 
Table 1. Changes in hemodynamic variables at different observation times. 
 

Time HR (beats/min) P-value MAP (mmHg) P-value 

T0 80.15±14.57  94.22±14.09  
T1 65.45±9.37 0.001 93.41±13.46 0.865 
T2 66.10±8.43 0.818 85.91±12.53 0.080 
T3 64.8±7.38 0.725 86.76±14.75 0.267 

 

MAP and HR values were recorded before anesthesia (T0), after dexmedetomidine infusion (T1), 
when the plasma concentration and effect-site concentration of propofol reached a balance at the set 
level (T2), and 1 min after LMA insertion (T3). P values represent the comparison to T0 

 
 
 

and Massey, 1983). 
Dexmedetomidine is a highly selective α2 adrenergic 

receptor agonist. This drug was chosen because it can 
reduce the doses of opioids and sedatives (Li et al., 
2007), and it can inhibit the stress response to intubation. 
Another significant advantage of dexmedetomidine is that 
it keeps the wake-up status of sedated patients with 
almost no inhibitory effect on respiration (Khan et al., 
1999) The hemodynamic effects of dexmedetomidine 
depend on its dosage and injection speed (Li et al., 
2007). A rapid intravenous infusion loading dose of l.0 
μg/kg dexmedetomidine can cause short-term high blood 
pressure and a reflex decrease in HR. This reaction is 
more pronounced in a young, healthy population due to 
direct activation of α2 receptors in the vascular smooth 
muscle, leading to vasoconstriction (Pandharipande et 
al., 2006). Dexmedetomidine at an intravenous infusion 
loading dose of 1.0 μg/kg/10 min can attenuate a 
hypertensive reaction. After a subsequent continuous 
infusion phase, dexmedetomidine has a central anti-
sympathetic role and causes increased vagal activity, 
while blood pressure and HR can be moderately 
decreased (Triltsch et al., 2002).

 
Dexmedetomidine-

induced hypotension and bradycardia can be corrected 
by rehydration and by using drugs such as ephedrine and 
atropine. However, in the presence of hypovolemia or 
heart block, dexmedetomidine can cause serious 
consequences (Wang and Cheng, 2010). 

Propofol is a short-acting intravenous anesthetic, a 
perfect sedative with a short half-life, but its analgesic 
effect is weak. Increasing the dose causes dose-
dependent respiratory and circulatory suppression. It 
reduces the laryngeal responses and is widely used in 
laryngeal mask placement (Wysowski and Pollock, 2006). 
It has been reported that the ED50 of propofol was 2.99 
µg/ml (95% CI 2.85–3.12 µg/ml) for smooth laryngeal 
mask placement when the anesthetic contained 1.5 µg/kg 
fentanyl (Yu et al., 2006). Clinical trials have shown that 
propofol alone (2.5–3 mg/kg) cannot meet the throat 
mask airway placement conditions; therefore, anesthesia 
is often combined with opioids (Park et al., 2007).

 

Anesthesia induction with propofol alone requires higher 
doses with consequent fluctuations in hemodynamics and 
respiratory depression. 

 

In this study, infusion of dexmedetomidine at 1.0 
μg/kg/10  min   before   propofol  induction  of  anesthesia  
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could reduce the effect-site concentration of propofol, 
reduce the amount used, and in turn reduce the cardio-
vascular responses. Dexmedetomidine also maintains 
normal breathing; therefore, small doses of 
dexmedetomidine can be used as an adjuvant in general 
anesthesia, especially during induction and difficult 
airway insertion to maintain the awake status and 
spontaneous breathing while patients are sedated. 

In conclusion, dexmedetomidine combined with target-
controlled infusion of propofol can be used for LMA 
placement, with few adverse reactions. In addition, 
dexmedetomidine sedation can effectively reduce the 
target-controlled plasma concentration of propofol. 
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Previous studies have indicated that Notch-1 activity plays an essential role in prostate tumorigenesis. 
However, its underlying mechanism is not yet clear. In this study, Curcumin, a drug widely used in 
Ayurvedic medicine for its antimalarial and anti-inflammatory properties, was used to investigate its 
impact on cell survival, migration and Notch signaling status in prostate cancer cell lines. Our data 
show that Curcumin treatment significantly suppressed the proliferation and migration of prostate 
cancer cell lines DU145 and PC3 in a dose- and time-dependent manner. Two migration-related genes, 
MT1-MMP and its target-molecule MMP2, were downregulated by Curcumin. There was no significant 
change of Notch-1 and its cleaved product NICD levels after Curcumin treatment. Furthermore, our 
chromatin immunoprecipitation assay (ChIP) revealed a remarkable decrease of NICD binding to Hes-1 
promoter. Altogether, our results suggest an anti-tumor action of Curcumin in prostate cancer that 
might be through suppression of the Notch-1 transactivity. 
 
Key words: Prostate cancer, Curcumin, Notch. 

 
 
INTRODUCTION 
 
Prostate cancer remains the second leading cause of 
cancer-related death among men in the world (Carlsson 
et al., 2012). The high mortality of this life-threatening 
disease results from a bundle of factors, such as late 
diagnosis, high metastatic potential and lack of effective 
therapies available, etc. These disappointing facts call for 
cancer researchers to pay much more attention to 
prostate cancer. Recent molecular and cellular in vivo 
and in vitro studies have indicated that the activation and 
deactivating of multiple cellular signaling pathways might 
be involved in the development and progression of 
prostate cancer (Mellado et al., 2009; Sarker et al., 2009; 
Yang and Dou, 2010). Among all the possible pathways 
that might be associated with prostate cancer develop-

ment, Notch pathway is increasingly gaining attention in 
recent years. Notch signaling pathway is an evolutionarily 
conserved signaling system essential for embryonic 
development in metazoan (Dang, 2012). In eukaryotic 
cells, Notch family consists of four Notch receptors 
(Notch14), three Deltalike ligands (Dll1, Dll3, and Dll4), 
and two ligands of the Jagged family (Jag1 and Jag2) 
(Allenspach et al., 2002; Wang et al., 2009). Notch 
signaling is initiated by the interaction of its ligands and 
receptors, resulting in subsequent proteolytic digestion of 
Notch receptor by two enzymes. The first cleavage is 
conducted by an extracellular matrix metalloprotease, 
followed by second cleavage mediated by the 
transmembrane protease complex γ-secretase,  releasing
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the Notch intracellular domain (NICD) (Miele et al., 2006). 
The released NICD can translocate into the nucleus 
where it, interacting with the CSL family of transcription 
factors (CBF-1/RBP-Jk, Su (h) and LAG-1), regulates its 
target genes, such as Hes-1and Hey-1, which are 
involved in cell survival regulation. Several lines of 
evidence showed that suppression of Notch-1 activation 
contributed to cancer cell growth inhibition and apoptosis 
onset. More recent data indicated that Notch-1 signal 
might regulate prostate cell proliferation by targeting Hes-
1(Beatus et al., 2001; Zhang et al., 2009).  

Curcumin, a yellow pigment from Curcuma longa, is a 
widely-used spice in Southeast Asian and Middle Eastern 
cuisine (Ravindran et al., 2009). Several biochemical and 
functional studies have indicated that Curcumin 
possesses a potent anti-cancer activity in many types of 
cancer (Shishodia et al., 2007), especially in prostate 
cancer (Kurien and Scofield, 2009; Teiten et al., 2010). 
Since Notch signaling pathway is one of the most essen-
tial pathways implicated in prostate cancer development, 
in this study, our aim is to elucidate if Notch signalling is 
involved in Curcumin’s anti-cancer activity in prostate 
cancer cell. 
 
 
MATERIALS AND METHODS  
 
Reagents and kits 

 
All primary antibodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz, USA). BCA protein quantitation kit was 
purchased from Pierce Company, USA. SYBR® Premix Ex Taq™ II 
(Perfect Real Time) was purchased from Takara (Dalian, China). 
Curcumin, purchased from Calbiochem (La Jolla, CA), was 
dissolved in DMSO and stored at -20°C.  
 
 

Cell culture  
 

The DU145 and PC3 cells, two prostate cancer cell lines, were 
purchased from American Type Culture Collection (Rockville, MD, 
USA) and were cultured in complete medium (RPMI-1640 medium 
supplemented with 10% FBS, streptomycin 100 mg/ml and penicillin 
100 U/ml) at 37°C in 5% CO2 humidified incubator. 
 
 
MTT assay  

 
Cells were seeded with 100 μl of complete medium in 96-well plate 
(5×10

3
 cells per well). Different doses of Curcumin were added to 

each well for indicated times. After 48 h of Curcumin treatment, 
MTT reagent (5 mg/ml) was added to each well, and incubated for 4 
h at 37°C. The formazan crystals were solubilized by the addition of 
100 μl of DMSO. The optical density (OD) at 570 nm was measured 
and cell viability was determined by the following formula. Cell 
viability (%) = (OD of the treated wells - OD of the blank control 
wells) / (OD of the negative control wells - OD of the blank control 
wells) ×100%. All MTT experiments were performed in triplicate and 
repeated at least three times.  

 
 
Wound healing assay  

 
Cells were plated into 6-well plates  and  grown  to  full  confluence. 

 
 
 
 
The cell monolayer was artificially wounded using a 200-μl pipette 
tip. Cell debris was removed by washing with PBS. After treatment 
of Curcumin for indicated times, wound closure was photographed 
with an inverted microscopy equipped with a digital camera. The 
wound healing extent was defined as the ratio of the difference 
between the original and the remaining wound areas compared with 
the original wound area. All experiments were performed in the 
presence of 10 μg/ml of mitomycin-C, a cell proliferation inhibitor. 
 
 
Western blot 

 
The Curcumin-treated and untreated cells were lysed in modified 

RIPA buffer (50 mM Tris (pH 7.4), 150 mM NaCl, 1% Triton X-100, 
0.1% SDS, 1% sodium deoxycholate, 5 mM EDTA, 100 mM NaF, 
and 1 mM Na3VO4) containing protease inhibitor cocktail. Cell 
lysates were spun at 12000 rpm for 30 min to collect supernatant. 
Protein concentration was determined by the BCA kit. Total proteins 
were separated by SDS-PAGE and transferred to PVDF membrane. 
After blockage in 5% nonfat milk, blots were incubated overnight at 
4°C with primary antibodies. After washing by PBST (PBS-Tween), 
the blots were incubated for 1 h with horseradish peroxidase (HRP) 

conjugated secondary antibody. After washing in PBST, blots were 
visualized using enhanced chemiluminescence (ECL, Pierce, USA), 
followed by exposure to Fujifilm LAS3000 Imager (Fuji, Japan). The 
band densities on the blots were normalized relative to the relevant 
β-actin band density with Quantity One software (Bio-Rad, USA).  
 
 
ChIP assay 
 

After treatment of Curcumin for the indicated times, cells were fixed 
with 1% formaldehyde and nuclei were isolated. After sonication, 
soluble chromatin DNA was precleared with protein A beads slurry 
and salmon sperm DNA. Precleared chromatin was immuno-
precipitated overnight with 2 μg of antibody for Notch-1 and normal 
rabbit IgG which serves as negative control. After extensive 
washing, de-crosslinking and purification, routine PCR was 
performed to detect the target Hes-1 promoter by using the 

following primer pair: Forward, 5’-CTGAAAGTTACTGTGGG-3’; 
reverse, 5’-TGAGCAAGTGCTGAGGG-3’. β-actin (forward 5’-
CTGGAACGGTGAAGGTGACA -3’; reverse, 5’-
AAGGGACTTCCTGTAACAATGCA-3’) was used as a loading 
control. qPCR was also performed to make quantitative analysis. 
The ChIP qPCR signals of Curcumin treatment are subtracted by 
the IgG signals. The IgG-normalized ChIP data was presented as 
percentage of control (0h), which was arbitrarily set as 100%. 

 
 
Statistical analysis 

 
Results in this study were expressed as mean ± standard deviation 
(SD). Student’s t-test was used for statistical analysis with SPSS 
16.0. Differences with P < 0.05 were considered statistically 
significant.  

 
 
RESULTS  
 
Curcumin decreased cell viability in prostate cancer 
cell lines  
 
First, we determined the influence of Curcumin treatment 
on cell survival. DU145 and PC3 cells were treated with 
increasing concentration of Curcumin for the indicated 
time,   and   MTT  assay  was  performed to examine  cell  
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viability. As shown in Figure 1A, the viability of both 
DU145 and PC3 cells was significantly inhibited in a 
dose-dependent manner. Significantly inhibitory effect 
was noted between the doses of 10 μM and 50 μM 
(p<0.01). Also, we observed cell viability after treatment 
of 25 μM of Curcumin for increasing hours. The result 
was shown in Figure 1B. Obviously, Curcumin decreased 
cell viability in a time-dependent manner. After 48 h 
Curcumin treatment, both PC3 and DU145 cells expe-
rienced a maximal cell viability loss (~50%) (P<0.05). 
 
 
The migration of prostate cancer cell lines was 
inhibited by Curcumin treatment 
 
Next, we assessed the impact of Curcumin treatment on 
cell migration. We performed a classical cell wound 
healing assay to determine the cell migration ability. To 
exclude the impact of cell proliferation, mitomycin-C was 
included in this assay as described in materials and 
methods. As shown in Figure 2, Curcumin dramatically 
suppressed DU145 cell mobility compared to control 
treatment, with a statistically significant difference 
(P<0.05).  
 
 
Curcumin downregulated the expression of MT1-MMP 
and MMP2, but not of NICD 
 
To test whether Curcumin could affect the expression of 
Notch-1 and its cleaved form, Notch-1 intercellular 
domain (NICD), we used western blotting to detect their 
levels in DU145 cells upon Curcumin treatment. Our 
study revealed that different concentrations of Curcumin 
(10 or 50 μM) resulted in no obvious changes of Notch-1 
and NICD levels (Figure 3). Since the above results 
(Figure 2) showed a migration-inhibitory effect of 
Curcumin, we also determined two migration-related 
genes expression levels. As shown in Figure 3, MT1-
MMP and MMP2 levels were both decreased after 
Curcumin treatment (Figure 3).These results suggested 
that Curcumin could down-regulate the expression of 
MT1-MMP and MMP2 without affecting Notch-1 and 
NICD levels. 
 
 
Curcumin suppressed the binding of NICD to Hes-1 
promoter 
 
The above results indicated that the downregulation of 
Notch pathway target genes induced by Curcumin might 
be duo to the changes of the quality, but not of the 
quantity of Notch-1. So, we further examined the 
transactivating ability of NICD upon Curcumin treatment. 
To this end, chromatin immunoprecipitation assay was 
conducted to detect the NICD binding to the promoter of 
Hes-1, one of its target genes. As shown in Figure 4A, in  
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control treated cells, we using PCR obtained a strong 
amplicon. In sharp contrast, the amplicon from Curcumin-
treated cells showed a fainter amplifying signal, indicating 
a decreased binding activity of NICD. To better show the 
changes in NICD binding to Hes-1 promoter, we also 
performed qPCR. After 10 or 50 μM Curcumin treatment, 
NCID binding to Hes-1 promoter was decreased to 53.8 
and 14.5% respectively (Figure 4B). 
 
 
DISCUSSION 
 
Curcumin has gained much attention in cancer research 
field during the last decade. Curcumin has been 
demonstrated to inhibit almost many types of cancer cell, 
such as head and neck carcinoma (Wilken et al., 2011), 
colon cancer (Patel et al., 2010) and leukemia (Kelkel et 
al., 2010). Recently, some researchers reported an anti-
neoplastic activity of Curcumin in prostate cancer (Hilchie 
et al., 2010; Piantino et al., 2009; Teiten et al., 2010). 
Hilchie et al. (2010) found that Curcumin treatment 
caused a significant PC3 cell death by inducing apoptosis 
in a dose and time dependent manner. In the present 
study, we also found that Curcumin can decrease cell 
survival of PC3 and another prostate cancer cell line 
DU145. This effect also depended upon dose and 
duration of treatment. Another study using DU145 as 
experiment model also obtained a similar conclusion that 
Curcumin can strongly suppress cell survival 
(Mukhopadhyay et al., 2001). Therefore, in combination 
with all these previous findings, our results support an 
anti-cancer bioactivity of Curcumin in prostate cancer.  

In this study, Curcumin suppressed not only cell 
survival but also cell migration. As we know, increased 
cell migration is another characteristic of tumor cells. 
Therefore, curbing tumor cell migration is regarded as a 
tumor therapeutic target. A recent biochemical study 
showed that Curcumin bears a strong migration-
suppressing activity in lung cancer cells (Yang et al., 
2012). Another study using microglial cells as model also 
gained a parallel conclusion that Curcumin is a negative 
cell migration regulator in tumor cells (Karlstetter et al., 
2011). These findings agree well with our results in 
prostate cancer cells. Furthermore, we also attempted to 
interpret its underlying mechanism and found MT1-MMP 
and MMP2 might be the molecular target of Curcumin, 
because these two important migration-relating genes 
can be downregulated by Curcumin.    

To date, multiple signaling pathways have been 
proposed to be implicated in the negative regulation of 
cancer cell by Curcumin. Indeed, a diverse range of 
factors have been verified to a molecular target of 
Curcumin. Curcumin can activate caspases to induce cell 
apoptosis (Park and Lee, 2007; Tan et al., 2006). 
Curcumin also can induced cell apoptosis by suppressing 
the expression of negative apoptosis regulators, such as 
Bcl-2, Bcl-xL, surviving, or by upregulating  protein  levels  
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Figure 1. The impact of curcumin treatment on cell survival. (A) PC3 and 

DU145 cells were treated with increasing doses of curcumin for 48 h and MTT 
assay was performed to examine cell viability. Data from three independent 
experiments were statistically analyzed and plotted as Mean ± SD. * denotes P 
< 0.05. (B) PC3 and DU145 cells were treated with 25 µM of curcumin for 

increasing hours and MTT assay was performed to examine cell viability. Data 
from three independent experiments were statistically analyzed and plotted as 
mean ± SD. * denotes P < 0.05. 

 
 
 

of positive apoptosis regulators, such as Bax, Bim, PUMA 
(Ravindran et al., 2009). Curcumin also can induce tumor 
cell apoptosis in a p53/p21-denpendent manner (Liu et 
al., 2007; Srivastava et al., 2007). Here, our results 
indicated another important cellular pathway, Notch path-
way, might be involved in Curcumin’s anti-proliferative 
process, because NICD’s transactivating activity was 

dramatically suppressed by Curcumin. Of note, Curcumin 
cannot disturb NICD level or total Notch-1 level, 
suggesting Curcumin can only affect Notch pathway 
activity, but not its constitution. Altogether, the present 
study demonstrates a suppressing role of Curcumin in 
prostate cancer cells. It can inhibit cell proliferation and 
migration.   The  involving  mechanism  might  be  duo  to

 

 

 

 

(a) 

(b) 
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Figure 2. The effect of curcumin treatment on cell migration. Cell 

wound healing assay was performed to assess the DU145cell mobility 
after treatment of 25 μM of curcumin or DMSO (as control) for 24 h. 
Data from three independent experiments were statistically analyzed 
and plotted as Mean ± SD. * denotes P < 0.05. 

 
 

 

 
 
Figure 3. The protein levels of MT1-MMP, MMP2, Notch-1 and NICD 

after Curcumin treatment. DU145 cells were incubated with 10 μM or 
50 μM of Curcumin for 24 h and western blot was performed to 
detect the protein levels of MT1-MMP, MMP2, Notch-1 and NICD. β-
actin served as a loading control. 
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Figure 4. The transactivating ability of NICD after curcumin 
treatment. DU145 cells were treated with 10 μM or 50 μM of 
curcumin for 24 h and chromatin immunoprecipitation assay was 
performed to detect the binding of NICD to Hes-1 gene promoter. 
(A) PCR was conducted to detect the Hes-1 promoter segments 
immunoprecipitated by NICD. (B) qPCR was performed to 
quantitatively determine the abundance of Hes-1 promoter 
segments immunoprecipitated by NICD, which represents the NCID 
binding activity to Hes-1. Data from three independent experiments 
was statistically analyzed and plotted as Mean ± SD. * denotes P < 
0.05. 
 
 
 

activity loss of Notch signalling. Future study should 
emphasize the more detailed molecular mechanism 
underlying this phenomenon. 
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Melatonin is a hormone with antioxidant properties. In the body, melatonin is involved in regulation of 
circadian biological rhythm. However, receptors for melatonin are expressed on disparate organs and 
they can be found on immune cells as well. The present experiment is focused on research whether 
melatonin would regulate pathogenesis caused by a model intracellular pathogen, Francisella 
tularensis. For this reason, laboratory mice BALB/c were chosen as a suitable model and they were 
infected with F. tularensis. Melatonin was given in two doses: 10 and 100 µg/kg. Animals were sacrificed 
after either three or five days. Spleen and liver were sampled for bacterial burden. Interferon gamma 
(IFN-γ), interleukin 2 (IL-2) and total immunoglobulins were assayed from plasma samples. The results 
showed administration of melatonin reduced bacterial burden in the organs in a dose response manner. 
Surprisingly, IFN-γ and IL-2 levels were reduced as well, while immunoglobulins remained unchanged. 
We conclude our experiment that melatonin is potent to reduce tularemia progression.  
 
Key words: Melatonin, Francisella tularensis, tularemia, interferon gamma, interleukin 2, oxidative stress, 
pineal gland, inflammation. 

 
 
INTRODUCTION 
 
Melatonin (N-acetyl-5methoxytryptamine) is a compound 
created in the body from amino acid tryptophan 
(Natarajan et al., 2012). In the body of vertebrates, it 
comes from pineal gland and it is released to blood 
system in order to regulate circadian biological rhythms 
(Hasan et al., 2012). Namely, melatonin is involved in 
sleep regulation in both humans and animals (Hur et al., 
2012). It also regulates seasonal body weight and sexual 
activities of some animals (Barrett and Bolborea, 2012) 
and vocal signatures in birds (Deregnaucourt et al., 
2012). Action of melatonin is mediated through G protein 
coupled melatonin receptors MT1, MT2, and MT3 
expressed in disparate organs including brain, cardio-
vascular system, liver, intestine, kidney, and immune 
cells (Ekmekcioglu, 2006). Effect of melatonin is not well 
understood and it is believed that melatonin can 
modulate different pathological processes; however, it 

needs some more experiments to resolve the issue 
(Pohanka, 2011).  

Melatonin was reported to be able to modulate immune 
system as stated by many researchers (Carrillo-Vico et 
al., 2013). Unfortunately, the findings are quite scarce 
and the results from the reported experiments are quite 
different in their conclusions. In an animal model, 
melatonin acting via MT1 was revealed to be responsible 
for release of interleuikin-2 (IL-2) and MT2 was excluded 
from the action (Ahmad et al., 2012). Cardinali et al. 
(2008) stated that melatonin stimulates production of 
natural killer cells and CD4+ cells and down regulates 
CD8+ cells. In another experiment, melatonin was shown 
to shift the balance between Th-1 and Th-2 lymphocytes 
to Th-1 (Srinivasan et al., 2008). On the other hand, 
another study indicated that melatonin can suppress 
immunity response previously stimulated with 
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lipopolysaccharide (Ban et al., 2011). In the study, 
suppressive effect of melatonin was proved on macro-
phages. The cells had reduced expression of genes 
involved in regulation of immunity when compared to the 
controls. Wu et al. (2011) investigated effect of melatonin 
on microglia. They reported anti-inflammatory effect of 
melatonin and protection of hippocampus from Klebsiella 
pneumoniae induced pathology. Beside regulation of the 
immune response, melatonin can modulate immune 
system by inhibition of enzymes involved in killing of 
pathogens such as myeloperoxidase and NO synthase 
including the inducible isoform (Galijasevic et al., 2008; 
Koh, 2008). Beneficial effects of antioxidants including 
melatonin in infectious diseases are extensively 
researched and we can found opinions that melatonin is 
a promising compound suitable for a nonspecific therapy 
(Fares, 2013; Olegario et al., 2013; Poplawski et al., 
2013). 

In the present experiment, we focused our effort on 
research of possible immune response modulation by 
melatonin in tularemia infected mice. The disease is 
caused by Francisella tularensis, an intracellular 
pathogen being able to survive in and escape from 
macrophages (Mahawar et al., 2012). Both innate and 
adaptive immunity are necessary for resolving of 
tularemia. Beside innate immunity, interferon gamma 
(IFN-γ) is necessary for resolving of the disease and 
activation of the captured bacteria killing (Casbon et al., 
2012). We chose a tularemia infected mice model for the 
test of melatonin effect. The primary intention of the 
experiment is to answer whether melatonin can improve 
or make worse the disease.  
 
 
MATERIALS AND METHODS 

 
Bacterium  
 
Live vaccine strain of F. tularensis (American Type Culture 
Collection 29684) was used throughout. The vaccine strain is fully 
virulent for rodents (Conlan, 2011). The bacterium was cultivated on 
McLeod agar supplemented with bovine hemoglobin (Sigma-

Aldrich, St. Louis, MO, USA) and IsoVitalexX (Becton-Dickinson, 
San Jose, CA, USA). The cultivation was carried out at 37°C for 
one day. After the cultivation, the cells were harvested using a 
disposable scraper, re-suspended in saline solution, and re-
harvested by centrifugation at 2,000×g for 10 min. Finally, the cells 
were re-suspended in saline in order to be used in the in vivo 
experiments. Concentration of the cells in the suspension was 
estimated by calibrated turbidimetric assay and exact concentration 

2.77×10
6
 CFU/ml of viable cells in the suspension was confirmed by 

cultivation test one day later. 
 
 
Laboratory animals 
 
Laboratory female mice BALB/c (Velaz, Unetice, Czech Republic) 
were chosen for the experiment purposes. The mice are an 
accepted model for tularemia and results from the experiment can 
be easily extrapolated to previous findings (Shen et al., 2010). In 
the experiment beginning, the mice weighed 21±1 g at eight weeks 
old. The animals were kept in an air conditioned  room  with  tempe-  

 
 
 
 
rature 22±2°C and humidity 50±10%. In the room, lighting lasted 12 
h per day. The animals had free access to food and water. The 
experiment was approved and supervised by the ethical committee 
at Centre of Biological Defense in Techonin (Czech Republic). 

The animals were divided into eight groups of 12 specimens. For 

the experimental purposes, melatonin in analytical purity was 
obtained from Sigma-Aldrich and solved in saline with 10 % (v/v) 
ethanol. Animals in the individual groups received subcutaneous 
(neck skinfold) application of solutions in compliance with the 
following overview: 
 
First group received 50 µl of saline with 10% (v/v) of ethanol first 
and second day of the experiment. The animals in the first group 

were sacrificed after five days. 
Second group received 50 µl of melatonin solution providing dose 
100 µg/kg. Melatonin was resolved in saline with 10% (v/v) ethanol. 
The doses were given the first and the same dose the second day 
after experiment beginning. The animals were sacrificed after five 
days.  
Third group received 100 µl of F. tularensis suspension and 50 µl of 
saline with 10% (v/v) of ethanol one hour later. The application of 
saline with ethanol was repeated the second day. The animals were 

sacrificed after three days.  
Fourth group received 100 µl of F. tularensis suspension and 50 µl 
of melatonin solution providing dose 10 µg/kg. Melatonin was 
solved in saline with 10% (v/v). Melatonin was applied one hour 
after the F. tularensis and then again after one day. The animals 
were sacrificed after three days.  
Fifth group received 100 µl of F. tularensis suspension and 50 µl of 
melatonin solution providing dose 100 µg/kg. Melatonin was solved 
in saline with 10% (v/v). Melatonin was applied one hour after the F. 

tularensis and then again after one day. The animals were 
sacrificed after three days.  
Sixth group received 100 µl of F. tularensis suspension and 50 µl of 
saline with 10% (v/v) of ethanol one hour later. The application of 
saline with ethanol was repeated the second day. The animals were 
sacrificed after five days.  
Seventh group received 100 µl of F. tularensis suspension and 50 
µl of melatonin solution providing dose 10 µg/kg. Melatonin was 
solved in saline with 10% (v/v). Melatonin was applied one hour 
after the F. tularensis and then again after one day. The animals 
were sacrificed after five days.  
Eight group received 100 µl of F. tularensis suspension and 50 µl of 
melatonin solution providing dose 100 µg/kg. Melatonin was solved 
in saline with 10% (v/v). Melatonin was applied one hour after the F. 

tularensis and then again after one day. The animals were 
sacrificed after five days.  
 

The sacrifice was performed by CO2 anesthesia. Blood was 
collected from hearth into tubes with lithium heparin (Dialab, 
Prague, Czech Republic). The freshly collected blood was 
centrifuged at 1,000×g for 5 min and plasma was separated. The 
plasma samples were kept at -80°C until ex vivo assay. Spleen and 
liver were sampled from the cadavers as well. The organs were 
used for bacterial burden assay immediately after the collection. 
 

 
Assay of selected markers 

 
IL-6 and IFN-γ were assayed using a commercial enzyme linked 
immuno sorbent assay (ELISA) kit from Abcam (Cambridge, MA, 
USA). The kits were processed in compliance with instructions 
using polystyrene 96-well microplates (Gama, Ceske Budejovice, 
Czech Republic) and a microplate reader Sunrise (Tecan, Salzburg, 
Austria). Total immunoglobulins were assayed by a direct ELISA 
using the aforementioned microplates and device. 20 µl/well of the 
serum sample and 180 µl/well of phosphate buffered saline were 
mixed and incubated at 37°C overnight. The wells were washed by 



 
 
 
 
phosphate buffered saline and free surface was blocked by 100 μl 
of 0.1 % (w/v) gelatin at 37°C for 1 h. 100 µl of anti-mouse immuno-
globulin (specificity to G, A, and M isotypes) polyclonal antibody 
labeled with horseradish peroxidase (Sigma-Aldrich) diluted 1:1000 
were injected per well and incubated at 37°C for 1 h. After that, the 

microplate was washed with phosphate buffered saline with addition 
of Tween 20 (Sigma-Aldrich). Fresh solution of 0.5 mg/ml o-
phenylenediamine and 5 mmol/l H2O2 was added for 1 min and 
reaction was stopped with 100 μl/well of 2 mol/l H2SO4. Optical 
density was measured at 490 nm. Wells with captured albumin (20 
µl; 5 mg/µl) were used for negative control purposes. Standard 
immunoglobulin from mouse was used for calibration purposes.   

The organ samples (spleen and liver) were mechanically 

homogenized immediately after collection. They were passed 
through nylon net with holes sized 1 mm

2
. The fresh homogenate 

was re-suspended into saline and injected over the McLeod Agar 
with composition and cultivation conditions as mentioned above.  
  
 
Statistical analysis 

 
The achieved data were processed in Origin 8 Pro (OriginLab 

Corporation, Northampton, MA, USA) software using one-way 
ANOVA test with Scheffe test. The both probability levels P<0.05 
and P<0.01 were calculated. 
 
 

RESULTS  
 

The first two (1
st
 and 2

nd
) groups treated with saline or 

melatonin only had no clinical manifestation. The last six 
groups of animals (3

rd
 – 8

th
) were infected with F. 

tularensis. No difference in clinical manifestation was 
observed for groups 3

rd
 -8

th
. The applied dose of F. 

tularensis was sub-lethal so no demission occurred 
during the experiment.  Full manifestation of the 
symptoms was seen three days after tularemia starting 
and remained up to the end of the experiment.  

Bacterial burden is depicted in Figure 1 for liver and 
Figure 2 for spleen. The organs were chosen because 
they are typically invaded by F. tularensis (Ellis et al., 
2002; Sharma et al., 2011). In the liver, melatonin caused 
dose dependent decrease of bacterial burden in the both 
time intervals 3 and 5 days after the experiment 
beginning. The decrease was significant on probability 
level 0.01. Effect of melatonin on bacterial presence in 
the spleen was milder when compared to the liver. The 
decrease in the spleen was significant (probability level 
0.05) three days after the experiment beginning. Five 
days after the experiment beginning, dose dependent but 
not significant decrease in the spleen was seen.  

Assay of antibodies provided no significant effect of 
melatonin on immune response (data not shown). 
Average content of total IgG, IgA and IgM was 8.3±2.5 
mg/ml. Melatonin alone did not cause change in the 
antibodies. Tularemia caused alteration in antibodies 
level around 20%. However, this alteration was insignifi-
cant. Plasmatic level of IL-6 is depicted in Figures 3 and 
4. All infected animals had significantly (P < 0.01) 
increased IL-6 when compared to the first two groups 
(controls and the exposed to melatonin). Melatonin alone 
had no effect on secretion of IL-6. In the  tularemia  infec- 
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ted animals, melatonin caused decline of IL-6 level three 
days after the infection started. The upper dose of 
melatonin provided significant (P < 0.05) decrease of IL-6 
three days after infection started. Effect of melatonin on 
IL-6 was in a dose dependent manner in the interval 
three days. However, melatonin had no plausible effect 
five days after infection started. When compared to the 
two intervals, it is obvious that inflammatory immune 
reaction damp out after the longer time.  

IFN-γ is the last marker described here. It is a cytokine 
necessary for resolving of a disease caused by an 
intracellular pathogen. In the F. tularensis invaded 
macrophages, it can interfere replication of the pathogen 
and thus suppress progression of the disease (Zhou et 
al., 2012). In the experiment reported here, we proved 
significant (P < 0.01) increase of IFN-γ in the tularemia 
infected animals incorporated into the 3

rd
 group, and in 

the infected animals in the 6
th
 – 8

th
 groups. Melatonin had 

no effect on IFN-γ five days after experiment beginning. 
However, tularemia infected animals which received 
melatonin had IFN-γ level not significant to controls. 
Three days after experiment beginning, the upper dose of 
melatonin caused significant (P < 0.05) decrease in IFN-γ 
level when compared to the infected animals that did not 
received melatonin.  
 
 
DISCUSSION 
 
The infected animals had typical symptoms of tularemia 
such as lethargy, and ruffled fur, as has been reported in 
previous studies (Hepburn and Simpson, 2008; Nigrovic 
and Wingerter, 2008).  Owing to the bacterial burden, the 
effect cannot be attributed to pertinent melatonin 
cytotoxic effect on the pathogen as the compound is 
harmless and there is no evidence that melatonin would 
kill either host or pathogen cells (Ono et al., 2012; Uguz 
et al., 2012; Wang et al., 2012). 

The level of antibodies corresponded to assumptions 
from experiments on humoral immunity in tularemia 
suffered animals (Koskela and Salminem 1985). When 
effect of melatonin on antibodies production is searched, 
ambiguous data can be found. Both decrease (Zhoul et 
al., 2010) and increase (Regodon et al., 2009) in course 
of melatonin can be found in plasma after challenge by 
an antigen. The findings about antibodies reported here 
neither confirm nor neglect the mentioned experiments. 

Intervention of melatonin in innate immunity is not 
surprising as attenuation of IL-6 secretion in course of 
melatonin was described by other researchers as well 
(Laliena et al., 2012; Lau et al., 2012; Wu et al., 2012). 
Effect of melatonin on inflammation is not probably 
privileged to IL-6 only as anti-inflammatory effect of 
melatonin on other inflammatory cytokines is reported in 
current literature (Wu et al., 2012). The effect is probably 
mediated via nuclear factor-kappa B and nuclear 
erythroid 2-related factor 2 (Negi et al., 2011). When 
searched literature, desperate knowledge about melatonin  
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Figure 1. F. tularensis LVS viable cells in the livers of mice BALB/c. Significance between 

the groups was tested for two probability levels P<0.05 (*) and P<0.01 (**).  
 

 
 

 
 
Figure 2. F. tularensis LVS viable cells in the spleens of mice BALB/c. Significance between the 

groups was tested for two probability levels P<0.05 (*) and P<0.01 (**). 
 
 
 

effect on IFN-γ level can be learned. While Oliveira et al. 
(2010) reported release of IFN-γ in course of melatonin in 
a Wistar rat model, Kim et al. (2012) revealed suppres-

sion of IFN-γ in a mice model three days after melatonin 
application (Kim et al., 2012).  

The findings reported here are  quite  surprising  as  the  
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Figure 3. IL-6 level in plasma. Significance between the groups was tested for two 

probability levels P<0.05 (*) and P<0.01 (**).  
 
 

 

 
 

Figure 4. IFN-γ level in plasma. Significance between the groups was tested for two 

probability levels P<0.05 (*) and P<0.01 (**).  
 

 
 

both IFN-γ, IL-6 and bacterial burden were reduced. It 
means that melatonin can reduce bacterial burden 
despite suppression of immunity. It is not easy to answer 
the described phenomenon. The cytokines could be 
decreased due to reduction of number of invading 
bacteria. However, we are not able to recognize what 
cause and consequence is. We can infer that the mela-

tonin effect could lay in another mechanism than 
immunity control. Some possible mechanisms can be 
revealed from literature. Melatonin can change level of 
intracellular calcium and cAMP. It regulates kinase 
activity and cell cycle in this way (Bagnaresi et al., 2012). 
Melatonin is also able to initiate expression of 
extracellular mitogen-activated protein kinase,  ERK,  and 
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signal transducer and activator of transcription STAT 3 
(Laliena et al., 2012). As a result of the melatonin action, 
alteration in apoptosis and basal metabolism can be 
expected (Boga et al., 2012; Pohanka, 2011). It is a 
question whether melatonin reduces bacterial burden and 
the here assessed markers IL-6 and IFN-γ are decreased 
consequently or two independent pathways can be 
recognized in the body. Aforementioned necessity of IFN-
γ for tularemia resolving neglect the idea that melatonin 
would intermediate its beneficial effect on the disease this 
way. However, more specific experiment on the 
melatonin effect on the bacteria should be done prior to 
give the final answer. 
 
 
Conclusions 
 
Melatonin is able to modulate tularemia disease. We 
assume that it acts through cell cycle regulation rather 
than direct effect on cytokines release. Though evidence 
of the pathways is not clear enough to provide simple 
conclusion, melatonin appears to be a perspective 
compound for pharmacological research on infectious 
disease treatment. We can conclude our experiment by 
statement that melatonin would ameliorate progression of 
tularemia probably by restriction of F. tularensis growth. 
However, research is needed to get more detailed 
knowledge about melatonin action.  
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The present study was carried out to compare the mutagenic effects of the synthetic fungicide nimrod 
and the natural fungicide rhizo-N (produced by the bacterium Bacillus subtilis) on mitosis of Allium 
cepa cells. This study also concerned with the changes in seed protein profile after treatment with both 
pesticides using sodium dodecyl sulfate poly-acrylamide gel electrophoresis (SDS-PAGE). Different 
concentrations for each fungicide were applied for 3, 6, 24, and 48 h. The obtained results indicate that 
the two fungicides caused reduction in mitotic activity and induced different types of mitotic 
abnormalities such as C-metaphase, laggard chromosomes, bridges, stickiness, and disturbed phases 
as well as micronuclei and multinucleate interphase cells. These changes appeared in varying degree 
depending on the duration of treatment and concentration applied. The results showed that the 
synthetic fungicide nimrod have more mutagenic potentialities than the natural fungicide. At 
electrophoretic level, these fungicides induced alterations in the protein banding patterns of A. cepa 
seeds as compared with untreated samples. 
 
Key words: Allium cepa, mitotic division, chrosomal abnormality, Bacillus subtilis, pesticides, sodium dodecyl 
sulfate poly-acrylamide gel electrophoresis (SDS-PAGE). 

 
 
INTRODUCTION 
 
Chemical pesticides are widely used in Egypt and other 
countries to minimize the loss of economic crops due to 
pest invading. Although, pesticides have been useful in 
pest control and plant disease, there is a considerable 
risk on human health (Ergonen et al., 2005). The conti-
nuous production and use of these pesticides led to many 
side effects including mutagenic and / or carcinogenic 
effects in plant, animals, and human (Gopalan, 1999). 
Evidences accumulated in the past two decades have 
indicated that a large number of chemical pesticides have 
mutagenic effects and are capable of inducing 
chromosomal aberration or DNA damage in cells of 
different organisms (Singh, 2007; Asya  et al., 2012; 
Mossa and Abbassy, 2012; Sibhghatulla et al., 2012). 
The danger of these pesticides is not necessary due to 

direct contact, since it was found that some of these 
pesticides may accumulate in the food to a toxic level and 
therefore could be dangerous on the public health 
(Ergonen et al., 2005). Santovito et al. (2012) reported 
that human lymphocytes treated in vitro with the fungicide 
thiran showed a clastogenic effect with respect to residue 
limits found in some fruits and vegetables in Italy. 

Man today is concerned very much with the pollution of 
his environment. Scientists began trying to use natural 
compounds to protect plants. Biological control agents 
are currently being used as alternatives to synthetic 
pesticides due to their perceived increased level of safety 
and minimal environmental impacts. Different species of 
plants, fungi, and bacteria are commercially applied as 
biological control agents against plant pathogen. The
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extract of bacterium Bacillus subtilis is used for the 
control of a range of seedling fungal pathogens including 
Fusarium spp., Pythium spp. and Rhizoctonia spp 
(Yoshihero et al., 2003). This bacterium is a common 
component of soil, being particularly abundant in the 
rhizosphere of germinating plants. This strain is selected 
for commercialization because of its effectiveness at 
controlling fungal infections.  

A number of bioassay test system have been developed 
to monitor the action of pesticides and other 
environmental hazards on living organisms. Higher plants 
provide valuable genetic assay systems for screening 
and monitoring of environmental pollutants (Grant and 
Owens, 2006; Pesnya and Romanovsky, 2013). Plant 
genotoxicity assays are relatively inexpensive, fast and 
give reliable results. Allium cepa test provides a useful 
tool to estimate the genetic risk derived from an 
integrated exposure to different chemicals (Mustafa and 
Arikan, 2008; Yuzbasioglu et al., 2009; Asita and 
Matebesi, 2010). Chemicals, which cause chromosomal 
aberration (CA) in plant cells, also produce CA in cultured 
animal cells that are frequently identical (Santovito et al., 
2012). 

The present study was planned to compare the 
mutagenic effect of the biological pesticide (rhizo-N) 
which contain the bacterium Bacillus subtilis with the 
synthetic fungicide (nimrod). There is no available 
published data about the cytotoxic effect of the biological 
pesticide (rhizo-N). This study aims to investigate the 
effect of both pesticides on cell division and their capacity 
to induce chromosomal abnormalities in root tips of A. 
cepa, in addition, their effect on seed protein 
electrophoretic profiles. 
 
 
MATERIALS AND METHODS 
 

Bulbs of A. cepa (Giza 6) were kindly supplied by the Agricultural 
Research Center, Ministry of Agriculture, and Giza, Egypt. Two 
pesticides were used in the present study. Both fungicides have 
been kindly supplied by the General Administration of Pesticides, 
Ministry of Agriculture, Egypt. The chemical structure of synthetic 
fungicide (nimrod) is 5-butyl-2-ethyl amino-6 methyl pyrimidin-4-
dimethylsulfamate and its molecular formula is C13H24N4O3S. The 
recommended dose is 7 cm

3
/L water. The biological fungicide rhizo-

N contains 30 million living bacterium cells of B. subtilis per gram. 
The recommended dose is 4 gm/L water. 
 
 

Cytological studies 
 

Young, healthy and uniformed A. cepa bulbs were allowed to 
germinate in tap water. When the roots reached 2-3 cm long, the 
bulbs were transferred to new bottles which contained the test 
substances. The roots were treated for 3, 6, 24 and 48 h for each 
fungicide. Three bulbs were taken for each treatment and 3 
meristematic roots were taken from each bulb (9 roots for each 
treatment). The root tips were then, fixed in Carnoy solution (3:1) 
absolute ethyl alcohol: acetic acid glacial for 24 h. Each series of 
experiments included a simultaneous control treated with tap water. 
After fixation, the roots were stored in 70% ethanol at 20-22°C until 
cytological analysis. Permanent preparations were made according  
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to Darlington and La-Cour (1976) using Feulgens quash technique. 
90 fields were completely analyzed microscopically for each 
concentration. The frequencies of the different mitotic phases and 
the mitotic abnormalities after each treatment were statistically 
analyzed using (t-test). 
 

 
 

Where, c, Control; t, treated. 

 

 
 
Where S, Standard deviation. 
 

 
 
Where, SE, Standard error. 

 
 
Protein banding patterns electrophoresis 
 
Total soluble proteins were extracted from M2 seeds of A. cepa 

treated with the pesticides under study. Characterization of protein 
profiles was carried out using one dimentional sodium 
dodecylesulphate-polyacrylamide gel electrophoresis (SDS-PAGE) 
as described by Laemmli, 1970. Run was performed in 12% 
acrylamide slab gel at 15 mA till the tracing bromophenol blue dye 
reached the gel bottom. Gels were stained with Comassie blue R-
250. The banding profile was analyzed. 
 

 
RESULTS  
 
Cytological studies 

 
Results obtained from the present study showed that, 
both pesticides examined induced change in the 
frequency of mitotic phases that is accompanied by a 
decrease in mitotic index (MI) and appearance of 
different mitotic abnormalities. In general, there is an 
inverse correlation between the frequency of prophase 
and that of metaphase (Table 1). The results indicated 
that all treatment with the synthetic fungicide nimrod 
induced marked reduction in mitotic activity. At long 
treatments for 48 h there was an obvious decrease in MI 
as compared with those treated for 3, 6 and 24 h. Such 
reduction was clearly dose and time dependent and 
showed statistical significant effect in roots treated with 
most concentrations (Table 1 and Figure 1A). On the 
other hand, the biological fungicide rhizo-N showed 
reduction in mitotic index in roots treated with different 
concentrations for 3, 6, 24 and 48 h as compared with the 
control. This reduction increased gradually with the 
increase of the concentrations applied; but there was no 
clear decrease  in  mitotic  index  values  with  increasing
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Table 1. Number and percentage of different mitotic phases and mitotic index after treatment Allium cepa roots with rhizo-N and nimrod fungicides. 

  

Time Conc 

Rhizo-N 

MI±SE (%) 

Nimrod 

MI±SE (%) Prophase Metaphase 
Anaphas 

Telophase 
Prophase Metaphase 

Anaphase 

Telophase 

Number % Number % Number % Number % Number % Number % 

3 

Cont. 163 49.70 95 28.96 70 21.34 4.67±0.50 310 58.38 129 24.29 92 17.33 3.89± 0.69 

0.312 96 41.20 87 37.34 50 21.46 3.30±0.15 261 54.15 115 23.86 106 21.99 2.48±0.69 

0.625 87 38.67 89 39.56 49 21.78 2.61±0.15 103 34.11 128 42.38 71 23.51 1.63±0.47 

1.25 63 28.90 96 44.04 59 27.06 2.46±0.12 24 15.29 79 50.32 54 34.39 1.60±0.20* 

2.50 42 20.00 102 48.57 66 31.43 2.33±0.03 12 9.09 77 58.33 43 32.58 1.30±0.39** 

                

6 

Cont. 163 47.66 109 31.87 70 20.46 4.02±0.30 251 53.29 115 24.41 105 22.29 3.15±0.70 

0.312 91 37.45 93 38.27 59 24.28 2.99±0.04 139 53.26 69 26.44 53 20.31 1.57±0.54 

0.625 79 34.50 99 43.23 51 22.27 2.43±0.01 86 35.98 104 43.51 49 20.50 1.29±0.50 

1.25 54 24.66 105 47.94 60 27.40 2.42±0.04 22 11.83 129 69.35 35 18.82 1.20±0.28* 

2.50 38 17.76 112 52.34 64 29.91 2.40±0.03 9 5.14 138 78.86 28 16.00 1.13±0.45** 

                

24 

Cont. 149 42.10 103 29.10 102 28.81 3.96±0.30 213 48.97 110 25.29 112 25.75 3.04±0.4 

0.312 82 32.67 113 45.00 56 22.31 2.98±0.08 65 44.83 47 32.41 33 22.76 1.51±0.17* 

0.625 60 25.42 121 51.27 55 23.31 2.42±0.04 29 22.66 72 56.25 27 21.09 1.23±0.22** 

1.25 49 20.16 137 56.38 57 23.46 2.48±0.04 12 9.76 84 68.29 27 21.95 1.06±0.08** 

2.50 32 13.33 149 62.08 59 24.58 2.49±0.06* 3 2.75 88 80.73 18 16.51 0.87±0.07** 

                

48 

Cont. 161 43.63 91 24.66 117 31.71 3.76±0.20 193 49.74 100 25.77 95 24.48 3.08±0.06 

0.312 78 30.12 115 44.40 66 25.48 2.89±0.08 36 27.27 65 49.24 31 23.48 1.39±0.12** 

0.625 48 19.75 136 55.97 59 24.28 2.39±0.03 11 9.57 79 68.69 25 21.74 1.10±0.04** 

1.25 41 17.37 139 58.90 56 23.73 2.32±0.04* 6 5.83 81 78.64 16 15.53 0.96±0.03** 

2.50 30 13.16 152 66.67 46 20.18 2.24±0.03** 2 1.98 92 91.09 7 6.93 0.85±0.06** 
 

*Significant from control at 0.05 level (t-test). **Significant from control at 0.01 level (t-test). Conc = concentration, Cont = control. 
 
 
 

time of treatment. The statistical analysis of the 
data reveals that all treatments for 3 and 6 h with 
the biocide rhizo-N had no significant effect on MI. 
Only, the highest concentrations applied for 24 
and 48 h and the concentration 1.25 gm/L applied 
for 48 h induced a significant or highly significant 
decrease in MI value (Table 1 and Figure 2A).  

This inhibition of mitotic index may be due to the 
interference of fungicides with normal process of 
division by reducing the number of the cell 
entering mitosis. In the roots treated for 48 h with 

the highest concentration of nimrod, the percen-
tage of prophase decreased to the extent that 
they recorded 1.98% as compared with the control 
value which was recorded 49.74 (Table 1). It can 
be concluded that the synthetic fungicide nimrod 
is more effective in inducing reduction in mitotic 
activity accompanied with high percentage of 
chromosomal abnormalities as compared with the 
natural fungicide rhizo –N (Tables 2 and 3 and 
Figures 1B and 2B). Treatment of root tips cells of 
A. cepa with the two fungicides produced different 

types of chromosomal abnormalities such as C-
metaphase, disturbed, laggard chromosomes, 
chromosome bridge, stickiness, micronuclei and 
multinucleate (Tables 2 and 3 and Figures 3 and 
4). The frequency of total abnormalities produced 
by nimrod increased as the concentration and the 
period of treatment was increased (Table 2). On 
the other hand, the percentages of total 
abnormalities produced by natural fungicide are 
slightly increased with the increasing concen-
tration and duration of  treatments  (Table 3).  The 
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Table 2. Frequency of micronuclei, abnormal mitotic phases and total abnormal mitosis after treatment Allium cepa roots with nimrod fungicide. 

 

Time Conc Micronuclei Prophase 
Metaphase Anaphase-telophase % of total 

abnormal. 
mitoses ± SE Stickiness C-M (2n) C-M (4n) Star Disturbed Laggards Total Stick Bridge Disturbed Multipolar Laggards Total 

3 

Cont. - -- -- -- -- -- -- -- -- -- -- 1.09 -- -- 1.09 0.18 ± 0.03 

0.312 0.16 0.77 -- 29.99 -- -- 11.74 -- 41.73 -- -- 22.50 1.61 7.02 31.13 17.22 ± 0.25* 

0.625 0.36 8.73 6.25 45.31 -- -- 11.72 -- 63.28 15.63 14.13 12.82 7.41 2.12 52.11 42.05± 0.21** 

1.25 - -- 37.85 26.7 -- 2.53 15.19 -- 82.27 23.32 20.37 11.86 5.56 -- 61.11 62.42± 0.43** 

2.50   74.04 5.19 -- 6.49  -- 92.21 45.58 17.21 4.65 2.33 -- 69.77 78.78± 0.36** 

 

                 

6 

Cont.  0.39 -- -- -- -- 1.73 -- 1.73 -- -- -- -- -- -- 0.64 ± 0.07 

0.312 0.36 2.15 -- 11.12 -- 2.90 18.90 6.21 39.13 -- 2.55 18.18 3.89 18.77 43.39 20.31± 0.39* 

0.625 0.4 8 2.32 5.77 26.35 -- 1.92 28.43 5.80 68.27 16.33 12.24 14.08 10.20 10.41 63.26 43.51±0.41** 

1.25 0.54 9.09 18.53 30.58 -- 5.43 19.38 2.82 76.74 38.57 20.00 14.29 11.45 4.26 88.57 70.96±0.11** 

2.50  22.22 53.62 13.05 -- 10.87 15.94 -- 93.48 46.43 46.43 -- 3.56 -- 96.42 90.29± 0.16** 

 

                 

24 

Cont.  0.46 -- -- -- -- 0.91 -- 0.91 -- -- -- -- -- -- 0.46± 0.02 

0.312 0. 49 3.08 2.32 22.94 3.32 8.77 27.80 2.94 68.09 3.11 3.11 23.04 8.34 19.97 57.57 36.55± 0.05** 

0.625 0.25 -- 24.89 21.11 -- 8.45 12.78 2.21 69.44 28.15 29.63 12.20 -- 7.80 77.78 55.47± 0.11** 

1.25 - -- 37.76 21.38 2.23 15.24 3.61 3.11 83.33 38.15 24.81 7.41 11.11 -- 81.48 74.80± 0.06** 

2.50 - -- 51.14 19.08 1.14 18.41 3.41 1.14 94.32 57.78 31.10 -- 5.56 -- 94.44 91.74± 0.07** 

 

                 

48 

Cont.  -- -- -- -- -- 2.00 -- 2.00 -- -- 2.10 -- -- 2.10 1.03 ± 0.03 

0.312 0.64 -- 1.15 22.23 0.54 13.25 20.57 2.26 60.00 -- 8.57 22.38 14.28 19.29 64.52 44.70± 0.19** 

0.625 0.36 -- 26.11 6.11 -- 11.39 18.99 3.22 65.82 42.00 34.00 10.00 4.00 6.00 96.00 66.09± 0.35** 

1.25 0.25 -- 34.57 11.11 3.70 19.76 11.11 -- 80.25 87.50 12.50 -- -- -- 100.0 78.64± 0.14** 

2.50 - -- 66.52 9.57 9.78 13.04 -- -- 98.91 90.00 10.00 -- -- -- 100.0 97.03± 0.07** 
 

*Significant from control at 0.05 level (t-test). **Significant from control at 0.01 level (t-test). 
 
 

 

scored values of abnormalities induced by the 
natural fungicide were generally low as compared 
with that of the chemical fungicide (Figures 1B 
and 2B). 
 
 
SDS-PAGE studies 
 
The SDS-PAGE protein profiles of M2 seeds of A.  
cepa plants treated with the nimrod and rizho-N 
fungicides are illustrated in Figure 5 and Table 4. 
The total number of the protein bands recorded 
was 18 bands. The protein patterns showed 
variations among the investigated samples includ-

ing the appearance of new bands, disappearance 
of some bands and changes in band intensity 
(Table 4). The synthetic fungicide nimrod induced 
5 new bands and 4 bands disappeared. The 
treatment with the natural fungicide rizho-N induc-
ed only 1 new band with molecular weight of KDa 
(Table 4 and Figure 5).  
  
 
DISCUSSION 
 
Many investigators attributed the inhibition of 
mitotic activity to blocking of mitotic cycle and 
accumulation of cells at G1 or G2 periods due to 

the inhibition of nuclear protein synthesis required 
for the progress of cell cycle (Polit et al., 2003; 
Cvikrova et al., 2003). Binarova et al. (1998) 
showed that treatment of Vicia faba root tip cells 
with specific inhibitors to cyclin - dependent 
kinases leads to abnormal spindle formation; 
arrest cells at the G1/S and G2/M regulatory 
points; decrease cyclin A and B levels as well as 
cdc2 kinase indicating the role of this enzyme. 
This view is in agreement with the result obtained 
from the present study since the two fungicides 
led to appearance of c-metaphase and disturbed 
mitotic phases produced from abnormal spindle 
formation in addition the  disappearance  of  some  
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Table 3. Frequency of micronuclei abnormal mitotic phases and total abnormal mitosis after treatment Allium cepa roots with rhizo-N fungicide. 

 

Time Conc Micronuclei Prophase% 

Metaphase % Anaphase - telophase% % of total 
abnormal 

mitoses ± SE 
Stickiness 

C-M  
(2n) 

C-M 
(4n) 

Star Disturbed Laggards total Stickiness Bridge Disturbed Multipolar Laggards Total 

3 

Cont.  -- -- -- -- -- 1.05 -- 1.05 -- -- 1.43 -- -- 1.43 0.61±0.60 
0.312 0.04 1.04 -- -- -- -- 3.40 1.20 4.60 -- -- 3.00 -- 1.00 4.00 3.00±1.02 

0.625 0.06 2.30 -- 2.24 -- -- 11.28 2.21 15.73 -- 2.04 3.04 -- 2.04 8.16 8.89±1.04 
1.25  1.59 1.04 12.08 -- -- 12.92 -- 26.04 8.48 5.08 3.39 1.04 -- 16.95 16.51±1.03 
2.50  2.38 19.61 4.90 -- -- 4.90 -- 29.41 15.15 4.55 3.03 -- -- 22.73 21.90±0.80 

 

                 

6 

Cont.  -- -- -- -- -- 0.92 -- 0.92 -- -- 1.43 -- -- 1.43 0.58±0.70 
0.312 0.06 2.20 -- -- -- -- 7.52 1.08 8.60 -- -- 1.69 -- 1.70 3.39 4.94±1.08 
0.625 0.08 3.80 2.02 2.02 -- 1.01 13.14 2.01 20.20 1.96 3.92 3.36 1.20 1.32 11.76 12.66±1.07 
1.25 0.07 1.85 9.53 7.70 2.76 -- 9.53 -- 29.52 11.22 6.67 -- 1.67 2.11 21.67 20.55±0.50 

2.50 - 2.63 30.14 3.79 -- -- -- -- 33.93 15.63 7.81 -- -- -- 23.44 25.23±0.50 

 

                 

24 

Cont.  0.67 -- -- -- -- 1.94 -- 1.94 -- -- 0.98 -- -- 0.98 1.13±0.60 
0.312 0.07 1.22 -- -- -- 1.77 16.34 2.24 20.35 -- -- 14.27 -- 5.37 19.64 13.94±0.40 

0.625 0.05 1.66 3.31 0.82 -- 2.48 28.11 4.12 38.84 5.46 1.82 18.18 1.82 3.63 30.91 27.54±0.90 
1.25 - 4.08 20.50 13.30 -- -- 14.38 -- 48.18 17.54 15.80 5.26 5.26 -- 43.86 38.27±1.04 
2.50 - 6.25 43.70 15.36 -- -- -- -- 59.06 25.43 23.73 1.69 3.39 -- 54.24 50.38±1.06* 

 

                 

48 

Cont. - 1.24 -- -- -- -- 3.29 -- 3.29 -- -- 0.85 -- -- 0.85 1.63±1.30 
0.312 - 2.56 -- 6.96 -- 3.47 20.00 -- 30.43 -- -- 25.75 -- 1.52 27.27 21.24±0.60 
0.625 0.08 -- 7.35 8.09 -- 4.22 26.66 -- 46.32 10.22 10.17 10.13 1.69 1.69 33.90 34.16±0.60 
1.25 0.06 -- 24.46 10.07 3.60 5.04 20.14 -- 63.31 20.23 14.28 4.23 5.36 2.32 46.42 48.31±0.80* 

2.50 0.05 6.67 38.04 17.89 7.89 -- -- -- 63.82 47.83 28.26 -- -- -- 76.09 58.77±0.70** 

 
 
 
protein bands in SDS-PAGE profile. These results 
indicate the potentiality of the investigated 
fungicides to induce mitotic irregularities, which 
are in agreement with the results of many 
investigators studying the genotoxic effect of 
different pesticides or other agents (Asita and 
Makhalemele, 2009; Asita and  Matebesi, 2010; 
Asya et al., 2012; Sibhghatulla et al, 2012; Sarah 
et al ., 2013). The inhibition of mitotic division may 
be also attributed to induction of large number of 
mitotic abnormalities. Mendhulkar (1993) attribut-
ed plant inhibition to disturbance in natural growth 
regulators and mitotic chromosomal irregularities 
as additional factors. 

The most common type of aberration observed 
after treatments with the two pesticides nimrod 

and rhizo-N was C-metaphase. Such type of 
abnormalities causes inhibition of spindle fiber 
formation by their action on microtubules, which 
play the major role in the formation of spindle 
fibers. On the other hand, the induction of dis-
turbed mitotic configurations by these fungicides 
may be due to partial inhibition on spindle fiber 
that affects the orientation of these chromosomes 
at the equatorial plate. Lagging chromosomes 
appeared at metaphase, anaphase, and telo-
phase stages. The induction of laggard could be 
attributed to disturbance in the mechanism of 
chromosomes movement. 

Induction of chromosomal and chromatin 
bridges at anaphase and telophase stages were 
also observed. Bridges may be result from chro-

mosome stickiness or from breakage followed by 
reunion. In the present investigation, occurrence 
of bridges may be due to stickiness rather than 
chromosome breakage and reunion. Stickiness 
appeared in different mitotic phases after 
treatment roots with higher concentrations of both 
fungicides. Such stickiness led to the appearance 
of chromatin masses where the general 
appearance of chromosomes is lost. Micronuclei 
and multinucleated cells were observed in the 
interphase cells. Micronuclei are true mutagenic 
aspects, which may lead to a loss of genetic 
material (Fernandes et al., 2007). The formation 
of multinucleated cells may be result from a 
preceding multipolar mitosis. Several investigators 
studying   the   effect   of   different   pesticides  or  
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Table 4. Effects of the fungicide nimrod and the natural fungicide rhizo-N on the protein banding pattern of Allium cepa seeds using 
SDS – PAGE technique. 
 

Band 
No. 

M.wt 

(KDa) 
Control 

Rhizo-N Nimrod 

Lane 1 Lane 2 Lane 3 Lane 4 Lane 1 Lane 2 Lane 3 Lane 4 

1 72 - + + + + - - - - 

2 68 + + + + + + + + + 

3 64 + + + + + + + + + 

4 52 - - - - - + + + + 

5 49 ++ ++ ++ ++ ++ - - - - 

6 48 ++ ++ ++ ++ ++ ++ ++ ++ ++ 

7 44 + + + + + ++ ++ ++ ++ 

8 42 + + + + + + + + + 

9 40 - - - - - + + + + 

10 35 ++ ++ ++ ++ ++ + + + + 

11 34 + + + + + - - - - 

12 33 ++ ++ ++ ++ ++ ++ ++ ++ ++ 

13 32 + + + + + - - - - 

14 30 + + + + + + + + + 

15 29 + + + + + + + + - 

16 20 - - - - - + + + + 

17 12 - - - - - + + + - 

18 10 - - - - - + + + - 

Total  12 12 12 12 12 14 14 14 11 
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Figure 1. Mitotic index  (A) and mean percentage of abnormal mitosis (B)  after treating Allium cepa root tips with different 

concentrations of nimrod  fungicide for 3, 6, 24, 84 h 
 

 
 

chemicals obtained similar types of mitotic abnormalities 
(Tartar et al., 2006; Lamsal, et al., 2010; Niraikulam et al., 
2013; Ozlem et al ., 2013; Sarah et al., 2013). 

The appearance of new bands may be due to muta-
tional events at the regulatory system of an unexpressed 
gene(s) that activate it. The disappearance of some 
bands could be explained on the basis of mutational 
event at the regulatory genes that prevent transcription. 
Induction of laggards, micronuclei by these pesticides 
may lead to the loss of genetic materials. Therefore, 
some electrophoretic bands were disappeared due to the 

loss of their corresponding genes. Similar results were 
obtained by Prasad and Zha (1992) and George and 
Ghareeb (2001). 
 
 
Conclusion 
 
A drastic inhibition in mitotic division was clearly 
observed in A. cepa root tips treated with the chemical 
fungicides nimrod; such reduction increased as the 
concentrations and the duration of treatments  increased.   
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Figure 2. Mitotic index  (A) and mean percentage of abnormal mitosis (B)  after treating Allium cepa root tips with different 
concentrations of rhizo-N  fungicide for 3, 6, 24, 84 h. 
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Figure 3. Some types of chromosomal abnormalities after treating A. cepa root tips 

with different concentrations of nimrod. a, b and c,  C-Metaphase; d, sticky 

metaphase;   e and f, disturbed metaphase; g and h, star metaphase;  i and j, tripolar 
and multipolar anaphase; k and l, telophase bridge.                                                                                                                                                                       
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Figure 4. Some types of chromosomal abnormalities after treating Allium cepa root tips with 

different concentrations of natural fungicide rhizo-N. a, Stickiness; b, c and d, disturbed 
metaphase; e and f, C-metaphase; g, disturbed metaphase with lagging chromosome; h, 
disturbed anaphase; l, disturbed anaphase with bridge. 

 
 

 

The natural fungicide rhizo-N induced reduction in mitotic 
activity with the increase of concentrations, but there is 
no clear increase in reduction of mitotic index percentage 
as duration of treatment increased. On the other hand, 
the scored values of the induced abnormalities after 
treatment with the rhizo-N were low as compared with 
that scored after treatments with the chemical fungicides 
nimrod. This means that the chemical fungicides are 
more effective in inducing mitotic abnormalities than that 
of the biological fungicide. The genotoxicity of the 

synthetic fungicide nimrod, as indicated by their capacity 
to produce chromosomal aberrations, was confirmed by 
their effect on cell cycle phases as well as protein 
banding pattern and they are more dangerous than the 
biological fungicides rhizo-N. The result of the present 
investigation, point out the importance of taking proper 
measure in order to avoid contamination with these 
pollutants. The toxic effect of the synthetic fungicides has 
created a demand for new environmentally safe 
fungicides.  
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Figure 5. Electrophotographs produced by SDS-PAGE analysis of protein patterns of Allium cepa seeds after 

treatment with different concentrations of nimrod (A) and rizho-N (B) fungicides. M, Marker; C, control; Lane 1,  
0.312%; Lane 2,  0.625%; Lane 3,  1.25%; Lane 4,  2.5%. 
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Professionalism and integrity are integral attributes of the pharmacy profession. This study was set out 
to determine the perceptions towards and actual indulgence in academic dishonesty among Nigerian 
Pharmacy students and to compare these with results obtained in the United Kingdom. Final year and 
third year pharmacy students of University of Nigeria (UNN) and Olabisi Onabanjo University (OOU), all 
in Nigeria, were asked to complete a survey instrument consisting of 16 activities considered to be 
cheating. Data on perceptions and previous indulgence in such activities were collected and analysed 
with appropriate statistical tools. Three hundred and sixty six students participated (overall 
participation rate, 72.8%; UNN: n=216, 59.0%; OOU: n=150, 41%) in the study while male and female 
students were distributed almost equally (male: 48.6% and female: 51.4%).  More students cheated in 
their coursework than in examination (54.2 vs. 45.8%, p<0.05), while significantly more final year 
students in OOU indulged in cheating (74.6 vs. 62.1%, p<0.05). Overall, significantly more students in 
UNN cheated than those in OOU (81.5 vs. 68%, p=0.002). In comparison with students of University of 
Portsmouth, proportionally more Nigerian students participated in all eleven selected scenarios than 
UK students. Nigerian pharmacy students generally have a poor perception towards academic 
dishonesty and acts of such dishonesty are prevalent among these students. 
 
Key words: Academic dishonesty, Nigeria, pharmacy practice, professionalism. 

 
  
INTRODUCTION 
 
Pharmacy as a profession prides itself on high ethical 
standards and integrity. These qualities endear this 
profession to patients and other healthcare providers 
enabling trust to be built upon and subsequently mutual 
benefits achieved by both parties. Integrity does matter in 
both learning and practice. If there lacks integrity in the 
learning (education) process, integrity during practice 
may suffer adversely and studies have either perceived 
or demonstrated this association (Taradi et al., 2009; 
Turrens et al., 2001). 

Academic dishonesty (also known as cheating) has 
been defined by Storch and Storch (2002), to be “the act 
of giving or receiving unauthorized assistance in an 

academic task or receiving credit for plagiarized work”. 
There is evidence that academic dishonesty is on the rise 
among pharmacy students in developed economies 
across Europe and North America (Harries and Rutter, 
2005; Austin et al., 2005). Findings from such studies 
have shown that as much as 50-90% of students in some 
schools of pharmacy have said to have cheated in at 
least an examination or class work exercise. Some 
factors have been pointed to promote cheating among 
students, some of which may be applicable to a setting 
as ours (Africa). One of such factors is the size of class 
and number of tutors. Large classes with proportionally 
fewer tutors, often the case in developing countries, has 
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been shown to be favourable to student cheating as 
students believe they are less likely to be caught in such 
“disorganised” setting (McCabe and Trevino, 1996). 
Another study highlighted students’ poor awareness of 
the contents institutional policies on plagiarism and 
cheating and their effect on continued cheating beha-
viours (Ryan et al, 2009).  The gender of the student has 
also been reported to play a role in involvement in 
academic dishonesty, though most of such studies have 
been largely conflicting. However two interesting studies 
have significantly identified the male gender as culprit in 
most incidences of academic dishonesty (Norton et al., 
2002; Aggarwal et al., 2002). A study conducted in the 
US however showed a declining prevalence in cheating 
as students progressed through the curriculum/ 
professional classes (Hardigan and Ranelli, 2006). Some 
schools of pharmacy have employed strategies to curb 
the high prevalence of academic dishonesty among its 
students, particularly with the use of examination proctors 
and anti-plagiarism software but these are not within the 
reach of schools in developing countries (Paiscik and 
Brazeau, 2010). Even if they eventually became 
available, their implementation and effective manage-
ment could be yet another hurdle to climb.  

To our knowledge there is no published evidence on 
the prevalence of cheating among students in any Nigeria 
school of pharmacy. This study was then conducted to 
fulfil the following objectives; 1) to evaluate the 
perceptions of pharmacy students towards academic 
dishonesty 2) to identify the level of indulgence in 
cheating among these students 3) to compare these 
perceptions and indulgence between pharmacy students 
in Nigeria and those of the United Kingdom. 
 
 

MATERIALS AND METHODS 
 

Study design 
 

This study is a cross-sectional and descriptive survey designed to 
assess the perceptions and self-reported prevalence of cheating 
behaviours among Nigerian pharmacy students and compare them 
with those of a school of pharmacy in the United Kingdom. The 
survey in Nigeria included two schools of pharmacy conveniently 
sampled so as to compare institutional differences. Two 
professional classes were also used to note if academic 
progression had any effect on cheating behaviours. 
 
 
Study site 
 

The study was conducted in two accredited schools of pharmacy in 
Nigeria, one located at the Southern region and the other at the 
Eastern region. As at the time of this study, there were eleven 
council-accredited schools of pharmacy scattered all over Nigeria. 
The first used in this study; University of Nigeria Nsukka (UNN), is 
Nigeria’s first indigenous university and its school of pharmacy 
graduates an average of 170 students annually. It is located in the 
ancient city of Enugu in South eastern Nigeria and it attracts nearly 
4,000 applicants for its pharmacy program while accepting only an 
average of 200 candidates every year. The school of pharmacy in 
UNN utilizes the “resit-repeat” curriculum where unsuccessful 
students after a professional examination may  have  to  re-take  an  
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examination or repeat a class. The second university, Olabisi 
Onabanjo University, Shagamu (OOU), is located in Ogun State. It 
is a newer school of pharmacy receiving both the Council and 
Universities’ Commission accreditation in 1994. It receives just over 
600 applications yearly and it graduates an average of 90 students 
per year. 
 
 
Study sample 
 
Third and final year students of both schools of pharmacy formed 
the population for this study. The third year class represents a class 
that had successfully completed the first professional examination 
in the pharmacy curriculum while the final year class had been 
through three professional examinations. It is possible that 
differences may lie in the perceptions of these students towards 
cheating and academic progression may play a role. A non-
probabilistic sampling method was used to select student 
participants such that the inclusion criteria used was being a bona 
fide member of the class and being present during the lecture at the 
time of the study. 
 
 

Study instrument 
 

A questionnaire in English language to be individually filled was 
used for this study. It consisted of 16 items (scenarios) that were 
statements considered to be dishonest.  Eleven (11) statements 
were drawn from a previous study (Harries and Rutter, 2005), 
carried out in the University of Portsmouth, United Kingdom and 
others derived from graduates and lecturers of both schools of 
pharmacy under study in Nigeria. The statements covered common 
activities students participate in during examinations and tests (7 
statements) and course and laboratory works (9 statements). The 
instrument sought to explore students’ opinions on cheating 
behaviours and if they had indulged in any of such behaviours in 
the past. Demographic data such as age in years, gender and 
current year of study were also included in the study instrument. 
 
 

Study procedure 
 

After an approval of the study by the Faculty administration office of 
both schools, students were approached during a mandatory 
lecture, mid semester. A briefing was conducted and students were 
encouraged to provide genuine responses to all statements, as 
confidentiality and anonymity were promised by the researchers. To 
further build student trust, ballot boxes and similar marker pens 
were provided for all participating students. Oral consent for 
participation was sought from each student and no punishment for 
non-participation was promised. The questionnaires were 
distributed under the supervision of a lecturer to pharmacy students 
present during the third year and final year lectures. The classes 
were large enough and spacing was encouraged to reduce 
communication and bias when filling the questionnaire. A maximum 
allocated time of 20 minutes was given for completion of the 
questionnaire. The questionnaires were collected after completion. 
No honorarium was promised or given. 
 
 
Outcome measures and statistical analysis 
 
Data collected from the questionnaire were entered into the 
Microsoft Excel 2007 spread sheet independently by two personnel 
so as to ensure accuracy of entry. Entered data were transferred 
into the SPSS 16.0 package (SPSS Inc, Version 16, Chicago, USA) 
and subjected to differential analysis. Demographics of students 
from the two schools were presented as mean and percentages. 
Students’ perception of  dishonest  scenarios  was  assessed  using 
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percentages of students who correctly/incorrectly identified the 
dishonest behaviours. Prevalence of cheating was assessed by 
percentages of students who had reported in self-indulgence in 
cheating in the past year. These were presented by school of 
pharmacy and year of study. Effect of demographic variables (age, 
gender and year of study) on perceptions and prevalence were 
assessed by cross tabulation and differences were analysed using 
χ2-test at P values less than 0.05 being considered significant. 
Differences in perceptions and prevalence of cheating behaviours 
between the two Nigerian schools and a school in the UK3 were 
assessed using percentages in statements similar to both studies’ 
instrument.  

 
 

RESULTS 
 

Respondents’ characteristics and response rate 
 

Three hundred and sixty six students participated in this 
study (overall participation rate of 72.8%). University of 
Nigeria accounted for 216 (59.0%) students and Olabisi 
Onabanjo University, 150 (41.0%) students. These repre-
sent an institutional participation rate of 66.4% (216/325) 
for UNN and 84.3% (150/178) for OOU. A majority of the 
students were females, 188 (51.4%) and with an overall 
mean age of 21 years for third years and 24 years for 
final years in both schools. 
 
 

Students’ opinion of cheating behaviour to cheating 
in examinations and coursework 
 
Results on students’ opinion of cheating behaviours in 
examinations and coursework are displayed in Tables 1 
and 2, respectively. Overall, more than one-tenth of the 
students (12.8%) from both schools thought that the 
statements on examinations did not constitute cheating. 
A majority (>90%) of students of both universities thought 
that five of the seven statements were cheating beha-
viours for written examination. While nearly a quarter 
(23.6%) of students said that “seeing a leaked paper 
before an exam and solving it for use during the exam” 
was not cheating, also almost of half of them (42.37%) 
thought that “writing in an examination after the allotted 
time was over” was not cheating either. Differences in 
year of study showed that in OOU, more final year 
students considered all but one scenario (“writing an 
exam after the allotted time was over”) were cheating 
than those in the third years. In contrast however to UNN, 
proportionally more third years students considered 
nearly all scenarios to be cheating. 

Overall, nearly a third (29.3%) of students from both 
schools thought that the statements on course and 
laboratory work did not constitute cheating. Specifically, 
more than 30% of students of both universities thought 
that five of the nine scenarios were not cheating. Most 
notably, nearly half (48.2%) of the students said “passing 
down one’s practical workbook for lower years to use” 
and “one using an old practical workbook to complete a 
practical work” were not cheating. Differences  in  year  of  

 
 
 
 
study showed that more final year students considered 
five of the nine scenarios as cheating behaviours than 
third year students in OOU. In contrast however, fewer 
students in final years in UNN considered all the 
coursework scenarios as cheating than third year 
students. 
 
 
Student’s self admittance to cheating in examinations 
and coursework 
 
Students in these schools admitted to indulge in all 
scenarios presented in their last professional examina-
tions. However, the prevalence of cheating indulgence 
was significantly higher (54.2% vs. 45.8%, p<0.05) with 
coursework than in examinations. Adjusting for year of 
study for each school of pharmacy, more final year 
students in OOU admitted to cheating than the third year 
students (74.6% vs. 62.1%, p<0.05). In contrast, a non-
significantly lesser number of final year students of UNN 
were involved in these cheating behaviours than their 
third year counterparts (79.3% vs. 84.0%, p>0.05) (Table 
3). From a school of pharmacy point of view, there was a 
significantly higher number of students in UNN reported 
to have indulged in at least one of the cheating scenarios 
than in OOU (81.5% vs. 68.0%, p=0.002). Also there was 
no significant difference between males and females 
students who indulged in academic dishonesty 
irrespective of the school of pharmacy (49.1% vs. 50.9%, 
n=277; p=0.471). 
 
 

Differences of perceptions and prevalence of 
academic dishonesty among pharmacy students in 
Nigeria and United Kingdom 
 
Results comparing perceptions and self-reported indul-
gence of academic dishonesty between students of two 
schools of pharmacy in Nigeria and a school of pharmacy 
in United Kingdom are displayed in Tables 4 and 5. More 
students in the Nigerian schools of pharmacy thought that 
four of the eleven selected scenarios were cheating than 
their UK counterparts. These included the scenarios “a 
student continues to write in an exam after the allocated 
time”, “a student gets no results during the practical, then 
he makes it up (forges it)”, “a student uses an old 
practical workbook to complete his practical report” and 
“a student passes down his practical workbook to lower 
groups for them to use to complete their practical 
reporting”. Interestingly, only about half (47.7% to 57.7%) 
of the students in both countries thought that writing in an 
exam even after the allotted time and using an old 
workbook to complete one’s assignments should be 
considered cheating. For admitted indulgence in cheating 
(Table 5), proportionally more Nigerian students 
participated in academic dishonesty in all eleven selected 
case scenarios than UK students. 

Passing down practical notes (16.6%) or using practical
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Table 1. What Constitutes cheating: Opinion of students in examination scenario (No = believes the scenario does not constitute cheating). 
 

Examination scenario 

Olabisi Onabanjo University University of Nigeria 
Total 

NP Year 3 Year 5 Year 3 Year 5 

% n % n % n % n % n 

A student uses information  written on the arm during a written 
examination 

No 12.6 11 3.2* 2 4.0 4 5.3 6 6.3 23 22 

A student takes a revision note (“chips”) into a written exam No 8.0 7 0* 0 2.0 2 5.2 6 6.2 23 12 

A student uses electronic storage device (e.g. programmable 
calculator, phone, blackberry to store data and use it in an exam 

No 7.0 6 0* 0 4.0 4 7.8 9 7.0 26 14 

Students exchange answers by ( signals or orally) during an exam No 12.8 11 1.7* 1 7.0 7 12.1 14 10.0 33 115 

A student sees a “leaked” paper before an exam, solves it and 
uses the information during the exam 

No 33.7 29 26.7 16 20.0 20 17.5 20 23.6 85 38 

A student continues to write in an exam after the allotted time was 
over 

No 33.8 33 45.2 28 43.0 43 43 49 42.3 153 116 

A student allows another student to copy his paper in an exam No 16.3 14 3.4* 2 7.0 7 9.5 11 9.4 34 126 
 

*Indicates p < 0.05 (3rd versus 5th year); NP = no of students who had indulged in the act. 
 
 
 

Table 2. What Constitutes cheating? Opinion of students in course/laboratory work scenario (No= believes the scenario does not constitute cheating). 

 

Course and laboratory work scenario 

Olabisi Onabanjo University 
University of Nigeria 

Nsukka Total 
NP 

Year 3 Year 5 Year 3 Year 5 

% n % n % n % N % n 

Instead of doing his practical work, a student copies from a group 
member 

No 37.6 32 28.3 17 32 32 33 38 33.1 119 155 

A student allows another student to copy his/her  assignment No 39.3 33 42.9 22 34 34 37.9 44 37.6 133 199 

A student copies a colleague’s practical note without their consent No 20 17 8.1* 5 13 13 18.1 21 15.4 56 57 

A student gets no results during the practical, then he makes it up 
(forges it) 

No 26.7 23 20.6 13 24 24 25.2 29 24.5 89 97 

A student uses an old practical workbook to complete his practical 
report 

No 42.4 36 42.6 26 44 44 45.7 53 43.9 159 151 

A student passes down his practical workbook to lower groups for 
them to use to complete their practical reporting 

No 50.6 41 54.2 32 41.4 41 49.1 56 48.2 170 102 

A student does not participate in practical group work, leaving it only 
for other   members 

No 41 34 36.1 22 26 26 29.3 34 32.2 116 70 

A student gets his colleague to write his assignments for him/her No 31 26 35.1 20 24 24 26.7 31 28.3 101 86 

A student uses electronic devices to get answers from the internet 
during an exam or class 

No 10.5 9 3.2 2 4* 4 12.9 15 8.2 30 15 

 

*Indicates p<0.05 (3rd versus 5th year). NP = no of students who had indulged in the act. 
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Table 3. Reported rates of dishonesty by students of two Nigerian schools of Pharmacy. 
 

Number of students admitting to undertaking academic 
dishonesty* 

Number of instances students indulged in 
academic dishonesty 

Written 
Examinations 

Coursework Total 

OOU 3
rd

 year (n=54/87, 62.1%) 68 155 223 

OOU 5
th

 year (n=47/63, 74.6% ) 57 151 208 

UNN 3
RD

 year (n=84/100, 84% ) 185 314 499 

UNN 5
th

 year (n=92/116, 79.3%) 133 312 445 

All years of both schools (n=277/366, 75.7%) 443 932 1375 
 

* At least one scenario described as academic dishonesty. 
 
 
 

notes to complete one’s practical assignment (17.1%) 
were most prevalent cheating behaviours seen among 
UK pharmacy students while copying a practical work 
from a group member (42.3%) and using old practical 
workbook to complete assignments (41.2%) were most 
prevalent cheating behaviours among Nigerian students. 
Overall, the cheating was higher in coursework than in 
examination for students in both countries. 
 
 
DISCUSSION 
 
This study explored the perceptions and actual 
indulgence in academic dishonesty (“cheating”) among 
pharmacy students in two schools of pharmacy in 
Nigeria. Its results show that the perceptions towards 
cheating was poor and prevalence of cheating was high, 
much higher than reported in other schools in the US 
(Aggarwal et al., 2002).

 
In examination scenarios, poor 

perceptions of what constitutes cheating in an examina-
tion was seen especially in two statements which were “a 
student continues to write in an exam after the allotted 
time was over” and “a student sees a leaked paper 
before an exam, solves it and uses the information during 
an exam”. Interestingly the latter scenario can warrant a 
student’s withdrawal from the pharmacy program in both 
Nigerian universities, but the students felt it was one’s 
“luck” if such an event were presented to them. More 
encouragingly, only a few of them accepted to have 
indulged in such an act. The prevalence of indulgence in 
cheating was high in three examination scenarios with 
about half of the students reporting indulgence. Allowing 
a fellow student copy one’s work, writing after allotted 
time was over and exchanging answers by signals during 
examinations accounted for the most prevalent acts of 
cheating amongst these students. Quite worryingly, 
majority of the students perceived these acts as cheating 
and still went ahead to indulge in them.  Large number of 
students taking examinations in medium (or small) sized 
classrooms is common in most schools of the country. 
Such scenarios encourage cheating among students as 
they feel (or know) they are not likely to be caught if they 
cheated. This may cast some doubts on their academic 

competencies and professionalism status as they 
graduate, as some authors have reported that students 
who cheat in school would most likely be involved in 
unprofessional acts during practice (Turrens et al., 2001). 
There were also poor perceptions in course (classroom) 
work cheating scenarios among students in nearly all the 
scenarios presented. Copying another’s work and 
assignments, forging laboratory results and using 
previous workbook to complete assignments were seen 
to be cheating by more than half the students assessed. 
These acts of dishonesty were also found to be 
correspondingly prevalent among these students with 
majority of them admitting to have indulged in them. 
There was high indulgence in nearly all the scenarios 
especially in cases of copying assignments, but there 
was evidently low use of electronic devices to cheat. The 
authors believe that this high prevalence in academic 
dishonesty in class work may be due to very weak or 
non-existent penalties from the schools’ administration, 
as most schools do not punish students for classroom 
work cheating. 

Prevalence of cheating in our study showed nearly 
equal proportion of third and fifth year pharmacy students 
being involved in at least one form of cheating. This 
contradicts the report of Ng et al. (2006), which reported 
higher class students being more involved in forms of 
academic honesty.

 
Hardigan and Ranelli (2006) however 

had a mixed report, stating that the students from the 
higher class (third year vs. first year) cheated more 
before actual examinations with first years more likely to 
cheat during examinations.

 
The higher prevalence of 

cheating among third year students of UNN could 
possibly be attributed to the high attrition rate in that 
class, and students become desperate to get to the next 
class. However, for a smaller school like OOU in which 
attrition rate is similar across all years, more final year 
students said they were involved in cheating. This may 
be as a result of spending more years in school or were 
possibly more aware of opportunities to cheat (Ng et al., 
2006).

 

Students in the larger school (UNN) were significantly 
more involved in cheating behaviours than the students in 
the smaller institution (OOU). This trend  is  supported  by  
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Table 4. Comparison of the perception* toward cheating between students of schools of pharmacy in Nigeria and United Kingdom. 
 

Scenario 

Olabisi Onabanjo 
University/University of 

Nigeria, Nigeria 

n=366 

University of 
Portsmouth, United 

Kingdom 

n=409 

N % N % 

Examination     

A student uses information  written on the arm during a written examination 341 93.7 403 99 

A student takes a small piece of  revision note (“chips”) into a written exam 351 93.8 402 98.7 

A student uses electronic storage device (e.g. programmable calculator, phone, blackberry 
to store data and use it in an exam 

346 93 403 99 

Students exchange answers by signals or orally during an exam 328 90 386 95 

A student sees a paper before the exam, solves it and uses it in an examination 275 76.4 383 94.3 

A student continues to write in an exam after the allocated time 209 57.7 192 47.3 

Course work     

Instead of doing his practical work, a student copies from a group member 241 66.9 375 92.4 

A student copies a colleague’s practical note without their consent 307 84.5 393 96.8 

A student gets no results during the practical, then he makes it up (forges it) 275 75.5 192 48.9 

A student uses an old practical workbook to complete his practical report 203 56.1 193 47.7 

A student passes down his practical workbook to lower groups for them to use to complete 
their practical reporting 

183 51.8 170 42.2 

 

*Responses that believe the scenario does constitutes cheating.  
 
 
 

the works of Thorpe et al. (1999). This difference 
in cheating prevalence between the schools may 
also be attributed to a lesser inclination by OOU 
students to cheat or report they cheated or may 
have fewer opportunities to cheat than those in 
UNN. Larger classes and fewer tutors/examiners 
(typical of some schools in Nigeria) as mentioned 
above may provide ready atmosphere for students 
to cheat.  Our study found no association of gen-
der of pharmacy students and actual indulgence in 
academic dishonesty which is similar to results 
published earlier (Rabi et al., 2006) but contrary to 
another study assessing a school with 
predominantly African-Americans (Saulsbury et 
al., 2011). 

Students from schools of pharmacy in UK and 
Nigeria had poor perceptions of cheating beha-
viours and both indulged in different examination 
and coursework malpractice. Quite a large 
number of students of both schools thought that 
using previous workbooks to complete one’s 
assignment or passing down workbooks to lower 
classes for use and continued writing in an exam 
after allotted time was not cheating. Using 
previous workbooks to complete one’s assignment 
or passing down workbooks to lower classes for 
use were the most common cheating behaviours 
both sets of students indulged in. Other cheating 
behaviours that were common among both 
students included “forging laboratory results” and 

“writing an examination after the allotted time was 
over”. However, proportionally, more Nigerian 
students indulged in cheating and their knowledge 
of what constitutes cheating was poorer than their 
UK counterparts overall. This may be suggestive 
of the effect of cultural and regional differences as 
suggested by Ng et al. (2006).

 
Prevalence of 

cheating is expected to be lower in UK schools 
and schools of highly developed economies due 
to the availability and utilization of cheating 
technological devices which are evidently non-
existent in schools of most developing nations. A 
major concern we express in this study is the 
growing use of electronic storage devices to store 
answers and use during examinations. Though 
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Table 5. A comparison of the levels of admitted indulgence in academic dishonesty between students of the schools of pharmacy in Nigeria and United Kingdom. 
 

Scenario 

Olabisi Onabanjo 
University/University 

of Nigeria, Nigeria 

n=366 

University of 
Portsmouth, United 

Kingdom 

n=409 

N % N % 

Examination     

A student uses information  written on the arm during a written examination 22 6.0 13 3.2 

A student takes a revision note into a written exam 12 3.3 3 0.1 

A student uses electronic storage device (e.g. programmable calculator, phone, blackberry to store data 
and use it in an exam 

14 3.8 9 2.2 

Students exchange answers during an exam 115 31.4 32 7.8 

A student sees a leaked paper, solves it and uses it in an examination 38 10.4 3 0.1 

A student continues to write in an exam after the allotted time was over 116 31.7 45 11.0 

Course work     

Instead of doing his practical work, a student copies from a group member 155 42.3 19 4.6 

A student copies a colleague’s practical note without their consent 57 15.6 7 1.7 

A student gets no results during the practical, then he makes it up (forges it) 97 26.5 67 16.4 

A student uses an old practical workbook to complete his practical report 151 41.2 70 17.1 

A student passes down his practical workbook to lower groups for them to use to complete their practical 
reporting 

102 27.9 68 16.6 

 
 
 

the levels reported in this study was relatively low 
but they were higher than those reported in 
schools of pharmacy in more technologically 
advanced countries like the UK (Harries and 
Rutter, 2005). Students should be encouraged to 
embrace new technologies and employ them in 
purposeful ventures such as literature search, 
research and academic discussions. An author 
recounted that some schools have devised 
strategies such as honour codes and academic 
integrity committees to enforce such codes, use of 
examination proctors and anti-plagiarism soft-
wares to reduce academic dishonesty and 
plagiarism. However these efforts, no matter how 
stressed, would be useless if students themselves 

cannot instil good ethics and honesty in their 
individual and collective characters. As at the time 
of this study, schools of pharmacy in Nigeria do 
not assess its students using performance-based 
and problem-solving examinations but rather 
focus hugely on multiple choice and theory-based 
tests, which shifts focus of learning to a mere 
jostle for higher grades (Piascik and Brazeau, 
2010). 

This study had some limitations. Firstly, the 
sample though representative of a typically small 
and large pharmacy school in Nigeria, may not 
typify the perceptions and actions of students in 
other schools of pharmacy. Secondly, this study 
assesses perceptions towards a concept our 

respondents know is unprofessional, and this may 
have caused some respondents to report falsely 
(agreeably) which may have affected validity of 
these results obtained. Lastly, this study did not 
set out to understand reasons why students cheat 
and thus these results should be treated as 
descriptive and not inferential. 
 
 
Conclusion 
 
Pharmacy students in the Nigerian schools 
surveyed have poor perceptions about academic 
dishonesty and have indulged in it. Educational 
interventions should  be  enforced  to  reduce  this  



 
 
 
 
worsening trend so as to preserve the professionalism 
this profession prides itself on.  
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