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Abstract:
Microbes are gaining resistance against chemotherapeutic agents (mostly 
antibiotics). Thus in recent times it has become very essential to search relatively 
safe, cheap and effective therapeutics from the plant source. 

The objective of the current study is to determine the antibacterial activity of 
Typha angustata Bory and Chaub. aqueous crude extract against bacteria 
isolated from the patients having different types of wound. A total of 50 clinical 
samples were obtained from patients having a wound, after their consent. Twenty 
isolates of pure bacterial cultures were detected. Escherichia sp. was found to 
be the predominant agent isolated from the wound infections (30%) followed 
by Staphylococcus spp. (25%), Streptococcus spp., (25%), and Pseudomonas 
sp., (20%). Sensitivity of the bacterial isolates were tested against selected 
antibiotics: CIP- ciprofloxacin; OFX- oflaxacin; CN- gentamycin; P- penicillin; 
OX-oxacillin; E- erythromycin, PB- polymyxin B LEV- levofloxacin;  OFX- 
oflaxacin ; AMP- ampicillin; and TE-tetracyclin. The antimicrobial activity of T. 
angustata inflorescence crude extract was determined by well diffusion method. 
The results revealed that inhibition zone for Staphylococcus spp isolates 
were found to be in the range of (13mm-19mm), Streptococcus sp  isolates 
(16mm-19mm), Psuedomonas sp. (18mm-20mm) and Escherichia sp. (16mm-
19mm). The Minimum Inhibitary Concentration (MIC) and Minimum Bacterial 
Concentration (MBC) values of T. angustata inflorescence crude extract against 
isolated species from wound samples were recorded in the range of (30-120mg/
ml).

The results of this study indicate that T. angustata has potential to be developed 
into antibacterial agent against resistant and susceptible bacteria that are mainly 
responsible for causing wound infections.

Keywords: Clinical isolates, Wound infection, Antibiotic sensitivity, Typha 
angustata inflorescence crude extract, MIC, MBC.

Introduction 
The positive manipulation of a wound is to restore its environment and 
physiology. The primary factors required to restore environments are adequate 
moisture level, temperature control, pH regulation and bacterial burden control 
(Rolstad et al., 2012).  Till date, strategies that are used to control bacterial 
burden includes 1) debridement 2) appropriate wound cleansing 3) appropriate 
infection control precautions 4) use of antimicrobials and 5) use of a moisture 
retentive dressing.
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AGJSR AGJSRAGJSRSurgical site is the common nosocomial infections in developing countries. Other wound 
related infections include diabetic foot ulcer infection, burn wound infection, bite wound 
infection and pressure ulcer infection (Bhalchandra et al., 2018). Gram positive cocci 
such as Staphylococcus epidermidis, Staphylococcus aureus, Streptococcus spp. 
and Gram negative bacilli such as Pseudomonas aeruginosa, Klebsiella pneumonia, 
Escherichia coli and Proteus species are the most common pathogenic bacteria isolated 
from wounds (Pallavali et al., 2017). Acute inflammatory episodes are associated with 
erysipelas and cellulitis are common complications of wounds in lymphoedema patients 
and most infections are caused by group A, C or G Streptococci and Staphylococcus 
aureus (Keeley and Riches, 2009).

Microorganisms responsible to cause cellulitis in lymphoedematous limbs and chronic 
wound infections include Staphylococci sp., Psuedomonas sp., Streptococci sp., etc. 
(Eagle, 2007). Fungal infections are also common due to the moisture that is formed 
between skin folds, resulting in skin breakdown, which in turn leads to infection in the 
macerated regions. Inflammation of the lymphatic system is also seen due to bacterial 
infection after invasion through skin wounds or abrasions that leads to lymphagitis (Park 
et al., 2016). 

Excessive use of antibiotics causes destruction to human health, environment and 
ecosystem. It increases the incidence of drug resistant pathogens (Jastaniah, 2014). 
Thus, antibiotic resistance is a worldwide major problem that is increasing and has 
implications for mortality, morbidity and health care both in hospitals and in the community 
(Mill Robertson et al., 2015).

