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Abstract: Complexes of Co(II), Ni(II), Cu(II), Mn(II), Zn(II), Fe(II), Fe(III), and La(III) with methylenedisalicylic
acid (MDSA) have been synthesized. The structure of the complexes has been elucidated by a combination of
elemental analysis, IR, electronic spectral, magnetic and thermal studies. The obtained results indicated that
MDSA behaves as a tetradentate in case of 2:1 (metal:ligand)  complexes and acts as a  bidentate with 1:1
complexes. Investigation of the stereochemistry of these chelates showed that, Co(II) complex is square planar,
Cu(II) complex is distorted tetrahedral and other complexes have octahedral geometry. Biological studies of
MDSA and its complexes were carried out and revealed a high antimicrobial activity for some of these samples
indicating the possibility of their usefulness as an antimicrobial to overcome some diseases in medicine and
agriculture fields.     
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INTRODUCTION lipophiilic disalicylic acid ligands having different spacers

Many syntheses of supposedly pure It  was  reported  that  ligand  with  an ethylene
methylenedisalicylic acid have been reported in the spacer   exhibits   excellent   extraction  selectivity  for
literature . However, all of them involve the treatment of Pb(II)   over   Cu(II),   lengthening  the  spacer  gives[1-5]

salicylic acid with formaldehyde under acidic conditions, poorer   Pb(II)   recognition,   while  rigid  spacer reduce
yield over 93 % can be obtained using 40 % sulphuric the  extraction  efficiencies  for  both Pb(II) over Cu(II).
acid. The physical and chemical properties of MDSA have The   extraction   stoichiometries  for  Pb(II)  are a 2:1
been studied and the purified material was characterized ligand-metal ion complex for the ligand with ethylene
by elemental analysis and ir spectra to confirm its spacer  while  it  is  1:1  complexes  for 1,3-propylene and
structure . Infrared spectrum indicated that the structure 3-oxa-1,5-pentylene spacers. It is evident from the[5]

of MDSA is likely to be two salicylic acid units, joined by literature that much effort had been paid to synthesis of
a methylene bridge in the ortho position of the hydroxy solid MDSA complexes by conventional methods and
groups. There is a possibility that a methylene bridge physico-chemical studying of its solid complexes was not
might be in para position with respect to hydroxy groups. occurred yet. 
MDSA was considered a great promise owing to its use  In  the  present  study,  different  chelates  of MDSA
as polyfunctional intermediate in condensation products with  some  transition  metals  including  Co , Ni , Cu ,
suitable for plastics and surface coatings industry. It Mn ,    Zn ,    Fe ,    Fe    and    La    were   synthesized
behaves much like salicylic acid and gives chelated and  characterized.  The  probable  structures of the
coloured compounds with the ions of copper and iron. isolated   complexes   have  been  determined  using
Ba , Mg , and Zn -MDSA salts were prepared and found several   techniques.   Moreover,   the   biological  activityII  II   II

to have the general formula C H O Ba + 3H O, of   the   ligand   and  its  complexes  has  been15 10 6   2

C H O Ba + 8H O, C H O Mg + 2H O and C H O Zn investigated    to  show  the  possibility   for   their   uses15 8 6 2  2  15 10 6   2   15 10 6

+ 4H O . Recently, very selective extraction of Pb(II) in  pharmaceutical  industry  or as antibacterial to2
(4)

over Cu(II) as well as Cd(II), Ni(II) and Zn(II), from overcome some diseases such as the fire light in
aqueous solution into chloroform was studied for agriculture field. 

between two lipophilic salicylic acid unites . [6]

II  II  II

II     II     II     III        III
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MATERIALS AND METHODS NCTC 7447, Bacillus subtilis ATCC 7972, Escherichia

