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Abstract: 
The inhibitory effect of acetone, ethanol, and aqueous extracts of ten medicinal plants on β-

lactamase from Staphylococcus sciuri and Klebsiella pneumoniae was investigated in vitro by starch-iodine 

agar plate method. The results revealed the success of starch-iodine method for the detection of the inhibition 

of β-lactamase activity by the various extracts of each individual plant. The acetone extracts of Catharanthus 

roseus, Eucalyptus camaldulensis, and Schinus terebinthifolius induced an inhibitory effect on β-lactamase 

from Staphylococcus sciuri. On the other hand, acetone extracts from only Eucalyptus camaldulensis, and 

Schinus terebinthifolius expressed strong inhibitory effect on β-lactamase from Klebsiella pneumoniae. The 

acetone extracts expressed the highest inhibition for β-lactamases activity compared to ethanolic and aqueous 

extracts which exhibited appreciable inhibitory effect. β-lactamase from S. sciuri was inhibited by extracts 

from C. roseus, E. camaldulensis and S. terebinthifolius whereas β-lactamase from K. pneumoniae was 

inhibited only by extracts from E. camaldulensis and S. terebinthifolius. 

 

Key words: Antibacterial activity, Klebsiella pneumonia, Medicinal plants, β-lactamase, Staphylococcus 

sciuri. 

 

Introduction: 
β-lactamase catalyzes the hydrolysis of the β-

lactam ring, thereby inactivating β-lactam 

antibiotics(1). β-lactam is one of the most essential 

groups of antibiotics. In bacteria, the crucial method 

of β-lactam resistance is the production of β-

lactamase which inhibits the β-lactams by way of 

disrupting the amide bond of their β-lactam ring (2).  

The incidence of multi-drug resistance 

bacteria has been increasingly reported currently 

among Gram-negative and Gram-positive bacteria 

(3). Thus, other antimicrobial bacterial agents are 

necessary to be advanced to control bacteria with 

multi-drug resistant. To face this challenge, there 

has been increasing interests to discover 

antimicrobial agents from medicinal plant extracts 

as an alternate strategy (4, 5, 6).  

The application of β-lactamase inhibitors 

coupled with β-lactam antibiotic is now the 

foremost valuable strategy to treat a range of 

infections. The role of these enzyme inhibitors is 

the inhibition of the β-lactamase in the periplasmic 

space. Inhibitors of β-lactamase including 

tazobactam, sulbactam, and clavulanic acid are 

extracted from natural products or manufactured for 

improving the drugs. However, bacterial resistance 

to these inhibitors has considerably increased (7).  

Traditionally, the use of plants in illness 

treatment has deep roots in human's history (8). The 

practice of natural compounds with therapeutic 

features is as ancient as man civilization. Animal, 

plant and mineral products remain the basic sources 

of drugs (3). Several publications described activity 

of medicinal plants as β-lactamase inhibitors (9) 

either as extracts or products (10, 7, 2).  

The present work aims to isolate, purify β-

lactamase from Staphylococcus sciuri and Klebsiella 

pneumonia and study the effect of various extracts 

from ten medicinal plants on their enzyme activities.  

 

Material and Methods: 
Bacterial strains  

Staphylococcus sciuri and Klebsiella 

pneumonia used in the present study were taken 

from Clinical Microbiology Lab in Faculty of 

Medicine, Mansoura University, Dakahlia 

Governorate, Egypt. They were screened for β-
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lactamase production and identified in the Lab of 

Microbiology, Mansoura University hospital for 

children using Microscan Walk A way system.  

 

Preparation of β-lactamase extract 

The isolation and enzyme purification from 

both bacteria were carried out according to Ranade 

et al. (11) at 4ºC by 80% ammonium sulphate 

precipitation, DEAE-cellulose and Sephadex G-200 

column. β-lactamase activities were 327 and 268 

units per min form K. pneumoniae and S. sciuri 

whereas the specific activities were 280 and 230 

units min 
-1

mg
-1

 protein, respectively.  

 

Collection of medicinal plants  

The leaves of ten medicinal plant species 

(Fig. 1) were collected from the garden of 

Mansoura University, Dakahlia Governorate, 

Egypt. The plants were identified by Prof. Dr El-

Sayed El-Halawany, Prof. of Plant ecology, 

Botany Department, Faculty of Science, 

Mansoura University, Egypt. 