Most of the pathogenic bacteria have ability to obtain the resistance factor to the 
antimicrobial drugs, thus development of multiple drug resistant bacteria causes failure 
in the treatment of infectious diseases (Mill Robertson et al., 2015; Bisht et al., 2009). 
Therefore, it is necessary to search and design the alternative approaches to control 
resistant bacteria. One of the best possible strategies is the rationale localization of 
bioactive phytochemicals with antibacterial activity (Jastaniah, 2014; Ushimaru et al., 
2007).

Recent estimation indicates that about 80 million people worldwide still depend on plants 
for their health needs. In developed and under developed countries, rural people rely on 
herbal medicines for the treatment of various diseases as they are cheaper and believed 
to have fewer side effects (Steenkamp et al.,2004; Muthu et al., 2006).

Medicinal plants are used for the treatment of infectious diseases and external wound 
infections (Adetutu et al., 2011). Moreover, these plants have added benefit of reducing 
many side effects associated with synthetic antimicrobials (Parekh and Chanda, 2007; 
Landis, 2008). Folkloric medicines are unexplored resource for the discovery and 
development of potential new medicines. These medicines are used against microbial 
infections, reducing emergence of resistant microorganism and adverse reactions. Also, 
medicinal plants offer several advantages in being affordable, accessible and readily 
available (Ali and Ju, 2001). Several ethnobotanical studies have reported that the 
endemic plants have been used by many traditional healers for the range of ailments 
including wound infections. However, the scientific evidence available regarding the 
antimicrobial activity of Typha angustata inflorescence against wound associated 
pathogens are still lacking (Saha et al 2021). This study, therefore, aimed to test the 
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wound associated bacteria.

Material and Methods
Plant collection
Fresh inflorescence of Typha angustata Bory and Chaub (Family: Typhaceae) were 
collected in the month of July 2019 from the campus of Uka Tarsadia University, Bardoli, 
Gujarat, India. The plant was authenticated (Voucher no- SAHA/CGBIBT/019) at Navsari 
Agriculture University, Navsari, Gujarat. The inflorescences were shade dried for 2-3 
weeks and subjected later for extraction.

Extract Preparation
The extraction procedure was performed according to the method described by Handa 
et al., (2008). Known weight 100g of shade dried inflorescences was extracted with 200 
ml of distilled water using Soxhlet apparatus. Extraction was continued for 5-6 refluxing 
cycles. The extract thus obtained was filtered using Whatman N1 filter paper. The 
inflorescence crude aqueous extract was concentrated by rota-evaporator at 50-60ᵒC. 
The extract was stored at 4ᵒC for antibacterial activity assay. 

Bacterial samples
Wound samples were collected from patients with different wound infections. Samples 
were collected after wound surface was cleansed with normal saline. The inner surface 
of the infected area was gently swabbed. The swabs were immediately transferred into 
a tube containing nutrient broth media until further investigations (Manikandan and 
Amsath, 2013).

Identification of bacterial isolates 
Identification of isolates was based on colony morphology and biochemical tests (Triple 
sugar iron test, Methyl red test, Voges Proskauer, Citrate utilization test, Indole test, 
various sugar fermentation tests). The collected Gram positive and Gram negative 
isolates were identified according to Bergey’s Manual of Systematic Bacteriology (1989) 
and Cheesebrough (1984).

Preparation of inoculums
The inoculums were standardized to give density of 106 colony- forming units (CFU/
ml). For standardizing, a loopful of test organism was inoculated into sterile nutrient 
broth and incubated at 3°C for 24 hours. 0.2ml from the 24 hour culture of the organism 
was dispensed into 20ml sterile nutrient broth and incubated for 4-5 hours to obtain 
106 CFU/ml (corresponding to 0.5 McFarland standards). To avoid any changes in 
the inoculum’s density, plates were inoculated within 15 minutes of standardizing the 
inoculums (Abalaka et al., 2012).

Antibiotic sensitivity test
The isolated bacterial species were assessed for the sensitivities against different 
antibiotics based on disc diffusion (Kirby-Bauer) technique (Bauer et al., 1966) as 
described by Saif et al. (2017).

Antibacterial assay
Antibacterial assay was carried out by agar well diffusion method as described by Das 
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AGJSR AGJSRet al. (2013). 100 µl of standardized inoculum of fresh microbial culture was spread on 
Muller Hilton agar plate.  Wells were punched off into the agar medium with sterile cork 
borer. Under aseptic condition, well was filled with 100µl of T. angustata inflorescence 
aqueous crude extract at concentration (500µg/ml). DMSO was used as a negative 
control. After 1 hour, plates were incubated in an upright position at 37°C for 24 hours. 
The screening for antibacterial activity was evaluated by measuring zone of inhibition in 
(mm). 

Determination of Minimum Inhibitory Concentration (MIC)
The lowest concentration of the drug which will inhibit growth i.e. minimum inhibitory 
concentration of the drug was measured by observed turbidity in the test tube (CLSI, 
2016). The MIC of the inflorescence aqueous crude extract was determined using 
methods described by Usman et al. (2014) and Wiegand et al., (2008). Serial dilution of 
the extract was done to obtain concentrations of 7.5µg/ml, 15µg/ml, 30µg/ml, 60µg/ml, 
120µg/ml, 240µg/ml and 480 µg/ml. 100 µl of standardized culture of tested organisms 
were inoculated into each tube containing nutrient broth and plant extract and incubated 
at 37°C for 24 hours. Tube containing nutrient broth inoculated with bacteria was used 
as positive control. 

Results and Discussion
Tissue repair that are results of cellular response is ordered with regulated intercellular 
communication. Tissue repair is frequently depicted as consecutive, congruous phases: 
haemostasis, inflammation, proliferation and remodelling. Deregulation of this ordered 
cellular event results into impaired healing, leads to manifestation of chronic non healing 
wounds, tumor formation and excessive scarring (Goldberg and Diegelmann, 2010). 
Deregulation is generally caused due to microbial invasion and repetitive injury.

From 50 specimens collected, total 20 (40%) yielded pure bacterial culture. The bacterial 
isolates from the wounds were as follows: 14 (70%) isolates were Gram positive and 6 
(30%) isolates were Gram negative. The detected organisms were 5 (25%) Staphylococcus 
spp., 5 (25%) Streptococcus spp., 4(20%) Pseudomonas sp., 6 (30%) Escherichia sp. 
Our findings correlate with (Zhang et al., 2014) who reported predominance of E. coli, 
S. aureus, K. pneumoniae, and P. aeruginosa in pus samples from patients with severe 
intra-abdominal infection. Report of Bessa et al. (2015) states that S. aureus was the 
dominant bacterial species from wound followed by P. aeruginosa, P. mirabilis, E.coli 
and Corynebacterium spp. Several reports (Misic et al., 2014; Lockhart et al., 2004) have 
also implicated Pseudomonas, Staphylococcus, Streptococcus, Klebsiella, and E. coli in 
wound infections.

Staphylococcus spp.showed high sensitivity to oflaxacin, gentamycin, oxacillin and 
erythromycin (100%) (Table -1), in the same table, Staphylococcus spp. isolates 
St. 1,3,5 were (resistant) to penicillin. Isolate St.4 showed intermediate sensitivity 
against ciprofloxacin. Whereas, isolates St.2 and St. 5 were resistant to ciprofloxacin. 
Streptococcus spp showed high sensitivity to oflaxacin, erythromycin (100%), Isolate 
Sa. 2 was resistant to penicillin and was intermediate to ciprofloxacin. Isolate Sa.3 was 
resistant to penicllin and gentamycin. 
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genus Staphylococcus and Streptococcus against standard antibiotics

Bacterial 
Sam-ples CIP OFX CN P OX E

Staphylococcus  sp.
St.1 S S S R S S
St.2 R S S S S S
St.3 S S S R S S
St.4 I S S S S S
St.5 R S S R S S

Streptococcus sp.
Sa.1 S S S S S S
Sa.2 I S S R I S
Sa.3 S S R R S S
Sa.4 S S S S S S
Sa.5 S S S S S S