All reagents were of highest grade available from BDH 10145, Erwinia herbicola NCTC 1003, Candida albicans
and used without further purification. The metal contents IMRU 3669 and Aspergillus niger ATCC 6275 using
were estimated complexometrically by EDTA using neomycin as reference. The tested compounds of 40 µg
xylenol orange indictor at pH ~ 6. FT- IR spectra of the were put on surface of plate seeded with test organisms
ligand as well as the complexes were recorded as KBr having different media (nutrient agar, sobouraud agar and
pellet on a Bruker (Vector 22) single beam spectrometer at Czapek`s agar) by direct contact. The inhibition zone was
a spectral resolution of 2.0 cm . Electronic spectra were measured in mm at the end of incubation period.-1

recorded on 835 Perkin-Elmer UV/Vis spectrophotometer
using Nujol mull technique. Thermal measurements (TG, Determination of minimal inhibitory concentration
DTA) were done on a Shimadzu 50 H thermal analyzer. (MICs) of MDSA: The minimal inhibitory concentration
Mass susceptibility was measured using magnetic (MICs) of MDSA determined by conventional paper disc
susceptibility balance of models Johnson Metthy and diffusion method (266812 W. Gemmany 12.7 mm in
Sherwood  at room temperature and the effective diameters) . Bacteria were grown on nutrient medium,[12]

magnetic moments µ  were calculated from the following yeast was grown on Sobouraud agar and fungi wereeff

relation: grown on Czapek`s agar. The MDSA was dissolved in

µ 2.84 [P .T] of 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90 and 100 µgeff =  M 
½

Preparation of MDSA: MDSA, structural formula shown organisms. The minimal inhibitory concentration (MICs)
in Fig. 1, was prepared by the procedure described in ref was determined after incubation period .
5 as follow; 27.6 g salicylic acid, 9.4 g of 30 %
formaldehyde and 180 g of 50 % sulphuric acid were Antimicrobial activity of MDSA against Staphylococcus
refluxed for 8 h. The powder obtained was cooled, filtered
off and washed several times with cold water as well as
hot water/ethanol solution to remove the excess of
unreacted salicylic acid. The isolated white product was
recrystallized from acetone and finally dried in air for 24 h
[m.p = 238 °C (decompose), lit. m.p = 238 °C (decompose)].
MDSA was found to be freely soluble in normal ether,
acetone, alcohol, carbon tetrachloride, dimethyl formamide
and dimethyl sulphoxide.

Preparation of complexes: All the chelates were prepared
by mixing ethanolic solutions of 0.005 mole MDSA with
0.01 mole metal acetates [metal = Co, Ni, Cu, Mn, Zn, La]
or with ammonium ferrous sulphate dissolved in minimum
amount of deoxygenated water or ammonium ferric
sulphate dissolved in minimum amount of distilled water.
The reaction mixtures were refluxed for 1 - 2 h on water
bath. The coulored powders were filtered hot, washed
thoroughly with hot ethanol and finally dried in air. In
case of ferrous and ferric complexes, the isolated solids
were washed with distilled water in and ethanol to remove
the excess of sulphate salts.

Screening of antimicrobial activity of synthesis
compounds: The newly synthesized compounds were
screened for their antimicrobial activity against seven
different test organisms having importance in medicine
and agriculture fields including Staphylococcus aureus

coli NCTC 19416, Pseudomonas aeruginosa ATCC

[7]

DMF. The paper disc containing different concentrations

was made and placed on plates seeded with test

[8]

species: The Staphylococcus species causes impetigo
diseases were isolated from EL-Hussein Hospital 2004 (Al-
Azhar University- Egypt) and identified in our Lab in
other studies using as test organisms by paper disc
diffusion method .[7]

Effect of MDSA on the biosynthesis of macromolecules in
Staphylococcus  aureus  NCTC  7447:  The  liquid
culture  was  treated  with  MDSA  and  incubated with
fresh  culture  of  Staphylococcus  aureus. After
incubation  period,  it  was  centrifuged,  washed  with
cold distilled water and finally the washed cells were
extracted with 0.5 ml of 0.25 N perchloric acid at 70 °C for
15 min. The extract was used for estimating DNA by
diphenylamine reaction  and RNA content was measured[9]

using orcinol reaction . The pellet in each centrifuge[10]

tube after extraction of DNA, RNA was dissolved in 2 ml,
1N sodium hydroxide at 90 °C for 30 min and the protein
content was measured by the Folin-phenol reagent
according to Lowry et al .[11]

Fig. 1:  Structure of MDSA
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RESULTS AND DISCUSSIONS bond  is  indicated  by  the band observed at 3480 and

Analytical   and   physical   data   of  the  isolated respectively.   The   coordinated  water  in  all  complexes
metal  complexes  are  listed  in  Table  1.  The complexes is indicated by the band observed within 3330 – 3400 cm
are  air  stable  for  long  time  and  are  insoluble in and two somewhat weaker bands assigned as the OH
common  organic  solvents  except  the  Fe(III)-complex stretching (<), rocking (* ) and wagging (* ) vibrations
which  is  partially  soluble  in  DMF  and  DMSO. respectively.

The most important IR assignments in the free MDSA
as well as the bonding sites have been determined by a The electronic spectra and magnetic studies: Electronic
careful comparison of the spectrum of ligand and its metal spectrum of the free ligand (MDSA) showed five bands
complexes (Table 1).  IR spectral data indicate that MDSA located at 350, 340, 333, 322 and 258 nm which are
behaves as a tetradentate ligand coordinating to two assigned to n6B* (C=O), n6B*  (OH) phenolic  n6B*
metal   ions   via   the   carboxyl   (COOH)   and   phenolic (OH) carboxylic, B6B*  (C=O) and B6B*  (phenyl)
(-OH)   oxygenes   with   displacement  of  the  protons respectively.
from   both   groups.   This  behaviour  is  found  to  be Co(II) complex showed a stronger broader band at
true  in  the  complexes  having  the  general  formula 550 nm. This is most probably due to A 6 B  transition
[M (L-4H).xH O].nH O, [where, x = number of coordinated in a square planer configuration .2 2 2

H O, n = number of crystalline H O and M = Co , Ni , Cu , Ni(II) complex revealed two absorption bands at 5602       2
II  II  II

Zn , and Fe ]. The following evidences support these and 680 nm assigned to A  6 T  and A  6 EII   III

formulas:  (1) The disappearance of both <(OH) and *(OH) transitions respectively suggesting an octahedral
in the ligand upon complexation. (2) The shift of <(C-O) structure.
band to higher wavenumber (~ 1244 cm ). (3) The Cu(II) complex exhibited a band centered at 740 nm-1

disappearance of carboxylic frequency observed at 1658 assigned  to B  6 E transition in a pseudo – tetrahedral
cm in the MDSA by chelating and the arising of geometry around the Cu ion . Another band at 550 nm-1 

carboxylate band. was observed which is mainly due to L – Cu charge
In case of Fe(II) complex, the ligand also coordinates transfer.

with a tetradentate behaviour to two metal ions through Mn(II) complex showed bands at 330, 360, 370, 380
the (COOH) and (OH) groups displacing one proton from and 390 nm assignable to A  6 T ( P), E ( D) , T ( D),
the latter group. This is indicated from, the obscure of the E ( G) and A ( G) transitions in octahedral geometry
stretching and bending OH, the positive shift of the around Mn(II) ion.
<(COOH) and the shift observed in the < (C-O) phenolic Fe(II) complex gave a broad absorption band splitted
frequency. In fact, this positive shift observed in the into   two   components   at   819   and  930  nm  referring
<(C=O) of carboxylic group confirms that the (COOH) to T 6 E  transition in an octahedral configuration .
group is coordinately bonded to the metal ions via the Moreover, the spectrum showed two charge transfer
oxygen lone pair electrons of (C=O) not by that of (-OH). bands at 450 and 510 nm assigned to t  6B* transitions
The new bands at 1084 and 1090 cm  in the Fe  and Fe i.e., the excitation of a metal d(t ) electron to the empty-1   II  III

complexes respectively indicate the presence of sulphate antibonding orbital on the ligand. 
group . Fe(III) complex exhibited a ( L6M) charge transfer[13]

On the other hand the ligand behaves in bidentate band at 400 nm. In addition to this, A weak band at 490 -
manner with La(III) and Mn(II) complexes participating 680 nm which could be assigned to A 6 T  transition is
with one side (right or left ) of (COOH) ,(OH) groups also observed. These suggest an octahedral configuration
expelling the protons from them. This behaviour is around the Fe ion . 
supported on the basis of, the appearance of <(COO ) For the magnetic studies, the value of µ  in case of-

beside the <(COOH), the splitting observed in <(C-O) Mn(II)- complex may be considered in consistent with the
phenolic pointing to the presence of two types of  (C-O) proposed octahedral structure. Although the values of µ
groups as well as the absence of *(OH) along with the for all other complexes are nearly double of that reported
existence of <(OH) phenolic at 3430 cm . Absence of in literature, this observation may be due to the-1

*(OH) in spit of the presence of free (OH) group in the supposition of presence two metal ions in the molecular
proposed structure is suggested due to the weakness of structures. Presence of two metals near to each other in
its  intensity  upon complexation with which it is the same molecule make a reinforcement and thus
dominated   or   overlapped  by  other  neighbor  bands increases the magnetism. 
and  thus  does  not  observed.   The  presence  of La-OH Zn (II) and La (III) complexes are diamagnetic as 

1340 cm  assigned to stretching and bending OH-1

-1
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Table1: Physical, Analytical, TGA and IR data for MDSA and its metal complexes
Sample Compound Colour Found (Calcd.) % µeff. % loss of IR data, wavenumber (cm )-1

No. ------------------- (B.M.) crystalline -----------------------------------------------------------------------------------------------------
C H M H O <(OH) <(SO ) *(OH) <(COOH) <(COO ) <(C-O) Coordinated water2 4

-

phenolic ------------------------------
<(OH) *r(OH) *w(OH)

1 L = MDSA White 61.08 5.50 - - - 3430 - 1290 1658 - 1218 - - -
(62.4) (4.20)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 [Co (L-4H)(H2O) ].5H O Pale pink 31.40 4.30 20.70 7.16 15.5 - - - - 1560 1244 3374 870 6202 4 2

(31.9) (4.64) (20.8) (15.9)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 et al[Ni (L-4H)(H O) ].7H O Cream 26.60 5.20 17.03 5.35 19.0 - - - - 1566 1244 3404 860 6002 2 8 2

(26.8) (5.70) (17.4) (18.7)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 et al[Cu (L-4H)(H O) ].2H O Brown 34.67 3.44 23.75 2.49 6.4 - - - - 1556 1242 3400 870 6252 2 4 2

(34.6) (3.8) (24.4) (6.9)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 et al[Zn (L-4H)(H O) ].2H O White 30.50 4.96 21.20 Diamag 6.7 - - - - 1558 1244 3400 870 6142 2 8 2

(30.2) (4.74) (21.9) (6.0)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 et al[Fe (L-4H)(H O) ].SO .10H O Violet 22.12 5.13 13.78 5.62 22.9 - 1090 - - 1566 1238 3332 750 6302 2 8 4 2

(22.0) (5.43) (13.6) (22.0)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 et al[Fe (L-2H)(H O) ].SO .6H O.EtOH Orange 25.66 5.44 14.59 8.36 14.0 - 1084 - 1670 - 1200 3380 770 5402 2 8 4 2

(25.7) (5.60) (14.1) (13.6)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 et al[Mn (L-2H)(H O) ].2.5H O Brown 38.90 5.10 11.93 7.12 10.25 3430 - - 1650 1556 1238, 3368 890 6202 2 4 2

(39.3) (5.06) (11.9) (9.8) 1205
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 et al[La(L-2H)(OH)(H O) ].3H O White 32.30 4.11 26.10 Diamag. 10.5 3430, - - 1650 1540 1244, 3378 890 6202 3 2

(32.7) (4.80) (25.2) (9.8) 3480 1200

Table 2: Screening of antimicrobial activity of synthesized compounds
Organism 1 2 3 4 5 6 7 8 9
Staphylococcus aureus NCTC 7447 ++++ve +++ve +++ve ++ve ++++ve -ve ++++ve -ve +++ve
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus subtilis ATCC 7972 ++++ve +++ve +++ve ++ve ++++ve -ve ++++ve -ve +++ve
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Escherichia coli NCTC 19416 ++++ve +++ve +++ve ++ve ++++ve -ve ++++ve -ve +++ve
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas aeruginosa ATCC  10145 ++++ve +++ve +++ve ++ve ++++ve -ve ++++ve -ve +++ve
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Erwinia herbicola NCTC 1003 ++++ve +++ve +++ve ++ve ++++ve -ve ++++ve -ve +++ve
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Candida albicans IMRU 3669 +ve +++ve +++ve +ve ++ve -ve ++++ve -ve ++ve
-ve  = noinhibition zone
++ve = when inhibition zone between (10 - 15 mm)
+++ve  = when inhibition zone between (15 - 20 mm)
++++ve = when inhibition zone over 20 mm

expected for d  configuration.  crystalline water except in the case of Zn(II) and Mn(II)10

On the basis of elemental, thermal analyses and
infrared spectral data, the zinc and lanthanum complexes
have a possible octahedral environment around the metal
ions.   

Thermal studies: The thermal decomposition studies (TG,
DTA) on the metal-MDSA complexes have been carried
out. The TG curves up to 800 °C for all complexes except
Fe(II) complex showed 2, 3 and 6 stages of decomposition
for [Co , Ni , Cu ], Mn and Zn  complexes respectively.II  II  II  II  II

The first weight loss stage in all cases correspond to the
elimination of crystalline water molecules as shown from
Table 1. The thermal decomposition is finally yielding the
corresponding metal oxides, or metallic residue (as in
La(III) complex). DTA curves of these complexes did not
show any endothermic peak assigned to the removal of

complexes. The first exothermic peaks for complexes were
observed within 240 -350 °C range and are accompanied
by weight loss indicating the decompositions. 

TG curve of Fe(II) complex showed 6 stages of
decomposition and finally ended by the existence of
Fe O . The DTA patterns exhibited two endothermic2 3

peaks at 104 and 165 °C corresponding to the removal of
six H O and one ethanol molecules respectively. Also, it2

gave an exothermic weight loss peak at 240 °C suggesting
the decomposition of this complex. Thus, based on the
data of thermal analysis, it is worth to mention that the
thermal stability order for the studied complexes is Co  ~II

Ni  > Cu ~ Fe  > Zn  > Mn ~ Fe .II  II  III  II  II  II

In the light of the foregoing results, the most
reasonable structures of the metal chelates of MDSA are
shown in Fig. 2, where structures 1, 3 are suggested to be
most probable than 2,4 due to the sterric effect.
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Structure 1                                                  Structure 2         
M = Co  (n = 5,  m = 0), Ni  (n = 7,  m = 0), Cu  (n = 2,  m = 0),  Zn  (n = 2,  m = 0) and Fe  (n = 10, m  =1).II        II        II         II         III

                                              Structure 3                                                     Structure 4
M = FeII

                                                                           Structure 5
M = Mn ( n = 2.5), La (n = 3, and one H O molecule is replaced by one OH group ).2

Fig. 2: Proposed structures of MDSA complexes

Biological studies: Screening of antimicrobial activity of affected by the antimicrobial agent than unicellular fungi.
synthesis compounds (1 - 9) recording in Table 2 revealed Salicylic and benzoic acids used in combination also
that MDSA ligand exhibits high activity against test inhibit fungal growth. Whitfield`s ointment contains
organisms. The synthesis Zn  - and Fe -MDSA complexes benzoic and salicylic acid in a ratio 2 : 1. This ointment isII   II

(sample no. 5, 7) exhibit good antimicrobial activity used to prevent fungal growth on the feet, as occurs in
against both (Grame-positive and Grame-negative) athlete’s foot .
bacteria, yeast and filamentous fungi while Co -, Ni -, Cu -II  II  II

and La -MDSA complexes (sample no. 2, m3, 4 and 9) give Effect of MDSA on DNA, RNA and protein biosynthesisIII

moderate activity against test organisms. The other of Staphylococcus aureus NCTC 7447: The effect of
compounds Fe - and Mn -MDSA having numbered 6 andIII   II

8 were found to be inactive against all test organisms. The
activity of MDSA against bacteria, unicellular and
filamentous fungi is given in Table 3. MDSA showed a
strong action against bacteria especially Grame-positive
cocci. Mean while filamentous fungi were more drastically

[18,19]

MDSA on DNA, RNA and protein quantitative
biosynthesis in Staphylococcus aureus NCTC 7447 was
clearly observed. Worthy to mention that an increase in
the amount of the antimicrobial agent was accompanied
by a decrease in the macromolecular biosynthesis of
Staphylococcus aureus (Table 4, 5, 6). Probably the 
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Table 3: MICs of MDSA against bacteria and fungi Table 7: Inhibition zone (mm) of 20  µg discs for MDSA and Neomycin
Organism MICs,µg/ml
Staphylococcus aureus NCTC 7447 5
----------------------------------------------------------------------------------------------
Bacillus subtilis ATCC 7972 6
----------------------------------------------------------------------------------------------
Escherichia coli NCTC 19416 8
----------------------------------------------------------------------------------------------
Pseudomonas aeruginosa ATCC  10145 10
----------------------------------------------------------------------------------------------
Erwinia herbicola NCTC 1003 10
----------------------------------------------------------------------------------------------
Candida albicans IMRU 3669 70
----------------------------------------------------------------------------------------------
Aspergillus niger ATCC 6275 54

Table  4: Effect  of  methylene  disalicylic  acid  (MDSA)  on  DNA 
 biosynthesis in Staphylococcus aureus NCTC 7447

MDSA (MIC) DNA in mg/100 mg cell dry weight
at consecutive time intervals (h)
------------------------------------------------
2 4 6

Control 4.0 7.0 10.0
----------------------------------------------------------------------------------------------
½ 2.0 3.0 3.7
----------------------------------------------------------------------------------------------
1 1.4 1.7 2.0
----------------------------------------------------------------------------------------------
2 1.0 1.2 1.3
----------------------------------------------------------------------------------------------
3 0.7 0.9 1.0
----------------------------------------------------------------------------------------------
4 0.5 0.6 0.7

Table  5: Effect  of  methylene  disalicylic  acid  (MDSA)  on  RNA  
biosynthesis in Staphylococcus aureus NCTC 7447.

Control DNA in mg/100 mg cell dry weight
at consecutive time intervals (h)
------------------------------------------------
2 4 6

½ 7.0 10.0 13.0
----------------------------------------------------------------------------------------------
1 5.0 7.0 9.0
----------------------------------------------------------------------------------------------
2 4.0 5.5 6.3
----------------------------------------------------------------------------------------------
3 2.7 2.3 3.2
----------------------------------------------------------------------------------------------
4 1.5 1.7 1.9

Table 6: Effect  of   methylene   disalicylic   acid   (MDSA) on  protein
biosynthesis in Staphylococcus aureus NCTC 7447

MDSA (MIC) Protein in mg/100 mg cell dry weight
at consecutive time intervals (h)
-----------------------------------------------------
2 4 6

Control 30.0 36.0 41.0
----------------------------------------------------------------------------------------------
½ 24.0 29.0 32.0
----------------------------------------------------------------------------------------------
1 15.7 16.3 17.9
----------------------------------------------------------------------------------------------
2 11.5 12.8 13.5
----------------------------------------------------------------------------------------------
3 7.2 8.1 9.3
----------------------------------------------------------------------------------------------
4 5.0 6.0 7.2

on Staphylococcus species isolated from impetigo disease
Staphylococcus species MDSA Neomycine
Staphylococcus aureus 25 31
----------------------------------------------------------------------------------------------
Staphylococcus epidermidis 27 33
----------------------------------------------------------------------------------------------
Staphylococcus saprophyticus 28 32
----------------------------------------------------------------------------------------------
Staphylococcus haemolyticus 26 32

biosynthesis of protein as well as biosynthesis of
macromolecules DNA, RNA was completely inhibited as
the concentration of MDSA had increased up to 3 × MIC
after 6 h. 

In comparison to neomycin antibiotic, the effect of
MDSA on Staphylococcus species isolated from impetigo
disease for 20 µg disc is shown in Table 7 where the
obtained data revealed that MDSA has a strong action
against Staphylococcus species causes impetigo disease.
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