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ABSTRACT 
In this study, the in vitro activities of eight phenolic compounds (xanthotoxin, 

imperatorin, quercetin, hydroquinone, catechol, resorcinol, salicylic acid and vanillic acid) 
in the petroleum ether and ethanolic extracts of Ammi majus (Khillah) herb and five 
antibiotics (penicillin, ampicillin, cefotaxime, cephalothin and trimethoprim) against two 
Gram positive bacteria (Staphylococcus aureus and Staphylococcus epidermidis) and three 
Gram negative bacteria (Escherichia coli, Proteus mirabilis and Proteus vulgaris) alone and 
in combination are evaluated. Among the seven Ammi majus extracts, the extract (No.7) 
which contain salicylic acid, resorcinol and quercetin in high concentration showed   
stronger inhibitory activity against all the bacterial isolates studied with inhibition zones    
in the range of (16-23) mm. Staphylococcus aureus and Staphylococcus epidermidis      
were reported to show sensitivity to trimethoprim, ampicillin, penicillin and cephalothin 
respectively with inhibition zones in the range of (10.5-23) mm and resistance to 
cefotaxime. While Escherichia coli, Proteus mirabilis and Proteus vulgaris are more 
resistant to all the antibiotics used. The best synergistic interactions showed trimethoprim 
and ampicillin with all Ammi majus extracts against Staphylococcus aureus and with all 
extracts (except with extract No.7) against Staphylococcus epidermidis, and (ampicillin, 
trimethoprim, cephalothin), (cephalothin, ampicillin), (cephalothin only) with some Ammi 
majus extracts against Proteus vulgaris, Escherichia coli and Proteus mirabilis respectively. 
Hydroquinone enhance the activity of ampicillin against Escherichia coli, while vanillic 
acid inhibit the activity of cephalothin against Escherichia coli and Proteus mirabilis. 
Staphylococcus aureus followed by Staphylococcus epidermidis and Proteus vulgaris were 
the most sensitive microbes to most of the combinations. 

 
Keywords: Interaction, phenolic compounds, Ammi majus extracts, antibiotics, Gram 

positive bacteria, Gram negative bacteria.  
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  Ammi majus عشبة الخلة مستخلصات بعض المركبات الفينولية في التداخل بين
  خارج الجسم اةقتنالجرثومية المالعزلات والمضادات الحيوية ضد عدد من 

  

  خصملال

             لثماني مركبات فينولية وهي) خارج الجسم(الفعالية ضد الجرثومية   تقديرتضمنت الدراسة

زانثوتوكسين، امبيراتورن، كورسيتين، هايدروكوينون، كاتيكول، ريسورسينول، حامض السالسليك ( 

 ة بالاتحاد مع خمسأوالايثانولي لعشبة الخلة لوحدها  في مستخلصات الايثر البترولي و) وحامض الفانيليك

المكورات العنقودية تجاه ) تراي ميثبريم  لين، سيفوتاكسيم، سيفالوثين وبنسلين، امبس( مضادات حيوية وهي 

 الاشيريكية القولونية والمتقلبات بنوعيهاو المكورات العنقودية البشروية الموجبة لصبغة كرامو الذهبية

mirabilis و vulgaris حامض (الذي يحوي المركبات ) 7رقم ( كان المستخلص .السالبة لصبغة كرام

العزلات لكل " بتراكيز عالية هو المستخلص الأكثر تثبيطا) لسليك، الريسورسينول و الكورسيتينالسا

  وظهرت المكورات العنقودية الذهبيةأ .ملم) 23-16(الجرثومية المدروسة و بأقطار تثبيط تراوحت بين 

 و بأقطار  على التوالي)بنسلين و سيفالوثين  امبسلين،،تراي ميثبريم (مضادات الحيويةالبشروية حساسية لل

 الاشيريكية أظهرتفي حين . ملم و مقاومة للمضاد الحيوي سيفوتاكسيم) 23 -10‚5(تثبيط تراوحت بين 

 بينت الدراسة أن أفضل ارتباط تأزري أظهره .القولونية والمتقلبات مقاومة لكل المضادات الحيوية المستخدمة

المكورات العنقودية الذهبية  كل مستخلصات عشبة الخلة ضد امبسلين مع المضادين الحيويين تراي ميثبريم و

، والمضادات الحيوية المكورات العنقودية البشرويةضد ) 7باستثناء المستخلص رقم (  مع كل المستخلصاتو