The diameters of the inhibition zones were interpreted according to CLSI (2016), The 
isolates were reported as R- resistant, I- intermediate and S- Sensitive. Where CIP- 
ciprofloxacin; OFX- oflaxacin; CN- gentamycin; P- penicillin; OX-oxacillin; E- erythromycin
Pseudomonas sp. showed 100% sensitivity against ciprofloxacin, moderate sensitivity 
against levofloxacin and polymyxin B (92.3%); 50% isolates showed resistance to 
oflaxacin shown in (Table-2). The individual members of fluoroquinolones demonstrate 
different spectra of activity and pharmacokinetic profiles, DNA gyrase (topoisomerase II) 
and DNA topoisomerase IV (Aldred et al. 2014). These drugs trap a reaction intermediate 
containing quinolone enzyme and broken DNA, that leads to the blockage of DNA 
replication. While for some bacteria death occurs within hours. In addition, polymyxins 
binds to the cell membrane and alter its structure. This results into an increase 
permeability of the cell envelop consisting of the cell wall and cytoplasmic membrane. 
Subsequently, cell death occurs due to leakage of cell contents (Parija, 2012). Hooper 
and Jacoby (2015) reported that resistance is due to changes in DNA gyrase enzyme 
and/or the topoisomerase enzymes or by the defective function of porine channels. 
Saha et al. (2017) and Bhalchandra et al. (2018) reported that P. aeruginosa strains 
were sensitive to levofloxacin, polymyxinb and ciprofloxacin and showed high resistance 
against ceftazidme and aztreonam.

Table 2: Susceptibility test of clinical isolates from different type of wounds belonging to 
genus Psuedomonas against standard antibiotics

Bacterial Sam-ples CIP LEV OFX PB
Psuedomonas sp.

P.1 S S S S
P.2 S S S R
P.3 S R R S
P.4 S S R S

The diameters of the inhibition zones were interpreted according to CLSI (2016), The 
isolates were reported as R- resistant, I- intermediate and S- Sensitive. Where CIP- 
ciprofloxacin; LEV- levofloxacin; OF-oflaxacin; PB- polymyxin B.
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Escherichia sp. isolates showed 100% sensitivity against ampicillin and tetracycline. Few 
isolates were variant (resistant or sensitive) to levofloxacin. Few isolates were variant 
(intermediate or sensitive) to oflaxacin. Escherichia coli isolates sensitivity against 
levofloxacin was found to be (92.3%) as shown in (Table-3). Similar observations have 
been reported by Yakha et al.(2015); Gomatheswari and Jeyamurugan (2017), and Saha 
et al.(2017) that imipenem, amikacin, and gentamycin were very effective drugs against 
E. coli isolates but presented resistance against cefuroxime, ciprofloxacin, ofloxacin, 
cefotaxime, and ampicillin.

Table 3: Susceptibility test of clinical isolates from different type of wounds belonging to 
genus Escherichia against standard antibiotics

Bacterial Sam-ples CIP LEV OFX AMP TE
Escherichia sp.

E.1 S S S S S
E.2 S S I S S
E.3 S R S S S
E.4 S S I S S
E.5 S S S S S
E.6 S R S S S

The diameters of the inhibition zones were interpreted according to CLSI (2016), The 
isolates were reported as R- resistant, I- intermediate and S- Sensitive. Where CIP- 
ciprofloxacin; LEV-levofloxacin;  OFX- oflaxacin ; AMP- ampicillin; TE-tetracyclin.

The aqueous crude extract of T. angustata inflorescence represented antibacterial 
activity against most of the sensitive and resistant isolates (Table-4). The diameter 
of zone of inhibition for Staphylococcus spp isolates were found to be in the range of 
(13mm-19mm), Streptococcus sp  isolates were found to be in the range of (16mm-
19mm), Psuedomonas sp. isolates were found to be in (15mm-20mm). Escherichia sp. 
isolates were found to be in (15mm-19mm). The anti-microbial activity exhibited by the 
T.angustata inflorescence aqueous crude extract might be attributed to its broad-spectrum 
nature. High MIC was recorded for Staphylococcus spp., (St. 1,2), Streptococcus sp. 
(Sa.5), Escherichia sp. (E3) with 60 µg/ml, MBC found to be 120 µg/ml. Lower MIC 
values were observed for Staphylococcus spp.(St. 3,4,5) Streptococcus sp. (Sa.1,2,3,4). 
Psuedomonas sp. (P.1,2,3,4) and Escherichia sp. (E.1,2,4,5,6) with 30 µg/ml. Whereas, 
MBC found to be 60 µg/ml (Table-5).