  
(Azadirachta indica)                                              (Carica papaya) 

  
(Catharanthus roseus)                                    (Ceratonia silique) 

            
(Eucalyptus camaldulensis)                               (Ficus sycomorus) 

    
(Moringa oleifera)                                      (Ocimum basilicum) 
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(Schinus terebinthifolius)                              (Withania somnifera) 

Figure 1. The ten investigated medicinal plants. 

 

Preparation of plant extracts 

Fresh leaves from each tested plant were 

totally rinsed with running water twice, air dried 

and stored at room temperature (12). The dried 

tested leaves were pulverized with blender and then 

stored at room temperature until use. Acetone, 

ethanol and aqueous extracts were accomplished 

according to Djeussi et al. (13). The resulting 

mixture was macerated using a shaker incubator for 

24 h at 37°C.  The residual solvent was removed by 

evaporator and stored at 4°C. The crude extracts 

were kept in sterilized containers at 4˚C till uses.  

Effect of medicinal plant extracts on β -lactamase 

in vitro by starch-iodine agar plate method  

A sample of 0.5 ml of iodine solution (5 g 

of iodine and 15 g of KI were dissolved in 100 ml 

of distilled water) was added to the plate filled with 

the hot agar solution (each 100 ml distilled water 

contained 500 mg soluble starch and 2g agar). The 

solution was stirred and left at room temperature 

for solidification before use in a lapse of 4 h (14). 

Screening test   

Thirteen wells of 5 mm in diameter were 

nicked in the prepared plates by a sterile Cork 

borer. A negative control was represented by well A 

that contained 0.1 ml of phosphate buffer (pH 7.0) 

plus 0.1 ml of penicillin G (50 mg ml
-l
 in the same 

buffer). Well B was filled with 0.05 ml of phosphate 

buffer (pH 7.0) and 0.05 ml of β -lactamase 

solution with 0.1 ml of penicillin G (50 mg ml
-l
). 

As positive control, well C contained 0.05 ml of β -

lactamase solution, 0.05 ml of HgCl2  and 0.1 ml of 

penicillin G (50 mg ml
-l
) after 10 min. Wells (1-10) 

were filled with 0.05 ml of plant extracts solution 

(10  mg ml
-l
),  0.05 ml of β-lactamase solution and 

0.1 ml penicillin  G  (50 mg ml
-l
).  Well D 

contained plant extract, penicillin and β-lactamase 

solutions. The concentration 10 mg ml
-l 

of plant 

extract
 
was chosen since it was the most effective 

one after testing various concentrations. 

The prepared plates were then incubated 

for 30 min at 35 °C. The resulted transparent zones 

around the wells were measured in millimeters (Fig. 

2). The inhibition rate can be calculated as follows: 

Inhibition rate (%) =
Zone diameter without inhibitor −  

 zone diameter with inhibitor
 Zone diameter without  inhibitor – 5∗ 

 × 100 

 5
*
 is the diameter of well. The data were expressed 

as mean ± standard deviation (SD) of three 

replicates. 

 
Figure 2. Starch-iodine agar plate for screening 

of β-lactamase inhibitor.  Well A contained 

penicillin solution (negative control). However, 

well B contained a mixture of β-lactamase and 

penicillin solutions. On the other hand, Well C 

contained β-lactamase, HgCl2, and penicillin 

solutions (positive control). Well D contained 

plant extract, penicillin and β-lactamase solutions 

(14).  

 

Results: 
The results presented in Table 1 and Fig. 3 as 

well as Table 2 and Fig. 4 proved that the starch-

iodine method could be applied for detection of 

beta-lactamase inhibition from the various plant 

extracts. Since only penicillin G cannot react with 

iodine, there was no transparent zone around well 

A.  

Penicillin G is broken by β-lactamase to 

penicillinoic acid which in turn reacts with iodine 

forming a colorless complex, which appeared as 

clear transparent zone surrounding well B. Since 

HgCl2 is an inhibitor of beta-lactamase activity, no 

transparent zone was observed surrounding well C 
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similar to that of negative control of well A. Since 

transparent zones were formed around the 10 wells 

which were filled with plant extracts; this revealed 

the activity of beta-lactamase by the plant extracts.  