مع بعض مستخلصات عشبة الخلة ) سيفالوثين(، )سيفالوثين، امبسلين(، ) سيفالوثين،امبسلين، تراي ميثبريم(

بينت . وعلى التوالي mirabilis نوعالاشيريكية القولونية والمتقلبات من ، vulgaris نوعات من المتقلبضد 

كبح   في حين أن حامض الفانيليكالاشيريكية القولونيةالنتائج أن الهايدروكوينون عزز فعالية الامبسلين ضد 

المكورات العنقودية كانت . mirabilis نوع الاشيريكية القولونية و المتقلبات من فعالية السيفالوثين ضد

الجراثيم الأكثر حساسية  vulgarisنوع المتقلبات من  ومن ثم  المكورات العنقودية البشروية يليهاالذهبية

  .لغالبية التداخلات

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
INTRODUCTION 

        With increased incidence of resistance to antibiotics, natural products from plants 
could be interesting alternatives (Lu et al., 2007). Some plant extracts and phytochemicals 
are known to have antimicrobial properties, and can be of great significance in therapeutic 
treatments (Singh et al., 2007). 
         Many plants have been evaluated not only for direct antimicrobial activity, but also as 
a resistance-modifying agent (Gibbons, 2004). Several chemical compounds, synthetic or 
from natural sources, such as natural products, have direct activity against many species of 
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bacteria, enhancing the activity of a specific antibiotic, reversing the natural resistance of 
specific bacteria to given antibiotics, promoting the elimination of plasmids from bacteria 
and inhibiting transport functions of the plasma membrane in regard to given antibiotics. 
The inhibition of plasma membrane - based efflux pumps has been observed as well (Gunics 
et al., 2006).  
         Synergism has been defined as a phenomenon in which two different compounds are 
combined to enhance their individual activity. If the combination results in worsening 
effect, it is called antagonism. Effect which is less than synergistic but not antagonistic is 
termed as additive or indifference (Rani et al., 2009).  

Ammi majus belongs to the family Apiaceae, commonly called as “Ladies Lace”. The 
plant is used for the treatment of leukoderma and psoriasis (Kumar, 1988). The constituents 
(xanthotoxin, imperatorin, isopimpinellin, bergapten and isoimperatorin) isolated from the 
seeds are used to prepare cream and lotion to cure skin diseases. The isoimperatorin             
is the strongest photoirritant compound (Saeed and Khan, 1994). The leaves contain 
furocoumarins fraction is composed of xanthotoxin and isopimpinellin. The presence of 
nonfurocoumarin, umbelliprenin, glycosides of quercetin, luteolin, dihydro oroselone and 
two artifacts 7- inopropylpsoralene are reported (Anonymous, 1985). Recently, the drug β-    
methoxypsoralen from Ammi majus is used to treat T-cell lymphoma (Gurib-Fakim, 2006). 
        Staphylococci are among the most common cause of bacterial infections  in the 
community, which have been, and continue to be a major cause of  human disease resulting 
in over than one million infections each year  worldwide. Staphylococcus aureus is the best 
known and by far most studied staphylococcal species that produces hospital - and 
community - acquired infections (Bancroft, 2007). Staphylococcus epidermidis is the sister 
species of Staphylococcus aureus, which often causes infection in immunocompromised 
individuals or those after damage to the epithelium. Similar to Staphylococcus aureus, it 
produces biofilm to protect itself from host immune system and enhance their resistance to 
antibiotic chemotherapy (Stewart and Costerton, 2001). 
         Escherichia coli, the most common member of the family Enterobacteriaceae  
implicated  in  urinary  tract  infections,  has  showed increasingly resistance to antibiotics 
and caused some therapeutic problems (Sotto et al., 2001). 

Proteus mirabilis and to a lesser extent Proteus vulgaris, are common inhabitants of 
the human gastrointestinal tract. Proteus mirabilis, in particular, also may colonize the 
urinary tract under certain circumstances, where it is considered an opportunistic pathogen 
and one of the principal causes of UTIs in hospital patients with indwelling urinary catheters 
(Manos and Belas, 2006) and it's known for its ability to form crystalline biofilms on the 
outer surface and in the lumen of indwelling urinary catheters (Mobley and Warren, 1987). 
Biofilm-forming bacterium constitutes a major medical problem because of the sharply 
decreased susceptibility of bacteria, within the biofilm, to host defenses and antibiotic 
treatments. Standard antibiotic therapy is only able to eliminate the planktonic and the 
superficial cells in biofilm leaving the deeply embedded sessile cells propagating within the 
biofilm and continue to disseminate when the therapy is terminated (Olson et al., 2002). 

