Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2015, 7(4):815-823

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Studies on theinteraction and effect of Mn(I1), Fe(l1), Co(l1), Ni(11),Cu(ll),
Zn(l1) and Cd(l1) mixed- ligand complexes of cephalexin mono hydrate and
furan-2-carboxylic acid to different DNA sources

Taghreed H. Al-Noor*, Israa AJ. | brahim and Mohmmud Mahdi Jawad

Ibn -Al-Haithem College of Education for Pure Science, Baghdad University, Iraq

ABSTRACT

To evaluate the Interaction of Mn(I1), Fe(I1), Co(Il), Ni(11),Cu(ll), Zn(11) And Cd(I1) Mixed- Ligand Complexes of
cephalexin mono hydrate (antibiotics) And Furan-2-Carboxylic Acid To The Different DNA Sources. All the metal
complexes were observed to cleave the DNA. A difference in the bands of complexes .The cleavage efficiency of the
complexes compared with that of the control is due to their efficient DNA-binding ability and the other factors like
solubility and bond length between the metal and ligand may also increase the DNA-binding ability. The ligands
(Cephalexin mono hydrate (antibiotics) and Furan-2-Carboxylic acid and there newly synthesized metal complexes
shows good antimicrobial activities and Binding DNA , thus, can be used as a new drug of choice in the field of
pharmacy. And for formulating novel medicinal agents.

Key words: Binding DNA, (Cephalexin mono hydrate (antibiojidSuran-2-Carboxylic Acid) complexes.

INTRODUCTION

Transition metal complexes containing heterocyclianpounds have been of considerable interest msteof
structural chemistry, catalysis and biological fiimgs. The field has undergone spectacular growth @ the
synthesis of multidentate ligands from heterocycbenpounds and the complexes of such ligands foithn metal
ions (1-3). The extensive literature on beta-lactanibiotics compounds revels that there existsang connection
between wide spectrums of biological activitieshwi4-7).

Furan-2-carboxylic acid( 4£1,05) (FCAH) is a heterocyclic aromatic compound witref membered ring structure
consisting of four Cklgroups, one oxygen atom and a carboxylic group)(8

In continuation of our work on the chemistry of Mn(ll),Fe(Il),Co(ll),Ni(ll),Cu(ll),Zn(ll) and Cd (1), Mixed

Ligand Complexes of cephalexin mono hydrate (aotits) (CephH)= ( CigH19N3OsS.H,0) and Furan-2-
carboxylic acid (FCA H) =( §H403) . (9) Scheme (1)
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M= Mn(I1),Fe(l),Co(11),Ni(ll),Cu(ll),Zn(I1) and Cd (1)

Scheme (1): Preparation of K,[M (Ceph)(FCA)s] complexes[9]

The resultant complexes are characterized by ngelbioint, conductivity measurement, UV-Vis and |nfea
spectroscopy. Investigation of antimicrobial adies was carried out against the tested organisitisthe
complexes are found to be in octahedral geometslirfinary results indicate that newly synthesinaided ligand
complexes NgM(Ceph)(FCAY)] exhibited promising antibacterial activities athey warrant more consideration as
prospective antimicrobials. The newly synthesizexhgounds were screened for their, DNA cleavage.

EXPERIMENTAL SECTION

Chemical and Solvents All the chemicals and reagents were of AR gradeuesedl without further purification.
Cephalexin powder DSM (Spain) and Furan-2-carboxatiid (Merck).

A general method has been used for the newly syizibe
Nay[Mn(Ceph)(FCA)], Na,[Fe(Ceph)(FCA)4], Na,[Co(Ceph)(FCA)], Na,[NiCeph)(FCA)4],
Na,[Cu(Ceph)(FCA)], Naj[Zn(Ceph)(FCA);s] and Na,[Cd (Ceph)(FCA)3] complexes (9)

Specimens
Plant (Capsicum annuum), Insect (Pierdae), Bac(Escherichia coli) and human blood.

DNA isolation

Plasmid DNA isolated procedure

E. coli isolates were screened for plasmid content byatkaline method of ( Brinboim and Doly ) (10). Seqtad
on a 1% a garose, at 50 ;ol for 1hr. and 1.30hH&r.ONA bands were visualized and photographed uddelight
after the gel had been stained with ethidium bremid

Total DNA for human Blood, Insect, and Bacteria
Promega Genomic DNA Purification Kit (A1120), used €xtraction total DNA from human blood, Insecdan
Bacteria. According to the kit manual.

Plant DNA
Plant DNA extraction according to Ogunkarenal method (9).
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DNA purity
Estimation DNA purity by using nanodrop method (A@dne, USA). The absorbance at 260 nm (A260) a@8@t
nm (A280) for DNA was measured to check its purithie ratio A260/ A280 was found between 1.65 agd.1.

RESULTS

DNA cleavage study
Preparation of culture media for the DNA cleavagaliges of metal complexes and the isolation of DiNéAre
carried out according to the literature procedd.(

Circumstances that used in all experiments foretgdtrophoresis were 75-100 V, 1-1.5 % Agarose fael-2 h
time with incubation of mixture in 3€ for 1-2 h. See Figure (1).

Figure 1: Human DNA-complexesinteraction revealed by1% agarose gel electrophoresis 75V for 2h (C. control)

In Human DNA sample, the DMSO seems to be simifacantrol refers that was no damage, but with FBA,
human DNA shows a little damage as seen in weakimebsightness around the well, CEF shows more DNA
damage that can be seen as clear smear far ofethe w

Cd sample shows almost complete damage but weghktbeiss in DNA residues in the well, but it showssmear
that indicates to different molecular weights ofatifragments of damaged DNA. In Co a little damagéy can be
seen, but it can easily compare with control sarbpleit may belong to the concentration of either metal or the
complex. Cu shows complete damage DNA in the coxplih appearing of wide band far in the gel as an
indicator for broken DNA that have the same molacweight of the cuts yielded. A smear of small&/Abreaks
can be seen above in gel as well. Fe shows a ditteage compared to control sample, while Mn shawitle
damage but there was a smear appears directlytaftenell as an indicator for DNA damage to smadlcps and
that might need longer period for incubation befelectrophoresis, while Ni breaks DNA a little lié brightness
of non moved DNA which still in the well is weak.

Zn damages DNA completely and just a little brokEA still in the well , the period of incubation gfit refer to
saturation of binding location as in many biologjicases as in enzymes.

The repeated results show completely to the dimisibDNA with Cu which transfers to the smear by tiel. The
break is to be less than Zn through moving DNA idetshe well but the (Ni, Co, Mn, Fe)is to be danito control
smear according to the gel.

The insects has been shown the little effect énddse of(Zn, Cd)and it has been shown largelgtteet DNA in
the case of (Co, Ni) with the larger break on (F&1o).The complete break is appeared in (Cu)whgchimilar in
effect in human case. This experiment on inseasrepeated for more assurance (Zn,c.1/2DNA,2h,E@Ngél
)and shows that the (Zn, Ni, Fe, Cd, DMSO) are lsinin the movement of DNA breaks and bands ingbke
followed up less degree in breaking but Cu, Mn, CEINA breaks are to be complete one according & th
arrangement from up to down while FCA, the DNA lieavere different due to the band doesn't more fiioen
well but there is a similar that breaks into vemeadl pieces. See Figure (2).
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Cu Fe Mn Ni Zn

Gel 1% ,75V ,1.5 h ,4-6-2014
(1comp./2DNA ,Inc.37°C ,2h)
Insect

Figure 2: Insect DNA-complex interaction revealed by1% agarose gel electrophoresis 75V for 2h (C. control)

In plant, the experiment shows that the largestategf break is appeared in Copper in additionaoFe but in
certain degree. The image showed to not clear bABINA in gel of (Co, Cd, Zn, Ni) due to it may IBENA mixed
with complex through the incubation with 37 whitlay because pipetting errors. DNA breaks in gebating to
the (Cu, Mn, CEF, FCA) with less degree of Cd, DM&D, Fe, Ni, Zn and it has been similar in contiidie
break appears for (DMSO, CO, Fe, Ni, Zn, FCA, CEf, Cu, Mn) and the high break is appeared duéeo t
arrangement and the plant material which is uséddrexperiment. See Figure (3).

C dmso fca cef Cd Col Cu Fe M|

Figure 3: Plant DNA-complex interaction revealed by1% agarose gel electrophoresis 75V for 2h (C. control)

The bacterial (Ni, Cd) is little in effect in DNAand DMSO is same as the control. The larger bré&\NA appears
(FCA,CEF ,Mn).The smears were similar in the aspéeiffect .It has been shown that the DNA is étilthe well
and not move in positive pole where the Coppersgzompletely broken in DNA.

C DMso FCA €EEF Cd

— s —

A "”

Figure 4: Bacteria DNA-complex interaction revealed by1% agar ose gel electrophoresis 75V for 1h (C. control)
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The experiment showed to highest break in Fe tithwiile the break is to be similar in co, Mn smeahgre Ni is
more break Zn. The breaking DNA band was farthanttihe well. Ni compared with Zn which is relativelear to
the well. See Figure (4).

The effect of Co is become according to the variemears which included (The plasmid) one gel baneiak in

DNA with high degree and long scattered smeareaetid of gel .The next is Cd which appears twosstdeyel that
is to be near to the well which mean that the DN@alss in the well is less than in this case. Infigopit appears
very light band according to the rest complexesibamhe end of smear which contained of DNA is riedhe well

but with less degree in Cd while in Ni it has ba&own the same three bands in the control issgijleared. This
case is repeated in Zn which the three bands dsstils appeared The break in the end of smeagss high the Ni
which refers that the break is happened with lesgrek of Ni and similar to control in addition thet
correspondence of DNA in the well is similar to ttantrol although there is little break refershe tittle brightness
of the three band in the gel. In CEF ,the bandewery weak while in FCA ,the break is little whicefers to the
high end break and near to the well compared wiER @ the same time ,the three bands DMSO wereaaipgédout

with little brightness. See Figure (5)

Figure5: Bacterial plasmid DNA-complex interaction revealed by1% agarose gel electrophoresis 75V for 2h (C. contral )

Furan-2-carboxylic acid (FCAH) =( CsH403)
-With FCA, the human DNA shows a little damage @ansin weakness in brightness around the well.
-With FCA, the Insect DNA breaks were different &ese the band doesn't move from the well but tisesesimilar
that breaks that look like very small pieces.
-Plant DNA with FCA showed complete digestion.

-With bacterial DNA, the larger break of DNA ajppe FCA The smears were similar in the aspectfeteflt has
been shown that the DNA is still in the well and nmve in positive pole.

-In plasmid DNA/ FCA complex, the break is littkehich refers to the high end breaks and near ¢owvihll
compared with CEF in the same time

Cephalexin mono hydrate (antibiotics) ( CephH) /(CEF in picture)

-In Human DNA, CEF shows more DNA damage thatlmaseen as clear smear far of the well.

-In insect, Cu, Mn, CEF, DNA breaks are to be ptate one according to the arrangement from uptend

-Plant DNA with CEF showed complete digestion.

-With bacterial DNA, the larger break of DNA appe CEF. The smears were similar in the aspedfedtelt has
been shown that the DNA is still in the well and nmve in positive pole.

-In plasmid DNA/ CEF complex, the bands were vesalku

DISCUSSION

Dimethyl Sulfoxide Solvent (DM SO)

In Human DNA sample, the DMSO seems to be simiacantrol refers that was no damage , which cosfitihe
effect of dimethysulfoxide (DMSO) against the indon and rejoining of DNA double-strand breaks (3%
mammalian DNA.(11) and accelerate DNA rejoiningridnsect shows that the DMSO is similar in the ement

of DNA bands in the gel with control sample folladvap by a less degree of breaking. In plant, no Divéaks
with DMSO, The bacterial DNA/DMSO mixture is no eft on DNA and DMSO is same as the control. (12) In

819



Taghreed H. Al-Noor et al J. Chem. Pharm. Res,, 2015, 7(4):815-823

Plasmid the three bands were appeared with DMSQvitltlittle brightness. All these results confiritieat DMSO

not only rejoining of DNA double-strand breaks lalgo enhancing transcription (13) ,even with thespnce of
Ethidium bromide ( that used to make DNA visibledan UV light), or with breaking caused by irradiatilight

because DMSO reducing the indirect action of rémli§14).

M(I1) Mixed- Ligand Complexes of Cefalexin And Furan-2-Carboxylic Acid - Different DNA Sources, M=
Mn(I1), Fe(l1),Co(l1), Ni(l1),Cu(l1),Zn(11) and Cd(l1)

Na,[Cd(Ceph)(FCA)3] /(Cd in picture)

Many reports suggest that DNA can also be takem agicount as a potential target of this metal cadmi(15)
because DNA offers many binding sites for cadmi@6y17,18,19) most studies on cadmium complex asasked
on generating new materials up to now and therdeavereports about the interaction of cadmium caxme$ with
DNA.(20,21) Cadmium exposure can produce variousctliand indirect gene toxic effects, such as DA
breaks, DNA-protein cross-linking, oxidative DNArdage, apoptosis, and inhibition of DNA repair.

(22-25) In Human DNA, Cd sample shows almost coteptiamage but weak brightness in DNA residues én th
well, but it shows no smear that indicates to défeé molecular weights of small fragments of danda@&NA.
Cadmium carcinogenesis involves multiple mechanigmduding DNA strand breakage and inhibition oB
repair.(26,27) and the Experimental evidence shthas cadmium (Cd) could induce oxidative stress #reh
causes DNA damage in animal cells.(22). Insects DiN¥as been shown that there was a little effed¢he case of
Cd. In plant, Cd showed obvious DNA breaks confilntigat the Oxidative stress induced by Cd accurniaumdh
plants contributed to DNA damages and was likelyimmportant mechanism of Cd-phytotoxicity in Viciabfa
plants. (22). the bacterial DNA /Cd mixture islétin effect in DNA. the Plasmid DNA/Cd complex whiobserved
in both sides of the gel that is to be near towtb# which mean that the DNA breaks in the wellgss in this case
even if it has been reported that Cd(ll) ion caactevith nucleobases, nucleic metallothionein alagmid DNA
causing extensive damage to these targets.(2@)faibfrtom the well the breaks look higher than titleer materials
supposed that Cd breaks a certain areas from the did/or it may need longer incubation time to @gab .

Na,[Co(Ceph)(FCA);] /( Coin picture)

It was clear that some Cobalt Il complexes maywddaNA (28).In Human DNA, Co a little damage onbncbe
seen, but it can easily compare with control samplmay belong to the concentration of either thetal or the
complex, but In Bacterial DNA, the experiment shdwe little breaks with Co compared with the cohttbat
confirms the results the previous researches datftout effect of Cobalt Il complex on DNA of Anilmaand
Bacteria(29) .Insects DNA showed largely the effebtA in the case of Co.In plant, no or very IitNA breaks
with Co. in Plasmid it seems that a very littleasling effect on the DNA as the plasmid DNA bandpesgped like
that in control. Which confirms the results of usimany complexes of Co with different circumstanties this
metal bind strongly and cleavage the DNA of diffégrerganisms(30,31)

Nay[Cu(Ceph)(FCA);s] /( Cuin picture)

Copper (ll) complexes with the same ligands noryndisplay analogous Coordination geometry and bigaihode
toward DNA.(32,and it could cleave DNA via hydratymechanism(33)Copper (Il) complexes affectedahienal
DNA (29, 34) which been clear for human DNA. In HumDNA, Cu shows complete damage DNA in the complex
with appearing of wide band far in the gel asradidator for broken DNA that have the same molacwight of

the cuts yielded. A smear of smaller DNA breaks banseen above in gel as well. The repeated reshttes
completely to the division of DNA with Cu which trsformed to a smear in the gel. In bacteria thep€ofCu) is
completely broken in DNA. ), and that means tha&t @opper (II) complexes inhibit the growth of baictdo a
greater extent as the concentration is increased.

(29, 34) .1t was clear that the Copper (II) compkexplay important roles in DNA cleavage reacti@®).(ike The
complete break in Insects DNA which appeared in) (@ich is similar in effect in human case. Andplant, the
experiment shows that the largest degree of brapgeared were in Copper thus we can say that BIdAt with
Cu showed complete digestion. Even with plasmidGhes not completely brakes DNA it may need mareetin
incubation or higher concentration or preparatibthe complex in the mean time of the experimeriees DNA or
it might due to saturation of active sites in bBIRA and Cu complex.

Nay[Fe (Ceph)(FCA)3] /(Fe in picture)

DNA cleaved by oxidative water soluble Iron com@eX36) Iron complexes cleaving DNA oxidatively Y3vhen
we measured the relationship between FE complengH&IA by gel electrophoresis after incubation observed
that In Human DNA, Fe shows a little damage compémecontrol sample. Insects DNA showed the lalgeak on
Fe. In plant, no or very little DNA breaks with Febacterial DNA Fe complex, the experiment showeligh
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break in Fe. in Plasmid ,Fe damages the DNA anastlthere is no or very weak band in the gel cosghan all
the other complexes. The weakness in DNA damage doayto Fe concentration when incubated with DNA
because it was reported that The effect is strormjemncreased concentrations of metal ions ,anch ame
electrophoresis with TBE medium which contain EDb&cause the iron forms complexes with EDTA and &s
bound by other components.(38).

Nay[Mn (Ceph)(FCA)3] /(Mn in picture)

The strongest magnetic coupling between Mn (lIsishows the highest DNA cleavage efficiency (39) (Mnare
commonly used to promote DNA binding and cleavay®,éfter all that In Human DNA, Mn shows a litlamage
but there was a smear appears directly after thieawen indicator for DNA damage to small pieced that might
need longer period for incubation before electraphis .Insects DNA showed the larger break on Mmlant, no
or very little DNA breaks with Mn. With bacterialNDA, the larger break of DNA appears Mn The smeagsew
similar in the aspect of effect .it's obvious ttta DNA is still in the well and not move in poséipole. And with
Bacterial Plasmid the Mn is poorly damages the DBlfkough it has been confirmed by The DNA cleavstgdies
that indicate that all the synthesized Mn (ll) cdexes cleaved gram Negative and positive BactdbidiA
effectively.(41) and the poorly efficiency of clealdNA by Mn (II) complexes may due to cofactor riegments
for the support of DNA binding are much more pesivis;(40).

Nay[Ni (Ceph)(FCA);] /(Ni in picture)

The mechanism of Nickel (Il) effect on DNA is thidte metal inhibit the incision step of nucleotidecision

repair.(42) Nickel (II), Copper (lI) and zinc(ll)omplexes with the same ligands normally displayl@gy@us

coordination geometry and binding mode toward DNAe suggestion to sort out the DNA-binding affirtity both

the order of magnitude, going from Ni to Cu to 28) damage to DNA brought about by its covalentlisig with

the metal complex.(44) . Ni breaks Human DNA delittut the brightness of non moved DNA which stilthe well

is weak. Insects DNA showed largely the effect DIMAhe case of Ni. In plant, no or very little DN#eaks with
Ni. The bacterial DNA/ Ni mixture is little in efée in DNA. in plasmid Ni has been shown the samedlbands in
the control is still appeared although it seems there is a very little break. The damage exidteiunclear and
that may due to the fact that the intensity of Haamds on the gel changed due to varied concentsatb the
complex. (44).

Nay[Zn (Ceph)(FCA)3] / (Zn in picture)

Considering the fact that zinc (ll) ions play ed&#mole in prostate cells, we can assume thasiptesformation of
Zn-DNA may be related closely with development gmdgression of a prostate cancer. (45) In Human DNA
sample , Zn damages DNA completely and just & Iitoken DNA still in the well , the period of ifzation might
refer to saturation of binding location as in mdnglogical cases as in enzymes. The repeated seshuttwed that
breaks were less than Zn through moving DNA outtli@ewell. It was reported previously that Zn aféston DNA
damage (43-45).Thus different organisms DNA or DBtAIrces has been tested as Insects DNA which eas be
shown that there was a little effect in the cas&@mfand in plant, no or very litle DNA breaks WwiZn. Where
incase of Bacteria, the experiment showed obvioaaks with Zn compared with the control. In PlasnZid which
the three bands in the gel image of the plasmid Distill appeared ,the breaks in the end of theasis lesser in
height than the Ni which refers that the breakseweppened with less degree.

CONCLUSION

We studied binding oM n(l1), Fe(I1), Co(Il), Ni(ll), Cu(ll), Zn(l11) An D Cd(l1) ions into DNA by the use of the
simple and well available methods (spectrophotoyneind gel electrophoresis).From all experiments use
different source of DNA as available in the laborgtand the differences in results may due not do\DNA
sample but also to the concentration and the pufitthe DNA itself or to the other components oé tBNA
extraction materials and materials concentrationkwith considering that

There are differences between DNA of the organisspecially in bases sequences and composition. fitnsthe
above, it was clear concluded that as the complexssobserved to cleave the DNA, therefore inhithiesgrowth
of the pathogenic organism by cleaving the gencttg [
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