The results showed that extracts from three 

plants (C. roseus, E. camaldulensis and S. 

terebinthifolius) expressed an inhibitory effect on β-

lactamase originated from S. sciuri. The inhibition 

rate of the acetone extract of C. roseus attained 

80%, followed by its ethanol extracts (65%) then its 

aqueous extract (25%). In case of E. camaldulensis, 

the inhibition rate of its acetone extract was 70%, 

then the inhibition rate of its ethanol and aqueous 

extracts reaching 55% and 10%, respectively. 

Extract of S. terebinthifolius expressed similar 

inhibition rate on β-lactamase as those of E. 

camaldulensis, acetone extract (70%) aqueous 

(15%) and ethanol extracts (55%).  

On the other hand, extracts from E. 

camaldulensis and S. terebinthifolius showed an 

inhibitory effect on β-lactamases derived from K. 

pneumoniae. The inhibition rate of acetone extract 

from E. camaldulensis reached 75%, while its 

aqueous and ethanol extracts inhibited 15% and 

55% of the enzyme activity, respectively.  

The inhibition of β-lactamase by acetone 

extract of S. terebinthifolius reached 80%, but its 

aqueous and ethanol extracts inhibited 25% and 

65%, respectively. Thus, the results of the current 

study indicated that acetone extracts expressed the 

strongest inhibition (ranging 70-80%) on β-

lactamase activity of both origins compared to their 

aqueous and ethanolic extracts.  

 

Table 1. Inhibition rate of ten medicinal plant extracts on β-lactamase originated from Staphylococcus 

sciuri. 

Inhibition rate (%) 
The diameter of the transparent 

zones (mm) 
Plants NO. 

Ethanol 

extract 

Aqueous 

extract 

Acetone 

extract 

Ethanol 

extract 

Aqueous 

extract 

Acetone 

extract 
  

      Control wells  

   0 0 0 Penicillin G A 

   25±0.5 25±0.4 25±0.6 Enzyme + penicillin G B 

   0 0 0 HgCl2+ Enzyme +  penicillin G C 

0 0 0 25±0.7 25±0.6 25±0.6 A. indica 1 

0 0 0 25±0.5 25±0.6 25±0.5 C. papaya 2 

65 25 80 12±0.4 20±0.6 9±0.4 C. roseus 3 

0 0 0 25±0.6 25±0.7 25±0.6 C. silique 4 

55 10 70 14±0.3 23±0.5 11±0.4 E. camaldulensis 5 

0 0 0 25±0.6 25±0.7 25±0.3 F. sycomorus 6 

0 0 0 25±0.4 25±0.8 25±0.6 M. oleifera 7 

0 0 0 25±0.7 25±0.4 25±0.5 O. basilicum 8 

55 15 70 14±0.3 22±0.6 11±0.2 S. terebinthifolius 9 

0 0 0 25±0.4 25±0.8 25±0.6 W. somnifera 10 

 

Each value represents the means of 

triplicates ±SD, A = penicillin G solution (negative 

control), B = β-lactamase solution + penicillin G 

solution, C = HgCl2 solution + β-lactamase solution 

+ penicillin G solution (positive control), Blank = 

Not calculated.  

 

     
Figure 3. (I, II, III): Screening of β-lactamase activity derived from Staphylococcus sciuri by ten plant 

extracts. (I) Inhibitory effect of plant acetone extracts on β-lactamase from S. sciuri. (II) Inhibitory 

influence of plant aqueous extracts on β –lactamase from S. sciuri. (III) Inhibitors influence of plant 

ethanolic extracts on     β -lactamase from S. sciuri.  



Open Access     Baghdad Science Journal                                P-ISSN: 2078-8665 

Published Online First: December 2020                                                            E-ISSN: 2411-7986 

 

51 

A = penicillin G solution (negative control), 

B =β-lactamase solution + penicillin G solution, C = 

HgCl2 solution + β -lactamase solution + penicillin 

G solution (positive control), (1-10 = plants extract 

+ β -lactamase solution + penicillin solution), {1 = 

A. indica, 2=C. papaya, 3=C. roseus, 4=C. silique,  

5 = E. camaldulensis, 6 = F. sycomorus, 7 = M. 

oleifera, 8=O. basilicum, 9 = S. terebinthifolius, 10 

= W. somnifera}. 

 

Table 2. Inhibition rate of ten medicinal plant extracts on β-lactamase derived from Klebsiella 

pneumonia.  

Inhibition rate (%) 
The diameter of the transparent zones 

(mm) 
Plants NO. 