The aims of the present study were to evaluate the antimicrobial activity of eight 
phenolic compounds (xanthotoxin, imperatorin, quercetin, hydroquinone, catechol, 
resorcinol, salicylic acid and vanillic acid) in the petroleum ether and ethanolic extracts of 
Ammi majus (Khillah) herb and compare them to the effect of antibiotics (penicillin, 



Kawthar A. Al-Hadidi et al. 
 

 

20

ampicillin, cefotaxime, cephalothin and trimethoprim) on the growth of (Staphylococcus 
aureus, Staphylococcus epidermidis, Escherichia coli, Proteus mirabilis and Proteus 
vulgaris); and to evaluate the interaction of the phenolic compounds and antibiotics on these 
bacterial isolates. 

MATERIALS AND METHODS 
Plant extracts preparation 
Petroleum ether extract: 

One hundred fifty gram of Ammi majus plant was grounded and extracted with (750) 
ml of petroleum ether (60-80 ºC) for (48) hours using magnetic stirrer at room temperature. 
The extract was filtered using a Whatmann (No.1) filter paper and then evaporated under 
reduced pressure using a rotator evaporator to a volume of (60) ml and this concentration 
was regarded as crude extract. 

 
The crude extract was divided into three parts: 

a) Crude Extract (20 ml): 
It was kept in the refrigerator till used, this extract was evaporated again and its 

antibacterial effect was studied (extract No.1).  
b) The Second Portion (20 ml): 

It was incubated in freezer for (24) hours, then filtered and the sediment was used as 
(extract No.2). The filtrate was dried and used as (extract No.3), (Tsankova et al., 1993). 
c) The Third Portion (20 ml): 

It was dried then added to it (20) ml of absolute ethanol and left in freezer for (24) 
hours, filtered and the sediment was used as (extract No.4). The filtrate was dried and used 
as (extract No.5), (Morimoto et al., 1965). 
 
Ethanolic Extract: 

The remaining plant material was dried from petroleum ether and extracted again with 
(750) ml of absolute ethanol by using a magnetic stirrer for (48) hours with stirring. The 
extract was then filtered (white material was obtained in the filtrate, filtered and used as 
extract No.6). The filtrate was concentrated using a rotator evaporator to a volume of (40) 
ml which was then subjected to acid hydrolysis for the isolation of phenolic compounds 

(Grand et al., 1988). 
 
Acid Hydrolysis: 

1) 20 ml of (1N) HCL was added to (1) ml of crude ethanolic extract in flask warmed at 
(90 ºC) for half an hour. 

2)  After cooling, (2×15) ml ethyl acetate was added, the mixture was transformed to 
separating funnel for isolation of phenolic compounds. Ethyl acetate was isolated, stored in 
refrigerator and was regarded as (extract No.7), (Harborne, 1973). 
 
Test Antibiotics: 

Five commercial antibiotics (ampicillin, penicillin, cefotaxime, cephalothin and 
trimethoprim) were selected. 
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Test Organisms: 
The bacteria used in the antibacterial tests were: Gram positive (Staphylococcus 

aureus and Staphylococcus epidermidis) and Gram-negative (Escherichia coli, Proteus 
mirabilis and Proteus vulgaris). All bacteria were clinical isolates classified in the 
Laboratory of Microbiology / Department of Biology / College of Science / University of 
Mosul. 
 

Ammi majus Extracts Sensitivity Testing: 
The selected isolates of bacteria were inoculated into (5) ml of sterile  nutrient broth 

and incubated at (37 ºC) for (6-8) hours. The density of the tested suspensions were adjusted 
to that of the (0.5) McFarland standard. Using a sterile cotton swab, the nutrient broth 
cultures was swabbed on the surface of sterile Mueller-Hinton Agar (MHA) plates. Agar 
wells were prepared with the help of sterilized cork borer with (6) mm diameter (Srinivasan 
et al., 2001). Using a micropipette, (50) microlitres of each of Ammi majus extracts (all the 
extracts were dried and re-dissolved in DMSO at concentration of 1g / 5ml) were added to 
different wells in the plate. The plates were incubated in an upright position at (37 ºC) for 
(24) hours. The diameter of inhibition zones was measured in mm and the results were 
recorded.  
 

Antibiotics Sensitivity Testing:  
The formerly mentioned microorganisms were also tested for their sensitivity to the 

antibiotics: penicillin (10 U), ampicillin (10 mcg), cefotaxime (10 mcg), cephalothin (30 
mcg) and trimethoprim (10 mcg) by the disk diffusion method (Bauer et al., 1966). The 
cultures were seeded in sterile nutrient broth at (37 ºC) for (6-8) hours. The density of the 
tested suspensions were adjusted to that of the (0.5) McFarland standard. Using sterile 
cotton swabs, the cultures was aseptically swabbed on the surface of sterile Mueller-Hinton 
Agar (MHA) plates. Using an ethanol dipped and flamed forceps, the antibiotic discs were 
aseptically placed over the seeded MHA plates sufficiently separated from each other to 
avoid overlapping of the inhibition zones. The plates were incubated at (37 ºC) for (24) 
hours and the diameter of the inhibition zones was measured in mm. 
 
Interaction between Ammi majus Extracts and Antibiotics Sensitivity Testing: 

The inocula from primary cultures were prepared in nutrient broth  and incubated at 
(37º C)  for  (6-8) hours. The density of the tested suspensions was adjusted to that of the 
(0.5) McFarland standard. Muller-Hinton agar plates were inoculated by dipping a sterile 
cotton swabs in the inocula. The antibiotic discs were placed as mentioned formerly 
(Srinivasan et al., 2001). Later (10) µL (or 30 µL in case of cephalothin) of each of Ammi 
majus extracts were aseptically added to these discs. The plates were incubated in an upright 
position at (37 ºC) for (24) hours. The diameter of inhibition zones were measured in mm 
and the results were recorded.  
 

RESULTS AND DISCUSSION 
The present study explored the antimicrobial activities of eight  phenolic compounds 

(xanthotoxin, imperatorin, quercetin, hydroquinone, catechol, resorcinol, salicylic acid and 
vanillic acid) in seven extracts (extract No.1- extract No.7) from Ammi majus alone, five 
antibiotics alone (penicillin, ampicillin, cefotaxime, cephalothin and trimethoprim) and 
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interaction between them against five isolates (Staphylococcus aureus, Staphylococcus 
epidermidis, Escherichia coli, Proteus mirabilis and Proteus vulgaris) of pathogenic 
bacteria. 
         Phytochemical screening of Ammi majus extracts has shown the presence of 
(xanthotoxin   / 51.749 %, imperatorin / 0.091 %, quercetin / 0.103 %, resorcinol / 0.268 %, 
salicylic acid / 0.075 % and vanillic acid / 0.086 %) in extract (No.1), (xanthotoxin / 54.925 
%, imperatorin / 0.619 %, quercetin / 0.118 %, hydroquinone / 1.607 %, catechol / 0.916 % 
and salicylic acid / 41.917 %) in extract (No.2),(xanthotoxin / 30.321 %, imperatorin / 5.372 
%, quercetin / 0.834 %, hydroquinone / 2.047 % , resorcinol / 0.221 % and salicylic acid / 
12.891 %) in extract (No.3), (xanthotoxin / 24.042 %, imperatorin / 6.661 %, quercetin / 
1.528 %, hydroquinone / 5.873 %, resorcinol / 0.623 %, salicylic acid / 12.302 % and 
vanillic acid /1.020 %) in extract (No.4), (xanthotoxin / 18.333 %, imperatorin / 13.271 % , 
quercetin / 1.995 % , hydroquinone / 0.503 %, catechol / 2.530 % and salicylic acid / 0.922 
%) in extract (No.5), (xanthotoxin / 41.811 %, imperatorin / 1.861 %, quercetin / 3.276 % , 
resorcinol / 5.784 % and salicylic acid / 5.240 %) in extract (No.6), (xanthotoxin / 37.012 % 
, imperatorin / 3.076 % , quercetin / 36.350 % , resorcinol / 15.292 % and salicylic acid / 
34.014 %) in extract (No.7), (Al-Hadidi, 2012). Chemically, its seeds contain different 
active ingredients namely: xanthotoxin (up to 1.15 %), imperatorin (up to 0.75 %), and 
bergapten (up to 1.88 %). Other coumarins of significance are marmesin (up to 0.25  %), 
isoimperatorin (0.01 %), heraclenin (0.07 %) and isopimpinellin (0.01 %). Other 
constituents of interest are acetylated flavonoids (Singab, 1998); (Ivie, 1978); (Abu-Mustafa 
and Fayez, 1961). 

Table (1) showed the antimicrobial activity of Ammi majus extracts against some 
pathogenic bacteria. For Staphylococcus aureus, the inhibitory effects were recorded in all 
Ammi majus extracts. A high inhibitory effect was noted  in extract (No.7) with a zone of 
(20) mm while the least inhibitory effect  was observed for extract (No.6) with a zone of (9) 
mm. In Staphylococcus epidermidis, extract (No.7) exhibited more antibacterial effect with 
a zone  of (23) mm and least effect was observed for both extracts (No.3 and 5) with a zone 
of (8) mm while the extracts (No.4 and 6) did not show any effect against Staphylococcus 
epidermidis Fig. (1). Escherichia coli, Proteus mirabilis and Proteus vulgaris bacteria were 
found to be resistant to all extracts except extract (No.7) with an inhibition zones of         
(23, 21, 16) mm respectively. Results showed a high concentration - activity relationship for 
the phenolic compounds (quercetin, resorcinol and salicylic acid) in extract (No.7) when 
compared with its concentrations in extract (No.6) which contained the same compounds 
nevertheless did not show any (or show little) antibacterial activity against the tested 
bacterial isolates, also the presence of vanillic acid in extract (No.4) may  inhibited the 
antimicrobial activity of hydroquinone, while the little activity of both extracts (No.3 and   
5) is due to the presence of hydroquinone alone or in combination with catechol against 
Staphylococcus epidermidis. Hirai and co-workers (2010) showed that quercetin exerted 
selective antibacterial activity against Staphylococcus aureus (by induced aggregation of 
Staphylococcus aureus cells), including methicillin-resistant Staphylococcus aureus 
(MRSA), and Staphylococcus epidermidis. Also quercetin inhibits super coiling activity of 
Escherichia coli bacterial gyrase by binding to the ATP binding site of gyrase B (Plaper et 
al., 2003). Previous studies have shown that the antimicrobial activity of catechol, salicylic 
acid and hydroquinone is enzyme inhibition by the oxidized compounds, thereby bind either 
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directly to sulphydryl groups and inactivates the protein, or protein and glutathione 
radicals are produced. These radicals might subsequently lead to protein cross-linking and 
glutathione dimer formation (Stoyanovsky et al., 1995). Catechol alone does not cause 
oxidative DNA damage but in combination with hydroquinone (induces oxidative DNA 
damage alone), however, the 8-hydroxy- 20-deoxyguanisine level increases, which is 
indicative for the occurrence of oxidative DNA damage (Kolachana et al., 1993). Alvarez 
and co-workers (2006) postulated that binding of a flavonoid makes an easier passage of 
another flavonoid by diffusion across structural membrane proteins and as such, the binding 
of quercetin to porines change the tridimensional conformation thereby, exposuring the 
hydrophilic character of the pore. Mori and colleagues (1987) showed that DNA synthesis 
was strongly inhibited by flavonoids in Proteus vulgaris, whilst RNA synthesis was most 
affected in S. aureus as such, the B ring of the flavonoids plays a role in intercalation or 
hydrogen bonding with the stacking of nucleic acid bases. 

  
        Table 1: Antibacterial activity of Ammi majus extracts on some bacterial isolates (mm). 
 

Inhibition zones of some bacterial genera (mm).  
Ammi majus 

extracts 
Staphylococcus 

aureus 
staphylococcus

epidermidis 
Escherichia 

Coli 
Proteus 
mirabilis 

Proteus 
Vulgaris 

Extract No.1 12 (S) 15 (S) 0 (R) 0 (R) 0 (R) 
Extract No.2 15 (S) 16 (S) 0 (R) 0 (R) 0 (R) 
Extract No.3 13 (S) 8 (S) 0 (R) 0 (R) 0 (R) 
Extract No.4 11 (S) 0 (R) 0 (R) 0 (R) 0 (R) 
Extract No.5 12 (S) 8 (S) 0 (R) 0 (R) 0 (R) 
Extract No.6 9 (S) 0 (R) 0 (R) 0 (R) 0 (R) 
Extract No.7 20 (S) 23 (S) 23 (S) 21 (S) 16 (S) 

Sensitive (S), Resistance (R).  
 

Table (2) showed the antimicrobial activity of the antibiotics against some pathogenic 
bacteria. Staphylococcus aureus and Staphylococcus epidermidis Fig. (2) were reported to 
show sensitivity to trimethoprim, ampicillin, penicillin and cephalothin respectively and 
resistance against cefotaxime. While Escherichia coli, Proteus mirabilis and Proteus 
vulgaris are more resistant to all the antibiotics used. Ampicillin made a great impact 
initially on both Gram positive and Gram negative pathogens while cephalothin had a 
powerful action against Gram positive bacteria but much less against anaerobes and certain 
Gram negative bacteria (Brumfitt and Hamilton-Miller, 1988). On the other hand, the 
antibiotic penicillin-G doesn't have any effect against isolated pathogenic bacterial 
organisms (Escherichia coli and Proteus  mirabilis) which the percentage of resistant 
organism reached (100.0%) followed  by ampicillin (88.0%) and cefotaxime sodium 
(86.0%), (Ghaly et al., 2009). 

 
 
 
 
 



Kawthar A. Al-Hadidi et al. 
 

 

24

 
Table 2: Antibacterial activity of antibiotics on some bacterial isolates (mm). 
 

Inhibition zones of some bacterial genera (mm)  
  Antibiotics Staphylococcus

aureus 
Staphylococcus

epidermidis 
Escherichia

Coli 
Proteus 
mirabilis 

Proteus 
Vulgaris  

Trimethoprim(TMP) 23 (S) 20 (S) 0 (R) 0 (R) 0 (R) 
Ampicillin (Am) 21 (S) 19.5 (S) 0 (R) 0 (R) 0 (R) 

Penicillin (P) 13.5 (S) 12 (S) 0 (R) 0 (R) 0 (R) 
Cephalothin (KF) 12 (S) 10.5 (R) 0 (R) 0 (R) 0 (R) 
Cefotaxime (CTX) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 

Sensitive (S), Resistance (R).  
 

Table (3) showed the interaction effects of Ammi majus extracts and antibiotics  
against some pathogenic bacteria. The best synergistic interactions showed trimethoprim, 
ampicillin, cephalothin (except extracts No.7 and 4) and penicillin (except extract          
No.7) with all Ammi majus extracts respectively against Staphylococcus aureus while 
cefotaxime with all Ammi majus extracts, penicillin with extract (No.7) and cephalothin 
with extract (No.7) showed antagonistic interactions and cephalothin with extract         
(No.4) showed indifferent interaction against the same bacteria. For Staphylococcus 
epidermidis, ampicillin with extracts (No.1,2,3,4,5,6) Fig. (3) , trimethoprim with extracts 
(No.1,2,3,4,5,6), cephalothin with extracts (No.3,4,5), cefotaxime with extracts (No.3,4,6) 
and penicillin with extracts (No.5,6) showed synergistic interactions, whereas penicillin 
with extracts (No.1,2,4,7), cephalothin with extracts (No.1,2,6,7) and cefotaxime with 
extracts (No.1,2,7) showed antagonistic interactions. Trimethoprim with extract (No.7), 
ampicillin with extract (No.7) Fig. (3), penicillin with extract (No.3) and cefotaxime with 
extract (No.5) showed indifferent interactions. In Escherichia coli, cephalothin with  
extracts (No.2,3,5,6), ampicillin with extracts (No.2,3,4,5) showed synergistic interactions, 
while trimethoprim, penicillin and cefotaxime with extracts (No.1,2,3,4,5,6), ampicillin  
with extracts (No.1,6) and cephalothin with extracts (No.1,4) showed indifferent 
interactions. Where as in Proteus mirabilis only cephalothin with extracts (No.2,3,5,6) 
showed synergistic interaction  and (trimethoprim, ampicillin, penicillin and cefotaxime) 
with extracts (No.1,2,3,4,5,6), cephalothin with extracts (No.1,4) showed indifferent 
interactions. These results revealed that hydroquinone which is found in extracts (No.2-5) 
enhanced the activity of ampicillin with these extracts against Escherichia coli, while       
the presence of vanillic acid in both extracts (No.1,4) is responsible for the inactivity of 
cephalothin with these extracts against Escherichia coli and Proteus mirabilis. In Proteus 
vulgaris, ampicillin with extracts (No.1,2,3,4,5,6), trimethoprim with extracts (No.2,3,4,5,6) 
and cephalothin with extracts (No.2,3,4,6) showed synergistic interactions while penicillin 
and cefotaxime with extracts (No.1,2,3,4,5,6), cephalothin with extracts (No.1,5) and 
trimethoprim with extract (No.1) showed indifferent interactions. Results demonstrated that 
ampicillin activity with extract (No.1) may be due to the presence of vanillic acid in extract 
(No.1), while trimethoprim and cephalothin didn’t show any antibacterial activity with 
extract (No.1) when compared with their activity in extract (No.4) which contained the 
same compounds in addition to the presence of hydroquinone. So, we suggested that 
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hydroquinone diminished the inhibitory effect of vanillic acid against trimethoprim and 
cephalothin, and high concentration - activity relationship for salicylic acidin extract (No.2) 
with cephalothin against Proteus vulgaris. Whereas all antibiotics used with extract (No.7) 
against three bacteria showed antagonistic interactions. These results showed that phenolic 
compounds (salicylic acid, resorcinol and quercetin) in extract (No.7) have been found       
to  be synergistic enhancers in that though they possess antimicrobial properties alone,     
but when used concurrently with antibiotics their activity inhibited by the antibiotics.      
The exact mechanism of the antimicrobial synergistic interaction occurred by the inhibition 
of bacterial cell wall synthesis which leads to lyses of the cells, might facilitate the influx of 
phenolic compounds such as quercetin and xanthotoxin into the bacterial cells, such higher 
concentrations in the cells will enhance the damage on DNA caused by quercetin which 
inhibits DNA polymerase-β and xanthotoxin which binds preferentially to the guanine and 
cytosine moieties of DNA, leading to cross-linking of DNA, thus inhibiting DNA synthesis 
and function (Bennett and Brown, 2009); (Dewick, 2009); (Schinazi et al., 1997). Quercetin 
showed markedly enhanced antibacterial activity with antibiotics: oxacillin, ampicillin, 
vancomycin, gentamicin and erythromycin against Methicillin-Resistant S. aureus (MRSA), 
(Hirai et al., 2010). Phenolic acids like salicylic acid, p-anisic acid and caffeic acid have 
been shown to potentiate the activity of β- lactam antibiotics against various strains            
of Staphylococcus aureus (Kwon et al., 2007); (Muroi et al., 2004). While the uptake         
of catechol-cephalosporins by Escherichia coli K-12 may be self-limiting ; a priori, 
periplasmic concentrations much in excess of those required to saturate the target PBP could 
be precluded by the attendant antibacterial effects of the transported substrate (Curtis et al., 
1988).  

 In  the  present  study,  Gram  positive  bacteria  are  known  to  be   more susceptible 
to Ammi majus extracts alone, antibiotics alone (except cefotaxime) and interaction between 
them than Gram negative bacteria. This generally higher resistance among Gram negative 
bacteria could be ascribed to the presence of their outer membrane, surrounding the           
cell wall, which  restricts diffusion of phenolic compounds or / and antibiotics through its 
lipopolysaccharide covering. The absence of this barrier in Gram positive bacteria allows 
the direct contact of the phenolic compounds or/and antibiotics with the phospholipids 
bilayer of the cell membrane, causing either an  increase of ion permeability and leakage of 
vital intracellular constituents, or impairment of the bacterial enzyme systems (Zhao et al. 
2001). For instance, the cell wall of Gram-negative bacteria contains (15-20%) 
polysaccharides   and (10-20%) lipid, whereas that of Gram-positive bacteria contains (35- 
60%) polysaccharide and only (0-2%) lipid and the cell membrane of Escherichia coli 
contains (20%) lipid, whereas that of Staphylococcus aureus contains (2%) lipid (Alli  et al. 
2011). The polysaccharide and lipid contents of the cell wall have an effect on the 
permeability to Ammi majus constituents or/and antibiotics; this may be responsible for the 
difference in susceptibility to Ammi majus extracts or/and antibiotics between Gram 
negative and Gram-positive bacteria. 
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 Table 3: Interaction effect between Ammi majus extracts and antibiotics on some                 

bacterial isolates (mm). 
 

Inhibition zones of some bacterial genera (mm)  Ammi majus extracts + 
Antibiotics combination 

Staphylococcus 
aureus 

staphylococcus 
epidermidis 

Escherichia 
Coli 

Proteus 
mirabilis 

Proteus 
Vulgaris  

Extract No.1+ Trimethoprim 26 (S) 25 (S) 0 (I) 0 (I) 0 (I) 
Extract No.1+ Ampicillin 23 (S) 23.5 (S) 0 (I) 0 (I) 8.5 (S) 
Extract No.1+ Penicillin 14.5 (S) 11 (A) 0 (I) 0 (I) 0 (I) 
Extract No.1+ Cephalothin 16 (S) 13.5 (A) 0 (I) 0 (I) 0 (I) 
Extract No.1+ Cefotaxime 8 (A) 9 (A) 0 (I) 0 (I) 0 (I) 
Extract No.2+ Trimethoprim 25 (S) 26 (S) 0 (I) 0 (I) 8 (S) 
Extract No.2+ Ampicillin 22 (S) 25 (S) 7.5 (S) 0 (I) 8.5 (S) 
Extract No.2+ Penicillin 18 (S) 12 (A) 0 (I) 0 (I) 0 (I) 
Extract No.2+ Cephalothin 21 (S) 13 (A) 10 (S) 10 (S) 11 (S) 
Extract No.2+ Cefotaxime 9 (A) 10 (A) 0 (I) 0 (I) 0 (I) 
Extract No.3+ Trimethoprim 24.5 (S) 23.5 (S) 0 (I) 0 (I) 8 (S) 
Extract No.3+ Ampicillin 23.5 (S) 24 (S) 8 (S) 0 (I) 8.5 (S) 
Extract No.3+ Penicillin 16.5 (S) 12 (I) 0 (I) 0 (I) 0 (I) 
Extract No.3+ Cephalothin 17.5 (S) 14 (S) 9 (S) 9 (S) 10 (S) 
Extract No.3+ Cefotaxime 10 (A) 9 (S) 0 (I) 0 (I) 0 (I) 
Extract No.4+ Trimethoprim 24 (S) 23 (S) 0 (I) 0 (I) 8 (S) 
Extract No.4+ Ampicillin 23 (S) 23.5 (S) 7 (S) 0 (I) 8 (S) 
Extract No.4+ Penicillin 16 (S) 11 (A) 0 (I) 0 (I) 0 (I) 
Extract No.4+ Cephalothin 12 (I) 12.5 (S) 0 (I) 0 (I) 9 (S) 
Extract No.4+ Cefotaxime 8 (A) 9.5 (S) 0 (I) 0 (I) 0 (I) 
Extract No.5+ Trimethoprim 25.5 (S) 24 (S) 0 (I) 0 (I) 9 (S) 
Extract No.5+ Ampicillin 23 (S) 23 (S) 7.5 (S) 0 (I) 7.5 (S) 
Extract No.5+ Penicillin 16.5 (S) 13 (S) 0 (I) 0 (I) 0 (I) 
Extract No.5+ Cephalothin 12.5 (S) 12.5 (S) 10 (S) 10 (S) 0 (I) 
Extract No.5+ Cefotaxime 9 (A) 8 (I) 0 (I) 0 (I) 0 (I) 
Extract No.6+Trimethoprim 25 (S) 25 (S) 0 (I) 0 (I) 8 (S) 
Extract No.6+ Ampicillin 22 (S) 22 (S) 0 (I) 0 (I) 7.5 (S) 
Extract No.6+ Penicillin 16 (S) 24 (S) 0 (I) 0 (I) 0 (I) 
Extract No.6+ Cephalothin 13 (S) 0 (A) 9 (S) 10 (S) 10 (S) 
Extract No.6+ Cefotaxime 0 (A) 8 (S) 0 (I) 0 (I) 0 (I) 
Extract No.7+Trimethoprim 24.5 (S) 23 (I) 8 (A) 0 (A) 10 (A) 
Extract No.7+ Ampicillin 22.5 (S) 23 (I) 10 (A) 0 (A) 10 (A) 
Extract No.7+ Penicillin 14 (A) 18 (A) 9 (A) 0 (A) 7.5 (A) 
Extract No.7+ Cephalothin 16 (A) 14.5 (A) 11.5 (A) 13 (A) 14 (A) 
Extract No.7+ Cefotaxime 9 (A) 10 (A) 0 (A) 8 (A) 10 (A) 

Synergism (S), Antagonism (A), Indifference (I). 
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Fig. 1: Antibacterial activity of Ammi 
majus extracts on Staphylococcus 
epidermidis 

Fig. 2: Antibacterial activity of 
antibiotics on    Staphylococcus 
epidermidis 

  

  
 

   Fig. 3: Interaction effect between Ammi majus extracts with ampicillin on          
Staphylococcus epidermidis 
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