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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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ABSTRACT
 

The vast potential of plants has bioactive compounds that could be effective or inhibitory to microorgan-
isms. Several experiments aimed at understanding the plant composition and its safe usage in the modern 
world have been conducteddue to their traditional importance in herbal medicine. Psidiumsppis a 
phyto-therapeutic plant believed to have active components that helps to manage and/ or treat different 
disease conditions such as vomiting, fever, diarrhea, dysentery, ulcer etc. Thus, understanding of the antimi-
crobial nature via research on their extracts will further explain their role in the history of herbal medicine and 
application in modern world.After application of inclusion and exclusion criteria, a systematic review com-
posed of sixteen published research articles of twenty trials from different parts of Psidiumspp extract against 
Escherichia coli and Staphylococcus aureus were appraised. The outcome was evaluated via zones of 
inhibition with consideration to the extraction solvent and the plant part. Analysis of the available data 
showed that the choice of solvent (95% C.I) affected the amount of composition extracted in the order of 
methanol, aqueous, acetone and ethanol while the plants part also varied in terms of their bioactive proper-
ties to inhibit the target organism in order of leaf, fruit, stem bark, twig and seed. Due to the ability of these 
extracts to inhibit the target organisms, it can therefore be deduced that concentration of the active com-
ponents of Psidiumspp can be used as an alternative to treat diseases related to E. coli and S.aureus.

KEY WORDS: Bioactive, Psidiumspp, Escherichia coli, Staphylococcus aureus, Antibiotics.

INTRODUCTION

Most of the major health problems faced by devel-
oping countries are caused by infectious microor-
ganisms that have developed resistance to a 
number of available antibiotics thus leading to 
difficulties in treatment1 of the disease. 

Generally, before the advent of modern drugs 
which took its root from traditional medicine, nature 
(plants) has always been significant in the treat-
ment of diseases and their conditions such as 
dysentery, diarrhea, vomiting, wounds, sore throat 
etc2.

Intensive studies in to natural therapy in the past 
decades till date, as further proven plants to be a 
valuable natural product which can help in the 
maintenance of human health and this is due to 

their varieties of bioactive components3 (tannins, 
flavonoids, cellulose, etc.). These plants are 
believed to be therapeutic due to their chemical 
constituents4 and thus several published research 
have been aimed to investigate, unlock and further 
understand the properties and effects of plant 
extracts. These properties such as anti-inflammato-
ry, anti-fungal, antibacterial, anti-cough, anti-de-
pressant, hypoglycemic, anti-mutagenic, antispas-
modic and anti-diarrhea have been investigated 
with different outcomes or results  both at traditional 
and modern level5, 6, 7, 8. In the production of new 
drugs, the plant secondary metabolites have been 
found to be a source of phytochemicals to be used 
as an intermediate9. 

The term guava which appears to be derived from 
a Spanish word guayaba is a fruit native to Mexico 
and America (Central, Northern and Southern) 3. It is 

a common tropical fruit from the family of Myrtace-
ae and botanically referred to as Psidium spp10. It 
comprises of about 133 genera and 3800 species 
with Psidiumguajava (apple, guava), Psidiumlittora-
levarlittoral(lemon, guava), Psidiumlittoralevarcat-
tlelanum(strawberry guava) and Psidiumguajava L. 
(pink guava) been the most common specie11.  
They are characterized by simple, elliptic to ovate 
tough, dark leaves of 5 to15cm long. They have 
many seeded berries as fruit and white colored 
flowers consisting of five petals and numerous 
stamens (http://www.rain-tree.com/guava.htm: 
NC 27401-4901 USA).

Considering the vast potentiality of plants as sourc-
es for antimicrobial drugs, a systematic review 
which can be referred to as the use of plain and 
systematic methods in answering questions of 
specific interests12 is needed to correlate the investi-
gations for further research and intervention 
interests. This involves the identification, selection 
and appraisal of relevant research articles for data 
collection and analysis12, 13. It is usually rigorously and 
transparently done to prevent bias and produce 
credible evidence based results14. Furthermore, a 
systematic review helps to identify discrepancies in 
studies and promotes precision which gives deci-
sion maker's power to make choices13.
 
This method  was adopted to synthesize findings 
from different primary studies rather than relying on 
the evidence of a single study15 to evaluate Psidium-
spp as an effective, bioactive source with antibac-
terial activity against common representative mem-
bers of gram positive (Staphylococcus aureus) and 
negative (Escherichia coli) isolate, standard strains 
and/or known resistance strains. This was done with 
respect to their extraction solvent and also to evalu-
ate from published articles the potential applicabili-
ty of its components in the treatment of infectious 
disease.
 

METHODS

This is a systematic review that adopts the frame-
work of Population, Intervention, Comparison and 
Outcome (PICO) by Bettany-Saltikov16 to identify, 
evaluate, and combine quality evidence of scientif-
ic standard that meets specific criteria in order to 
answer the question of interest13. It is a transparently 
carried out study to prevent bias and produce 
credible evidence based results14 which promotes 
precisions and identifies discrepancies17.

Research Strategies
The framework helps the researcher to access the 
full range of the available literatures that addresses 
the research question while creating direction for 
the literature search18. It involves four fragments 
which are summarized as PICO;
 
P: Psidiumspp (Guava), I: Extracts (Leaf, Fruit and 

Bark) and extract solvent (methanol, acetone, 
ethanol and aqueous), C: Antimicrobial activity 
–Antibacterial (Inhibition zone) and O: Effect of 
solvent, Outcome, Part with potential.

Inclusion And Exclusion Criteria
The selected articles (16) included double-blind, 
randomized, placebo-controlled trials that access 
the extract of Psidium different parts as an antimi-
crobial agent to pathogenic microorganisms from 
2006 to 2016. Only a trial involving one or both of S. 
aureus and E. coli with respect to zone of inhibition 
by the Psidiumspp specific extract. Evaluated data 
also included results from laboratory or in-vitro 
studies and trialsrespective of extraction method 
used.

The excluded articles were studies not within the 
selected year of interest, studies without extracts 
from Psidiumspp and studies with combined 
extracts from other source without clear differentia-
tion. Studies without at least one of the target 
solvent were excluded, studies not presented in the 
English language and those with incomplete 
information were also excluded.

Types Of Intervention
This review is targeted to examine Psidiumspp as an 
alternative antibiotic to S. aureus and E. coli and 
elucidate role of extraction solvent used

Outcome Measures
The measured primary outcomes were antibacterial 
(zone of inhibition), the effect of the solvent and the 
Psidium extract with most bio active potential.

Search Criteria
The adapted method used to conduct the system-
atic search for all relevant literature was the PICO 
formula of population/problem, intervention, com-
parison, and outcome. The online search queries 
were refined using the subject headings while 
constantly interchanging keywords such as: Guava, 
extracts, antibacterial, antifungal, antiviral, effect of 
guava extracts, medicinal parts of guava etc. The 
studies were obtained from computerized searches 
of multiple electronic bibliographic databases. 

Quality Assessment Of Studies
Studies were assessed for quality using standard 
tools; Quantitative Education Tool (via assessment 
of methodology and outcome) and components 
approach by multiple reviewers. Analysis on an 
intention-to-treat basis was also assessed. Critical 
analysis (critique of hypothesis, methods, results and 
conclusion) was done to ensure studies are of 
standard quality and the results can be general-
ized. 

Data Collection
Information and data were extracted from each 
study that met the inclusion criteria so that 

evidence can be evaluated, presented, and 
summarized.
Data Analysis
The analysiswas done manually and important data 
of the summary and comparisons were presented in 
table and figure.

RESULTS

This section is targeted to critically examine the 
quality of methodology used in the included articles 
and compare the results with other studies to ensure 
validity and reliability 

Quantity And Quality Of Study Evidence
Search results from Google scholar, PubMed, Med-
line provided 6290 publications were 150 with 
potential relevance remained after the removal of 
duplicates and irrelevant studies. Application of the 
inclusion and exclusion criteria resulted in to 16 
published research articles.These articles presented 
24 trials that have been summarized in Table1.Trans-
parency in methodology with the stated source of 
the target plant and organism were made avail-
able by all authors of selected articles except one 
i.e. Malaviya and Mishra19. Only Balangcodet.al;20 
made provision for approval before plant material 
collections while the deposition of voucher was 
made known by Joseph and Priya21, Anas et.al;22 
and Thiyagarajanand Jamal23.

Confirmation of target (clinical) isolates by conven-
tional procedures and provision of required 
information for standard strains (non-isolate) were 
made available by studies from Omoregie et.al;24, 
Bansoda and Chavan7, Joseph and Priya21, Nath 
and Bhattacharjee25, Esimone et.al;26,Balangcod 
et.al;20, Anas et.al;22 and Tauraet.al;27 while informa-
tion by Malaviya and Mishra16 was not clearly 
stated. Ismail et.al;28, Tahera et.al;29, Mushtaq 
et.al;30, Ali et.al;31, Balangcod et.al;20, Romasi et.al;32 
and Thiyagarajanand Jamal23 failed to provide at 
all. A study by Taura et.al;27 claim to have done 
confirmation of target organism, but not to the level 
of space for all the organisms. 

Results presented by Ismail et.al;28, Joseph and 
Priya21, Mushtaq et.al;30, Zahidah et.al;33 and 
Thiyagarajan and Jamal23 added strength to their 
studies by clearly stating the use of statistical tools 
such as SPSS (Statistical Package for the Social 
Science), ANOVA (Analysis of Variance), 
Graph-pad prism and SAS (Statistical Analysis 
System) to generate p values, standard deviation 
and mean which reflected in their results and there-
by increasesthe reliability, however, use of basic 
mean from triplicate result was noticed in all studies.
 
Phytochemical analysis of extracts to expose their 
composition and further indicate active compo-
nents was done except for studies from Ismail 
et.al;28, Joseph and Priya21, Nathand Bhattachar-
jee25, Tahera et.al;29, Malaviya and Mishra19, Mush-
taq et.al;30, Ali et.al;31 and Anas et.al;22

The use of control (known antibiotics i.e. Sparfloxa-
cin, Erythromycin, Flouconazole, Ampicillin, Tetracy-
cline, Kanamycin, Streptomycin,Vancomycin, 
Chloramphenicol, Penicillin G, Cloxacillinetc) to 
further strengthen the trials and the displays of activ-
ity index of the extracts on target organisms were 
included in studies from Omoregie et.al;24, Bansoda 
and Chavan7, Nath and Bhattacharjee25, Mushtaq 
et.al;30, Balangcod et.al;20, Zahidah et.al;33, Anas 
et.al;22, Taura et.al;27 and Thiyagarajan and Jamal23. 
Study by Esimone et.al;26 on methicillin-resistance 
S.aureus which used oxacillin as control for 
resistance and the strains were classified as resistant 
according to CLSI34 guidelines. The studies by 
Joseph and Priya21 and Tahera et.al;29 made refer-
ence to controls by ampicillin and gentamycin/ 
streptomycin respectively however, no presented 
result was found. 

A total of twenty-four trials from sixteen articles of 
original research that met the inclusion criteria were 
all summarized in Table 1. Figure 1 displays the total 
inhibition activity of all extract from the selected 
articles in respect to the target organisms while 
Figure 2 and 3 shows the generated activity index of 
extraction solvents for S. aureus and E. coli.

DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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A REVIEW ON ANTIBACTERIAL PROPERTIES OF EXTRACTS FROM PSIDIUM SPP AND EFFECT OF THE EXTRACTION SOLVENT

INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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INTRODUCTION

Most of the major health problems faced by devel-
oping countries are caused by infectious microor-
ganisms that have developed resistance to a 
number of available antibiotics thus leading to 
difficulties in treatment1 of the disease. 

Generally, before the advent of modern drugs 
which took its root from traditional medicine, nature 
(plants) has always been significant in the treat-
ment of diseases and their conditions such as 
dysentery, diarrhea, vomiting, wounds, sore throat 
etc2.

Intensive studies in to natural therapy in the past 
decades till date, as further proven plants to be a 
valuable natural product which can help in the 
maintenance of human health and this is due to 

their varieties of bioactive components3 (tannins, 
flavonoids, cellulose, etc.). These plants are 
believed to be therapeutic due to their chemical 
constituents4 and thus several published research 
have been aimed to investigate, unlock and further 
understand the properties and effects of plant 
extracts. These properties such as anti-inflammato-
ry, anti-fungal, antibacterial, anti-cough, anti-de-
pressant, hypoglycemic, anti-mutagenic, antispas-
modic and anti-diarrhea have been investigated 
with different outcomes or results  both at traditional 
and modern level5, 6, 7, 8. In the production of new 
drugs, the plant secondary metabolites have been 
found to be a source of phytochemicals to be used 
as an intermediate9. 

The term guava which appears to be derived from 
a Spanish word guayaba is a fruit native to Mexico 
and America (Central, Northern and Southern) 3. It is 

a common tropical fruit from the family of Myrtace-
ae and botanically referred to as Psidium spp10. It 
comprises of about 133 genera and 3800 species 
with Psidiumguajava (apple, guava), Psidiumlittora-
levarlittoral(lemon, guava), Psidiumlittoralevarcat-
tlelanum(strawberry guava) and Psidiumguajava L. 
(pink guava) been the most common specie11.  
They are characterized by simple, elliptic to ovate 
tough, dark leaves of 5 to15cm long. They have 
many seeded berries as fruit and white colored 
flowers consisting of five petals and numerous 
stamens (http://www.rain-tree.com/guava.htm: 
NC 27401-4901 USA).

Considering the vast potentiality of plants as sourc-
es for antimicrobial drugs, a systematic review 
which can be referred to as the use of plain and 
systematic methods in answering questions of 
specific interests12 is needed to correlate the investi-
gations for further research and intervention 
interests. This involves the identification, selection 
and appraisal of relevant research articles for data 
collection and analysis12, 13. It is usually rigorously and 
transparently done to prevent bias and produce 
credible evidence based results14. Furthermore, a 
systematic review helps to identify discrepancies in 
studies and promotes precision which gives deci-
sion maker's power to make choices13.
 
This method  was adopted to synthesize findings 
from different primary studies rather than relying on 
the evidence of a single study15 to evaluate Psidium-
spp as an effective, bioactive source with antibac-
terial activity against common representative mem-
bers of gram positive (Staphylococcus aureus) and 
negative (Escherichia coli) isolate, standard strains 
and/or known resistance strains. This was done with 
respect to their extraction solvent and also to evalu-
ate from published articles the potential applicabili-
ty of its components in the treatment of infectious 
disease.
 

METHODS

This is a systematic review that adopts the frame-
work of Population, Intervention, Comparison and 
Outcome (PICO) by Bettany-Saltikov16 to identify, 
evaluate, and combine quality evidence of scientif-
ic standard that meets specific criteria in order to 
answer the question of interest13. It is a transparently 
carried out study to prevent bias and produce 
credible evidence based results14 which promotes 
precisions and identifies discrepancies17.

Research Strategies
The framework helps the researcher to access the 
full range of the available literatures that addresses 
the research question while creating direction for 
the literature search18. It involves four fragments 
which are summarized as PICO;
 
P: Psidiumspp (Guava), I: Extracts (Leaf, Fruit and 

Bark) and extract solvent (methanol, acetone, 
ethanol and aqueous), C: Antimicrobial activity 
–Antibacterial (Inhibition zone) and O: Effect of 
solvent, Outcome, Part with potential.

Inclusion And Exclusion Criteria
The selected articles (16) included double-blind, 
randomized, placebo-controlled trials that access 
the extract of Psidium different parts as an antimi-
crobial agent to pathogenic microorganisms from 
2006 to 2016. Only a trial involving one or both of S. 
aureus and E. coli with respect to zone of inhibition 
by the Psidiumspp specific extract. Evaluated data 
also included results from laboratory or in-vitro 
studies and trialsrespective of extraction method 
used.

The excluded articles were studies not within the 
selected year of interest, studies without extracts 
from Psidiumspp and studies with combined 
extracts from other source without clear differentia-
tion. Studies without at least one of the target 
solvent were excluded, studies not presented in the 
English language and those with incomplete 
information were also excluded.

Types Of Intervention
This review is targeted to examine Psidiumspp as an 
alternative antibiotic to S. aureus and E. coli and 
elucidate role of extraction solvent used

Outcome Measures
The measured primary outcomes were antibacterial 
(zone of inhibition), the effect of the solvent and the 
Psidium extract with most bio active potential.

Search Criteria
The adapted method used to conduct the system-
atic search for all relevant literature was the PICO 
formula of population/problem, intervention, com-
parison, and outcome. The online search queries 
were refined using the subject headings while 
constantly interchanging keywords such as: Guava, 
extracts, antibacterial, antifungal, antiviral, effect of 
guava extracts, medicinal parts of guava etc. The 
studies were obtained from computerized searches 
of multiple electronic bibliographic databases. 

Quality Assessment Of Studies
Studies were assessed for quality using standard 
tools; Quantitative Education Tool (via assessment 
of methodology and outcome) and components 
approach by multiple reviewers. Analysis on an 
intention-to-treat basis was also assessed. Critical 
analysis (critique of hypothesis, methods, results and 
conclusion) was done to ensure studies are of 
standard quality and the results can be general-
ized. 

Data Collection
Information and data were extracted from each 
study that met the inclusion criteria so that 

evidence can be evaluated, presented, and 
summarized.
Data Analysis
The analysiswas done manually and important data 
of the summary and comparisons were presented in 
table and figure.

RESULTS

This section is targeted to critically examine the 
quality of methodology used in the included articles 
and compare the results with other studies to ensure 
validity and reliability 

Quantity And Quality Of Study Evidence
Search results from Google scholar, PubMed, Med-
line provided 6290 publications were 150 with 
potential relevance remained after the removal of 
duplicates and irrelevant studies. Application of the 
inclusion and exclusion criteria resulted in to 16 
published research articles.These articles presented 
24 trials that have been summarized in Table1.Trans-
parency in methodology with the stated source of 
the target plant and organism were made avail-
able by all authors of selected articles except one 
i.e. Malaviya and Mishra19. Only Balangcodet.al;20 
made provision for approval before plant material 
collections while the deposition of voucher was 
made known by Joseph and Priya21, Anas et.al;22 
and Thiyagarajanand Jamal23.

Confirmation of target (clinical) isolates by conven-
tional procedures and provision of required 
information for standard strains (non-isolate) were 
made available by studies from Omoregie et.al;24, 
Bansoda and Chavan7, Joseph and Priya21, Nath 
and Bhattacharjee25, Esimone et.al;26,Balangcod 
et.al;20, Anas et.al;22 and Tauraet.al;27 while informa-
tion by Malaviya and Mishra16 was not clearly 
stated. Ismail et.al;28, Tahera et.al;29, Mushtaq 
et.al;30, Ali et.al;31, Balangcod et.al;20, Romasi et.al;32 
and Thiyagarajanand Jamal23 failed to provide at 
all. A study by Taura et.al;27 claim to have done 
confirmation of target organism, but not to the level 
of space for all the organisms. 

Results presented by Ismail et.al;28, Joseph and 
Priya21, Mushtaq et.al;30, Zahidah et.al;33 and 
Thiyagarajan and Jamal23 added strength to their 
studies by clearly stating the use of statistical tools 
such as SPSS (Statistical Package for the Social 
Science), ANOVA (Analysis of Variance), 
Graph-pad prism and SAS (Statistical Analysis 
System) to generate p values, standard deviation 
and mean which reflected in their results and there-
by increasesthe reliability, however, use of basic 
mean from triplicate result was noticed in all studies.
 
Phytochemical analysis of extracts to expose their 
composition and further indicate active compo-
nents was done except for studies from Ismail 
et.al;28, Joseph and Priya21, Nathand Bhattachar-
jee25, Tahera et.al;29, Malaviya and Mishra19, Mush-
taq et.al;30, Ali et.al;31 and Anas et.al;22

The use of control (known antibiotics i.e. Sparfloxa-
cin, Erythromycin, Flouconazole, Ampicillin, Tetracy-
cline, Kanamycin, Streptomycin,Vancomycin, 
Chloramphenicol, Penicillin G, Cloxacillinetc) to 
further strengthen the trials and the displays of activ-
ity index of the extracts on target organisms were 
included in studies from Omoregie et.al;24, Bansoda 
and Chavan7, Nath and Bhattacharjee25, Mushtaq 
et.al;30, Balangcod et.al;20, Zahidah et.al;33, Anas 
et.al;22, Taura et.al;27 and Thiyagarajan and Jamal23. 
Study by Esimone et.al;26 on methicillin-resistance 
S.aureus which used oxacillin as control for 
resistance and the strains were classified as resistant 
according to CLSI34 guidelines. The studies by 
Joseph and Priya21 and Tahera et.al;29 made refer-
ence to controls by ampicillin and gentamycin/ 
streptomycin respectively however, no presented 
result was found. 

A total of twenty-four trials from sixteen articles of 
original research that met the inclusion criteria were 
all summarized in Table 1. Figure 1 displays the total 
inhibition activity of all extract from the selected 
articles in respect to the target organisms while 
Figure 2 and 3 shows the generated activity index of 
extraction solvents for S. aureus and E. coli.

DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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INTRODUCTION

Most of the major health problems faced by devel-
oping countries are caused by infectious microor-
ganisms that have developed resistance to a 
number of available antibiotics thus leading to 
difficulties in treatment1 of the disease. 

Generally, before the advent of modern drugs 
which took its root from traditional medicine, nature 
(plants) has always been significant in the treat-
ment of diseases and their conditions such as 
dysentery, diarrhea, vomiting, wounds, sore throat 
etc2.

Intensive studies in to natural therapy in the past 
decades till date, as further proven plants to be a 
valuable natural product which can help in the 
maintenance of human health and this is due to 

their varieties of bioactive components3 (tannins, 
flavonoids, cellulose, etc.). These plants are 
believed to be therapeutic due to their chemical 
constituents4 and thus several published research 
have been aimed to investigate, unlock and further 
understand the properties and effects of plant 
extracts. These properties such as anti-inflammato-
ry, anti-fungal, antibacterial, anti-cough, anti-de-
pressant, hypoglycemic, anti-mutagenic, antispas-
modic and anti-diarrhea have been investigated 
with different outcomes or results  both at traditional 
and modern level5, 6, 7, 8. In the production of new 
drugs, the plant secondary metabolites have been 
found to be a source of phytochemicals to be used 
as an intermediate9. 

The term guava which appears to be derived from 
a Spanish word guayaba is a fruit native to Mexico 
and America (Central, Northern and Southern) 3. It is 

a common tropical fruit from the family of Myrtace-
ae and botanically referred to as Psidium spp10. It 
comprises of about 133 genera and 3800 species 
with Psidiumguajava (apple, guava), Psidiumlittora-
levarlittoral(lemon, guava), Psidiumlittoralevarcat-
tlelanum(strawberry guava) and Psidiumguajava L. 
(pink guava) been the most common specie11.  
They are characterized by simple, elliptic to ovate 
tough, dark leaves of 5 to15cm long. They have 
many seeded berries as fruit and white colored 
flowers consisting of five petals and numerous 
stamens (http://www.rain-tree.com/guava.htm: 
NC 27401-4901 USA).

Considering the vast potentiality of plants as sourc-
es for antimicrobial drugs, a systematic review 
which can be referred to as the use of plain and 
systematic methods in answering questions of 
specific interests12 is needed to correlate the investi-
gations for further research and intervention 
interests. This involves the identification, selection 
and appraisal of relevant research articles for data 
collection and analysis12, 13. It is usually rigorously and 
transparently done to prevent bias and produce 
credible evidence based results14. Furthermore, a 
systematic review helps to identify discrepancies in 
studies and promotes precision which gives deci-
sion maker's power to make choices13.
 
This method  was adopted to synthesize findings 
from different primary studies rather than relying on 
the evidence of a single study15 to evaluate Psidium-
spp as an effective, bioactive source with antibac-
terial activity against common representative mem-
bers of gram positive (Staphylococcus aureus) and 
negative (Escherichia coli) isolate, standard strains 
and/or known resistance strains. This was done with 
respect to their extraction solvent and also to evalu-
ate from published articles the potential applicabili-
ty of its components in the treatment of infectious 
disease.
 

METHODS

This is a systematic review that adopts the frame-
work of Population, Intervention, Comparison and 
Outcome (PICO) by Bettany-Saltikov16 to identify, 
evaluate, and combine quality evidence of scientif-
ic standard that meets specific criteria in order to 
answer the question of interest13. It is a transparently 
carried out study to prevent bias and produce 
credible evidence based results14 which promotes 
precisions and identifies discrepancies17.

Research Strategies
The framework helps the researcher to access the 
full range of the available literatures that addresses 
the research question while creating direction for 
the literature search18. It involves four fragments 
which are summarized as PICO;
 
P: Psidiumspp (Guava), I: Extracts (Leaf, Fruit and 

Bark) and extract solvent (methanol, acetone, 
ethanol and aqueous), C: Antimicrobial activity 
–Antibacterial (Inhibition zone) and O: Effect of 
solvent, Outcome, Part with potential.

Inclusion And Exclusion Criteria
The selected articles (16) included double-blind, 
randomized, placebo-controlled trials that access 
the extract of Psidium different parts as an antimi-
crobial agent to pathogenic microorganisms from 
2006 to 2016. Only a trial involving one or both of S. 
aureus and E. coli with respect to zone of inhibition 
by the Psidiumspp specific extract. Evaluated data 
also included results from laboratory or in-vitro 
studies and trialsrespective of extraction method 
used.

The excluded articles were studies not within the 
selected year of interest, studies without extracts 
from Psidiumspp and studies with combined 
extracts from other source without clear differentia-
tion. Studies without at least one of the target 
solvent were excluded, studies not presented in the 
English language and those with incomplete 
information were also excluded.

Types Of Intervention
This review is targeted to examine Psidiumspp as an 
alternative antibiotic to S. aureus and E. coli and 
elucidate role of extraction solvent used

Outcome Measures
The measured primary outcomes were antibacterial 
(zone of inhibition), the effect of the solvent and the 
Psidium extract with most bio active potential.

Search Criteria
The adapted method used to conduct the system-
atic search for all relevant literature was the PICO 
formula of population/problem, intervention, com-
parison, and outcome. The online search queries 
were refined using the subject headings while 
constantly interchanging keywords such as: Guava, 
extracts, antibacterial, antifungal, antiviral, effect of 
guava extracts, medicinal parts of guava etc. The 
studies were obtained from computerized searches 
of multiple electronic bibliographic databases. 

Quality Assessment Of Studies
Studies were assessed for quality using standard 
tools; Quantitative Education Tool (via assessment 
of methodology and outcome) and components 
approach by multiple reviewers. Analysis on an 
intention-to-treat basis was also assessed. Critical 
analysis (critique of hypothesis, methods, results and 
conclusion) was done to ensure studies are of 
standard quality and the results can be general-
ized. 

Data Collection
Information and data were extracted from each 
study that met the inclusion criteria so that 

evidence can be evaluated, presented, and 
summarized.
Data Analysis
The analysiswas done manually and important data 
of the summary and comparisons were presented in 
table and figure.

RESULTS

This section is targeted to critically examine the 
quality of methodology used in the included articles 
and compare the results with other studies to ensure 
validity and reliability 

Quantity And Quality Of Study Evidence
Search results from Google scholar, PubMed, Med-
line provided 6290 publications were 150 with 
potential relevance remained after the removal of 
duplicates and irrelevant studies. Application of the 
inclusion and exclusion criteria resulted in to 16 
published research articles.These articles presented 
24 trials that have been summarized in Table1.Trans-
parency in methodology with the stated source of 
the target plant and organism were made avail-
able by all authors of selected articles except one 
i.e. Malaviya and Mishra19. Only Balangcodet.al;20 
made provision for approval before plant material 
collections while the deposition of voucher was 
made known by Joseph and Priya21, Anas et.al;22 
and Thiyagarajanand Jamal23.

Confirmation of target (clinical) isolates by conven-
tional procedures and provision of required 
information for standard strains (non-isolate) were 
made available by studies from Omoregie et.al;24, 
Bansoda and Chavan7, Joseph and Priya21, Nath 
and Bhattacharjee25, Esimone et.al;26,Balangcod 
et.al;20, Anas et.al;22 and Tauraet.al;27 while informa-
tion by Malaviya and Mishra16 was not clearly 
stated. Ismail et.al;28, Tahera et.al;29, Mushtaq 
et.al;30, Ali et.al;31, Balangcod et.al;20, Romasi et.al;32 
and Thiyagarajanand Jamal23 failed to provide at 
all. A study by Taura et.al;27 claim to have done 
confirmation of target organism, but not to the level 
of space for all the organisms. 

Results presented by Ismail et.al;28, Joseph and 
Priya21, Mushtaq et.al;30, Zahidah et.al;33 and 
Thiyagarajan and Jamal23 added strength to their 
studies by clearly stating the use of statistical tools 
such as SPSS (Statistical Package for the Social 
Science), ANOVA (Analysis of Variance), 
Graph-pad prism and SAS (Statistical Analysis 
System) to generate p values, standard deviation 
and mean which reflected in their results and there-
by increasesthe reliability, however, use of basic 
mean from triplicate result was noticed in all studies.
 
Phytochemical analysis of extracts to expose their 
composition and further indicate active compo-
nents was done except for studies from Ismail 
et.al;28, Joseph and Priya21, Nathand Bhattachar-
jee25, Tahera et.al;29, Malaviya and Mishra19, Mush-
taq et.al;30, Ali et.al;31 and Anas et.al;22

The use of control (known antibiotics i.e. Sparfloxa-
cin, Erythromycin, Flouconazole, Ampicillin, Tetracy-
cline, Kanamycin, Streptomycin,Vancomycin, 
Chloramphenicol, Penicillin G, Cloxacillinetc) to 
further strengthen the trials and the displays of activ-
ity index of the extracts on target organisms were 
included in studies from Omoregie et.al;24, Bansoda 
and Chavan7, Nath and Bhattacharjee25, Mushtaq 
et.al;30, Balangcod et.al;20, Zahidah et.al;33, Anas 
et.al;22, Taura et.al;27 and Thiyagarajan and Jamal23. 
Study by Esimone et.al;26 on methicillin-resistance 
S.aureus which used oxacillin as control for 
resistance and the strains were classified as resistant 
according to CLSI34 guidelines. The studies by 
Joseph and Priya21 and Tahera et.al;29 made refer-
ence to controls by ampicillin and gentamycin/ 
streptomycin respectively however, no presented 
result was found. 

A total of twenty-four trials from sixteen articles of 
original research that met the inclusion criteria were 
all summarized in Table 1. Figure 1 displays the total 
inhibition activity of all extract from the selected 
articles in respect to the target organisms while 
Figure 2 and 3 shows the generated activity index of 
extraction solvents for S. aureus and E. coli.

DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  

REFERENCES

1. Centers for Disease Control and prevention. 
Antibiotics/ Antibiotic resistance. National center 
for emerging and Zoonotic infectious disease. 2015.

2. Egharevba HO,Kunle OF. Preliminary phytochem-
ical and proximate analysis of the leaves of 
Piliostigmathioniningii (schumach) Mile-Redhead. 
Ethanobotanical Leaflets. 2010;14:570-577.
3. Bipul B, Kimberly R, Fredrick M, Dwayne D, Anand 
Y. Antimicrobial activities of leaf extracts of guava 
(Psidiumguajava L.) on two Gram positive and 
Gram negative Bacteria. International Journal of 
Microbiology. 2013;1-7.
4. Huo CH, Shen LR, Zhao YY, Liang H. Chemical 
constituents of plants from the genus symplocus. 
ChemBiodivers. 2007; 4(1):1-11.
5. Matwally AM, Omar AA, Harraz FM,Saohafy SM. 
Phytochemical investigation and antimicrobial 
activity of Psidiumguajava leaves. Pharmacogn 
Mag. 2010; 6(23): 212-218.
6. Abdelrahim SI, Almagboul AZ, Omer MEA,Elega-
mi A. Antimicrobial activity of Psidiumguajava L. 
Fitoterapia. 2002; 73:713‐715.
7. Bansode DS, Chavan MD. Screening of Guava 
(Psidiumguajava) for Effective Phytomedicines and 
Study on its Antimicrobial effect against Selected 
Enteric Pathogens. International Journal of 
Advances InPharmacy, Biology And Chemistry. 
2014; 3(3).
8. Sherweit HE, Mohamed LA, Michael W. Chemical 
composition and anti-inflammatory activity of the 
essential oils of Psidiumguajava fruits and leaves. 
The Journal of Essential Oil Research. 2013;25(6): 
475-481
9. Chandra M.  Antimicrobial Activity of Medicinal 
Plants against Human Pathogenic Bacteria. 
International Journal of Biotechnology and Bioen-
gineering Research.. 2013; (7):  653-658. 
10. Mani A, Misha R, Thomas G. Elucidation of 
diversity among Psidium species using morphologi-
cal and SPAR methods. Journal of phytology. 2011; 
(3):53-61.
11. Joseph B, Mini PR. Review on nutritional, medici-
nal and pharmacological properties of Guava 
(Psidium guajava Linn.). International Journal of 
Pharma and Bio Sciences. 2011; 2 (1). 
12. Higgins JPT, Green S. Cochrane handbook for 
systemic review of interventions. Cochrane collab-
oration. 2015.
13. Julian PT Higgins and Sally Green.The Cochrane 
Collaboration. Cochrane Handbook for Systematic 
Reviews of Interventions(version 5.1.0): 2009. 
p.51-383.
14. Li T, Vedula SS, Scherer R,Dickersin K. What 
comparative effectiveness research is needed? A 
framework for using guidelines and systematic 
reviews to identify evidence gaps and research 
priorities. Annals of internal medicine. 2012; 156(5): 
367-377.
15. Thomas JR, Silverman S, Nelson J. Research 
Methods in Physical Activity.  Human Kinetics 7th 
Edition: 2015. p. 33-496.
16. Bettany-saltikov. Learning how to undertake a 
systemic review. Nurs Stand. 2010; 24 (50):47-55.
17. Khan K, Kunz R, Kleijnen J, Antes G. Systematic 
reviews to support