Ethanol 

extract 

Aqueous 

extract 

Acetone 

extract 

Ethanol 

extract 

Aqueous 

extract 

Acetone 

extract 

      Control wells  

   0 0 0 penicillin G A 

   25±0.5 25±0.4 25±0.6 Enzyme+ Penicillin G B 

   0 0 0 
HgCl2+ Enzyme + penicillin 

G 
C 

0 0 0 25±0.7 25±0.6 25±0.7 A. indica 1 

0 0 0 25±0.6 25±0.7 25±0.8 C. papaya 2 

0 0 0 25±0.8 25±0.8 25±0.6 C. roseus 3 

0 0 0 25±0.7 25±0.6 25±0.5 C. silique 4 

55 15 75 14±0.4 22±0.7 10±0.3 E. camaldulensis 5 

0 0 0 25±0.8 25±0.6 25±0.6 F. sycomorus 6 

0 0 0 25±0.6 25±0.8 25±0.4 M. oleifera 7 

0 0 0 25±0.7 25±06 25±0.8 O. basilicum 8 

65 25 80 12±0.4 20±0.7 9±0.3 S. terebinthifolius 9 

0 0 0 25±0.6 25±0.7 25±0.4 W. somnifera 10 

 

Each value represents the means of 

triplicates ±SD, A = penicillin G solution (negative 

control), B = β-lactamase solution + penicillin G 

solution, C = HgCl2 solution + β-lactamase solution 

+ penicillin G solution (positive control), Blank = 

Not calculated.  

 

     
Figure 4. (I, II, III): Screening the inhibition of β-lactamase derived from Klebsiella pneumoniae by ten 

plant extracts. (I) Inhibitory influence of plant acetone extracts on β-lactamase from K. pneumonia. (II) 

Inhibitory influence of plant aqueous extracts on β-lactamase from K. pneumoniae. (III) Inhibitory 

influence of plant ethanol extracts on β-lactamase K. pneumonia.  

 

A = penicillin G solution (negative control), 

B = β-lactamase solution + penicillin G solution, C 

= HgCl2 solution + β-lactamase solution + penicillin 

G solution (positive control), (1-10 = plants extracts 

+ β-lactamase solution + penicillin solution), {1 = 

A. indica, 2=C. papaya, 3= C. roseus, 4= C. silique, 

5 = E. camaldulensis, 6 =  F. sycomorus, 7 = M. 

oleifera, 8= O. basilicum, 9=S. terebinthifolius,  10 

= W. somnifera}. 
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Discussion: 
In the present investigation, starch-iodine 

agar plate was a screening method adopted for the 

detection of β-lactamase inhibitors. This method is 

simple, inexpensive and gives clear visible results 

(15). It is also acceptable for the detection of plant 

extracts which cause inhibition of β-lactamase (16).  

The results in the present investigation 

showed an inhibitory effect of leaf extracts from C. 

roseus, E. camaldulensis and S. terebinthifolius on 

β-lactamase from S. sciuri. However, the extracts 

from A. indica, C. papaya, C. silique, F. 

sycomorus, M. oleifera, O. basilicum and W. 

somnifera did not show inhibition of β-lactamase. 

The results also indicated that leaf extracts 

of E. camaldulensis and S. terebinthifolius 

exhibited an inhibitory effect against the enzyme 

originated from K. pneumoniae. However, extracts 

from A. indica, C.papaya, C. roseus, C. silique,   F. 

sycomorus, M. oleifera, O. basilicum and W. 

somnifera did not show any inhibitory effect on the 

enzyme from K. pneumoniae. 

In support, other plant extracts from 

Terminalia chebula, Terminalia bellirica, and 

Ocimum tenuiflorum inhibited bacterial β-lactamase 

enzyme in vitro (17). Also, Abdallah et al. (7) 

reported the inhibition of β-lactamase by nineteen 

crude extracts from Saudi plants belonging to eight 

families. 

 Solanki and Selvanayagam (18) 

investigated the effect of fifteen plants on    β-

lactamase activity and they have reported that the 

extracts of these plants showed an inhibitory effect 

on β-lactamase activity. Shaikh et al. (5) reported 

that extracts from seeds and peels of various plants 

including brahmi (Bacopa monnieri), gurmar 

(Gymnema sylvestre), satavar (Asparagus 

racemosus), garlic (Allium sativum), baheda 

(Terminalia bellerica), pomegranate (Punica 

granatum) and ginger (Zingiber officinale) inhibited 

β-lactamase activity. Moreover, Akkiraju et al. (3) 

described an inhibitory effect on β-lactamase 

activity by extracts of, Allium sativum, Calotropis 

procera,  Lawsonia inermis, Ocimum sanctum and 

Zingiber officinale. 