Table 4: Antimicrobial activity in(mm)of T. angustata inflorescence aqueous crude 
extract (in mm) against  isolates from wound.

Bacterial  Isolates Diameter of  inhibition zone in mm
Staphylococcus  sp. 19

St.1 16
St.2 13
St.3 19
St.4 19
St.5 19

Streptococcus sp. 19
Sa.1 18
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Sa.3 19
Sa.4 19
Sa.5 16

Psuedomonas sp. 19
P.1 18
P.2 19
P.3 20
P.4 18

Escherichia sp. 18
E.1 18
E.2 17
E.3 16
E.4 17
E.5 18
E.6 19

Table 5: Determination of MIC and MBC of Typha angustata inflorescence aqueous 
crude extract against Clinical Isolates

Concentrations of T. angustata L. inflorescence aqueous extract in µg/ml MIC
µg/ml

MBC
µg/ml

Bacterial  Isolates 7.5 15 30 60 120 240 480
Staphylococcus  sp.

St.1 + + + + - - - 60 120
St.2 + + + + - - - 60 120
St.3 + + + - - - - 30 60
St.4 + + + - - - - 30 60
St.5 + + + - - - 30 60

Streptococcus sp.
Sa.1 + + + - - - - 30 60
Sa.2 + + + - - - - 30 60
Sa.3 + + + - - - - 30 60
Sa.4 + + + - - - - 30 60
Sa.5 + + + + - - - 60 120

Psuedomonassp.
P.1 + + + - - - - 30 60
P.2 + + + - - - - 30 60
P.3 + + + - - - - 30 60
P.4 + + + - - - - 30 60

Escherichia sp.
E.1 + + + - - - - 30 60
E.2 + + + - - - - 30 60
E.3 + + + + - - - 60 120
E.4 + + + - - - - 30 60
E.5 + + + - - - - 30 60
E.6 + + + - - - - 30 60
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showing growth, - showing no growth.

The minimum inhibitory concentration (MIC) is defined as the lowest concentration of 
antimicrobial agent that inhibits the visible growth of microorganisms after overnight 
incubation. The MBC is complementary to the MIC. It demonstrates that lowest level 
of antimicrobial agent that results in microbial death after sub culturing the organism in 
an antibiotic free media (Owuama, 2017). The MIC is used to evaluate the antimicrobial 
effectiveness of new compounds or plant extracts by measuring the effect of decreasing 
the antimicrobial concentration. Antimicrobial agents with lower MIC are considered 
to be more effective. The MIC values obtained from the present study indicates that 
aqueous extract of Typha angustata Bory and Chaub inflorescence was more potent 
against Staphylococcus spp.,(St. 3,4,5) Streptococcus sp. (Sa.1,2,3,4). Psuedomonas 
sp. (P.1,2,3,4) and Escherichia sp. (E.1,2,4,5,6), which agrees with the initial antimicrobial 
screening test results (agar well diffusion test). The results of our study are in linewith 
those of previous report from Jordan (Kouadri, 2018). The differences in bacterial 
susceptibility could be due to variations in intrinsic tolerance of micro-organisms, or the 
physio-chemical properties of phytochemicals present in the crude extracts of the plant 
materials (Kouadri, 2018). The MBC/MIC ratio was determined for T. angustata aqueous 
crude extract was bactericidal or bacteriostatic at the tested concentrations. The MBC/
MIC ratio greater than 4 is usually considered to be a bacteriostatic effect; whereas values 
less than 4 show bactericidal effects; (Venkateswarulu, 2019). Accordingly, T. angustata 
aqueous extract was shown to have bactericidal effects against studied wound isolates.

Conclusion
The present study revealed that Staphylococcus sp., Streptococcus sp., Psuedomonas 
sp., Escherichia sp., were the most common isolates that are associated with wound. 
The susceptibility test of clinical isolates was carried out against standard antibiotics like 
oflaxacin, gentamycin, penicillin, oxacillin, erythromycin, levofloxacin, polymyxin B etc. 
The susceptibility tests confirmed several sensitive, intermediate and resistant strains. 
These isolates when exposed to different concentrations of aqueous crude extract. The 
The findings of current study revealed that aqueous extract from the inflorescences of 
Typha angustata Bory and Chaub has good potential as a antimicrobial agent. However, 
further study need to be conducted. In addition, probable mechanisms of the possible 
antimicrobial activity should also be studied against wound associated bacteria.
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 Typha angustata نشاط مضادات الميكروبات من إزهار
Bory and Chaub ضد البكتيريا المصاحبة للجروح

المُـسـتخَـلصَ  
ــن المضــادات  ــا م ــي )معظمه ــاج الكيميائ ــل الع ــة ضــد عوام ــات مقاوم تكتســب الميكروب
الحيويــة(. وهكــذا أصبــح مــن الضــروري فــي الآونــة الأخيــرة البحــث عــن علاجــات آمنــة 

ــة نســبياً مــن مصــدر النبــات. ورخيصــة وفعال

 Typha angustata الهــدف مــن الدراســة الحاليــة هــو تحديــد النشــاط المضــاد للبكتيريــا لـــ 
Bory and Chaub. مســتخلص خــام مائــي ضــد البكتيريــا المعزولــة مــن المرضــى الذيــن 
يعانــون مــن أنــواع مختلفــة مــن الجــروح. تــم الحصــول علــى مــا مجموعــة 50 عينة ســريرية 
مــن المرضــى الذيــن يعانــون مــن الجــروح، بعــد موافقتهــم. تــم الكشــف عــن عشــرين عزلــة 
مــن الثقافــات البكتيريــة النقيــة. Escherichia sp. وجــد أنــه العامــل الســائد المعــزول مــن 
التهابــات الجــروح )٪30( يليــه المكــورات العنقوديــة. )٪25(، المكــورات العقديــة، )25٪(، 
ــادات  ــد مض ــة ض ــة المعزول ــية البكتيري ــار حساس ــم اختب وPseudomonas sp.(20٪. ت
حيويــة مختــارة: CIP-  سيبروفلوكساســين. OFX- oflaxacin ، CN- جنتامايســين. ف- 
البنســلين. OX-oxacillin. E- الإريثروميســين ، PB- بوليميكســين B LEV- ليفوفلوكساســين 
؛ OFX- oflaxacin ؛ AMP- الأمبيسلينســي.  تــم تحديــد النشــاط المضــاد للميكروبــات 
ــة  ــج أن منطق ــر. كشــفت النتائ ــة نشــر البئ لمســتخلص إزهــار T. angustata الخــام بطريق
تثبيــط المكــورات العنقوديــة المعزولــة spp كانــت فــي نطــاق )13 مــم 19- مــم(، المكــورات 
العقديــة sp المعزولــة )16 مــم 19- مــمPsuedomonas sp. (18 ، ) مــم 20- مــم( و 
 )MIC( تــم تســجيل قيــم الحــد الأدنــى للتركيــز المثبــط .)مــم 19- مــم Escherichia sp. (16
والحــد الأدنــى للتركيــز البكتيــري )MBC( لمســتخلص T. angustata الإزهــار الخــام ضــد 

الأنــواع المعزولــة مــن عينــات الجــرح فــي نطــاق )30-120 )مجــم / مــل.

تشــير نتائــج هــذه الدراســة إلــى أن T. angustata يمكــن تطويــره ليصبــح عامــاً مضــاداً 
ــا المقاومــة والحساســة المســؤولة بشــكل رئيســي عــن التســبب فــي  ــا ضــد البكتيري للبكتيري

ــات الجــروح. التهاب

ــة،  ــح الكلمــات: العــزلات الســريرية ، عــدوى الجــرح، حساســية المضــادات الحيوي  مفاتي
.MBC, MIC, Typha angustata Bory and Chaub مســتخلص الخــام الإزهــار
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