evidence-based medicine. 2nd edition: 2011. p. 
9-163. 
18. Greenhalgh T. How to read a paper; the basics 
of evidence based Medicine, 5thEdition. BMJ 
books: 2014. p. 15-288
19. Malaviya A, Mishra N. Antimicrobial activity of 
tropical fruits.  Biological Forum – An International 
Journal. 2011; 3(1): 1-4.
20. Balangcod TD, Vallejo DL, Patacsil M, Apostol O, 
Lianne MVA, Manuel J, Cortez S, Gutierrez RM. 
Phytochemical screening and antibacterial activity 
of selected medicinal plants of Bayabas, Sablan, 
Benguet Province, Cordillera Administrative Region, 
Luzon, Phillipines. Indian Journal of Traditional 
Knowledge. 2012; 11(4): 580-585.
21. Joseph B, Mini P. Invitro antimicrobial activity of 
PsidiumguajavaL. Leaf essential oil and Extracts 
using agar well diffusion method.International 
Journal of Current Pharmaceutical Research. 2010; 
2 : 28-32
22. Anas K, Jayasree PR, Vijayakumar T, Kumar PR. 
Invitro antibacterial activity of Psidiumguajava Linn 
leaf extracts on clinical isolate of multidrug resistant 
Staphylococcus aureus. Indian Journal of Experi-
mental Biology. 2007; 46:41-46.
23. Thiyagarajan S, Jamal A. Evaluation of lethal 
activity of Psidiumguajava Linn extracts on bacteri-
al pathogens causing diarrheal infections. Int. J Res 
Ayurveda pharm. 2015; 6(1): 111-117. 
24. Omoregie EH, Ibrahim I, Nneka I, Abdullahi 
M,Okwute SK,Okogun JI. Broad Spectrum Antimi-
crobial Activity of Psidiumguajava Linn. Leaf. 
Nature and Science. 2010; 8(12).
25. Nath A,Bhattacharjee MK.Antimicrobial Activity 
of EthnobotanicalPlant Psidium guajava.BioRxiv 
preprint 2015. p. 1-15.
26. Esimone CO, Attama AA, Mundi KS, IbekweN-
N,Chah KF. Antimicrobial activity of Psidiumguaja-
vaLinn. stem extracts against methicillin-resistant 
Staphylococcus aureus. African Journal of Biotech-
nology. 2012; 11(89): 15556-15559. 
27. Taura DW, Yusha’u M, Bello UA, Hassan A, Saidu 
J, Panda TW. Antibacterial activity of Psidiumguaja-
va in clinical isolates. Acad. J. Microbiol. Res. 2014; 
2(2):079-083.
28. Ismail M, Minhas PS, Khanum F, Sahana VM, 
Sowmya C. Antibacterial Activity of Leaves Extract 
of Guava (Psidiumguajava). International Journal 
of Research in Pharmaceutical and Biomedical 
Sciences. 2012; 3(1):1-7
29. Tahera J, Feroz F, Senjuti JD, Kamal KD, Noor R. 
Demonstration of Anti-Bacterial Activity of com-
monly available Fruit Extracts in Dhaka, Bangla-
desh. American Journal of Microbiological 
Research. 2014; 2(2): 68-73 
30. Mushtaq M, Akhtar B, Daud M, Saadul-
lahS,Mohsin F, Rehmans G, Iqbal S, Iqbal Z, Khan 
MZ,Saddique U. In vitro antimicrobial activity of 
guava leaves extract against important bacterial 
and fungal strain. International Journal of Biosci-
ences. 2014; 4(10):188-192.
31. Ali I, Khan SZ, Nasir H, Ullah I, Ullah A, Ahmad R, 

Junaid AM, Khan S, Alvi IA,RehmanM.In-Vitro 
Antibacterial Activity of Leaf Extracts of Psidium 
guajava against selected Pathogenic bacterial 
strains. International Journal of Innovation and 
Scientific Research. 2014; 3(1):10-13.
32. Romasi EF, Parhusip AJN,Yuniwaty. Study of 
Antimicrobial Activity from Guava (Psidium guaja-
va L.) Leaf Extract towards Pathogenic Microbes. 
2006;1-9
33. Wan NurZahidah WZ, NorihamA,Zainon MN. 
Antioxidant and antimicrobial activities of pink 
guava leaves and seeds. J. Trop. Agric. and Fd. Sc. 
2013; 41(1): 53–62.
34. Clinical Laboratory Standards Institute (CLSI). 
Performance standards for antimicrobial disc and 
dilution susceptibility tests for bacteria isolated from 
animal. 2002;22:13-14.
35. Kapoor N, Mehta D, Gupta M, Mehta KB. 
“GC-MS Analysis and anti-microbial activity of 
Psidium Guajava (leaves) grown in Malva region of 
India”. Int. J. Drug Dev. & Res. 2011; 3(4): 237-245.
36. Ojan H,Nihorimbere V. Antioxidant power of 
phytochemicals from Psidium guajava. Journal of 
Zhejiang University of Science. 2004; 5: 676 – 683.
37. Wojdyło A, Oszmiański J,Czemerys R. Antioxi-
dant activity and phenolic compounds in 32 
selected herbs. Journal of Food chemistry. 2007; 
105: 940 – 949.
38. Zakaria M, Mohd MA. Traditional Malay Medici-
nal Plants, Penerbit Fajar Bakti, Sdn. Bhd. Kuala 
Lumpur. 1994
39. Iwu MM. Handbook of African Medicinal 
Plants.2nd edition:1993;1:p-464. 
40. Nadkarni KM, Nadkarni AK. Indian MateriaMedi-
ca -1 with Ayurvedic, Unani-Tibbi, Siddha, Allopath-
ic, Homeopathic, Naturopathic and Home reme-
dies.PopularPrakashan, Mumbai. 1992; 1:508
41. Oliver-Bever. Bep, Medicinal Plants in tropical 
West Africa. Cambridge University Press, Cam-
bridge. 1st edition: 2009;1:p-388.
42. Begum S, Hassan SI, Siddiqui BS. Two new 
triterpenoids from the fresh leaves of Psidiumguaja-
va. Planta Med. 2002; 68: 1149-1152.
43. Begum S, Hassana SI, Ali SN,Siddiqui BS. Chemi-
cal constituents from the leaves of Psidiumguajava. 
Nat. Prod. Res. 2004; 18(2): 135-140.
44. Wyk B, Oudtshoorn B,Gericke N. Medicinal 
Plants of South Africa, BrizaPublications,Pretoria, 
South Africa. First edition: 1997;1:p-304.
45. Ghosh P, Maudal A,Chakraborty P. Triterpeniods 
from Psidiumguajava with biocidal activity. Indian 
J. Pharm Sci. 2010; 72 (4): 504-507. 
46. Chen KC, Chuang CM, Lin LY.The polyphenolics 
in the aqueous extract of Psidiumguajava kinetical-
ly reveal an inhibition model on LDL glycation. 
Pharm Biol. 2010; 48 (1): 23-31.
47. Paniandy JC, Chane-Ming J, Pieribattesti JC. 
Chemical composition of the essential oil and 
headspace solid-phase micro extraction of the 
guava fruit (Psidium guajava L.). Journal of Essential 
Oil Research. 2000; 12(2):153-158.
48. Mitchell S, Gutiérrez RM, Solis RV. Psidiumguaja-

va: a review of its traditional uses, phytochemistry 
and pharmacology. J Ethnopharmacol. 2008; 
117(1):1-27. 

49. Robert DG. Methanol thermodynamic proper-
ties from 176 to 673 K at pressures to 700 Bar. J. 
Phys. Chem. 1987; 16 (4): 800-856.

A REVIEW ON ANTIBACTERIAL PROPERTIES OF EXTRACTS FROM PSIDIUM SPP AND EFFECT OF THE EXTRACTION SOLVENT

Table 1:  Summary of results from selected article
     Staphylococcusaureus  Escherichia coli
            ZONE OF INHIBITION (mm) from different extraction
REFERENCE PLANT PART   M AC E AQ  M AC E AQ
Ismailet.al; Leaf  19.00 - - 20.00 16.70 - - 20.00
2012
Omoregie Leaf  30.00 - 24.00 - 30.00 - 00.00 - 
et.al; 2010   32.00 - 29.00 - 30.00 - 00.00 -
Bansode and  Leaf  - - - - 05.00 04.00 03.00 -
Chavan, 2014
Joseph and  Leaf  15.00 18.00 - - - - - -
Priya, 2010
Nath and  Leaf & Twig 08.00 10.00 - 10.00 05.00 06.00 - 05.00
Bhattacharjee
2015 
Taheraet.al; Fruit (skin+core) 00.00 - 09.21 09.00 09.13 - 00.00 10.00
2014    07.50 - 09.25 07.50 00.00 - 09.97 00.00
Malaviya and  Fruit  - - 00.00 11.00 - - 05.00 10.00
Mishra, 2011
Esimoneet.al;Stem bark  12.00 - - 10.00 - - - -
2012
Mushtaqet.al; Leaf  14.50 16.00 - - - - - -
2014 
Aliet.al; Leaf   02.00 - - 01.00a 00.00 - - 00.00a

2014       01.50b    00.00b

Balangcod Leaf  13.00 - - - 14.00 - - -
et.al;2012 
Zahidah Seed   - - - 00.00 - - - 00.00
et.al; 2013 Leaf  - - - 10.50 - - - 00.00
Anaset.al; Leaf  14.00 15.00 - 15.00 - - - -
2007    14.00 14.00 - 12.00 - - - -
    21.00 20.00 - 13.00 - - - -
    14.00 15.00 - 13.00 - - - -
Romasiet.al; Leaf  - - - 00.00 - - - 00.00
2006
Tauraet.al; Leaf  - - 10.00 - - - 00.00 -
2014
Thiyagarajan Leaf  - - - - 25.00 - 20.00 13.00b

AndJamal,et.al;
 2015   - - - - 27.00 - 22.00 15.00 b

            
M= Methanol, AC= Acetone, E= Ethanol, AQ= Aqueous
a= cold water, b=hot water, - = not evaluated
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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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Figure 1: Total inhibition activity of all extraction solvent against test organisms

Figure 2: Activity index od extraction solvent for S.aureus

Zone of inhibition (mm)

e
xt

ra
c

tio
n 

so
lv

e
nt

Aqueous

Ethanol

Acetone

Methanol

-50 0 50 100 150 200 250 300

E.coli S. aureus

Staphylococcus aureus

Aqueous
0%

Ethanol
21%

Acetone
10%

Methanol
69%



52 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2016, VOL. 5 (03)

INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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A REVIEW ON ANTIBACTERIAL PROPERTIES OF EXTRACTS FROM PSIDIUM SPP AND EFFECT OF THE EXTRACTION SOLVENT

Figure 3: Activity index of extraction solvent for E. coli

Figure 4: Comparison of inhibition zone by different solvent
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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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