Generally, medicinal plants are known by 

their bioactive metabolites such as alkaloids, 

tannins, flavonoids, terpenpoids, phenolics and 

saponins which are inhibitors of β-lactamase (19). 

Boussoualim et al. (20) recorded an inhibitory 

effect of several extracts of Globularia alypum and 

Anchusa  azurea  on a β-lactamase from Bacillus 

cereus and the inhibition was dose-dependent 

manner.    Al Sahli and Abdulkhair (21) reported 

that extracts from Rumex vesicarius L. expressed an 

inhibitory effect on β-lactamase enzyme and 

clavulanic acid was described as the inhibitory 

factor of β-lactamase activity.  

Yang et al. (14) reported that the methanol 

extract of Fissistigma cavaleriei roots showed an 

inhibition of β-lactamase activity and 

salicylsalicylic has been described as the inhibitory 

agent of β-lactamase. Mandal et al (22) found that 

tannic acid, epicatechin, epigallocatechin gallate 

and quercetin as plant constituents inhibited β-

lactamase activity. These authors suggested that the 

highest inhibition rate of β-lactamase was observed 

by epigallocatechin gallatea and tannic acid. 

The results in the present work revealed the 

existence of promising crude plant extracts of some 

examined medicinal plants as inhibitors of β-

lactamase activity from Staphylococcus sciuri and 

Klebsiella pneumonia. These plants were C. roseus, 

E. camaldulensis, and S. terebinthifolius. However, 

further studies are crucial for the analysis of these 

extracts for the identification of the active 

compounds. In addition, other studies are needed to 

assess the absence of toxicity of the most prominent 

tested plant extracts to recommend them as 

alternative approaches for bacterial resistance 

management. 
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 مستخلصات مختلفة لبعض النباتات الطبية كمثبطات لنشاط بيتا لاكتاماز

 
هدى سهيل عبد الحياني 

1
حامد محمد  الشورى            *

2
* 

 
1

 قسم علوم الحياة ، كلية العلوم للبنات ، جامعة بغداد ، العراق 
2

 جمهورية مصر العربية ، المنصورةجامعة  ، قسم النبات ، كلية العلوم 

 
 :الخلاصة

لعشرة نباتات  مستخلصاتبواسطة  Klebsiella pneumoniaeو S. sciuri من  تمت دراسة التأثير المثبط لإنزيم بيتا لاكتاماز

النشا ، وأظهرت النتائج أن  -يود الطريقة طبق أجار بفي المختبر  وقد تمت عملية الاستخلاص باستخدام الاسيتون والايثانول والماء طبية

وقد أظهرت  .المستخدمة قيد البحث النشا يمكن استخدامها للكشف عن مثبطات البيتا لاكتاماز من المستخلصات النباتية -طريقة طبق أجار اليود 

 Schinus الفلفل العريضو  Eucalyptus camaldulensisالكافور  ،Catharanthus roseusوهي الونكا  ثلاثــة مستخــلصات نبــاتية 

terebinthifoliusمنتثبيط بيتا لاكتاماز ل واضحة ( فعالية  Staphylococcus sciuri .نباتاتالجانب الآخر  أظهرت مستخلصات  وعلي 

  المعزول من بيتا لاكتامازل مثبطا( نشاط Schinus terebinthifolius الفلفل العريضو  Eucalyptus camaldulensisالكافور 

Klebsiella pneumoniae. لمن مستخلصات الإيثانوا للإنزيم كثر تثبيطالأأن مستخلصات الأسيتون كانت  وأوضحت النتائج  

بواسطــة المستخلصات النباتية من  سلبا كثر تأثــرا  الأكان  S. sciuriالمعزول من   بيتا لاكتاماز وأظهرت النتائج أن .والمستخلصات المائية

 K. pneumonia.المعزول من  بيتا لاكتــاماز 

 
  , β-lactamase, Staphylococcus sciuri, Klebsiella pneumoniae نشاط مضاد للجراثيم ، نباتات طبية الكلمات المفتاحية:


