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Abstract 

Aiming to develop non-harmful and wide range efficient antibacterial agents, seven porphyrin derivatives, namely; 

5,10,15,20-tetrapyridylphorphyrinato-Zn(II) (P1); 5, 10,15,20-tetra-(4-carboxy-phenyl)-porphyrin (P2); 5-(4-carboxyphenyl)-

10,15,20-triphenyl-porphyrin (P3); 5, 10,15,20-tetra-(3-hydroxy-phenyl)-porphyrin (P4); 5-(3-hydroxy-phenyl)-10,15,20-tris-

(3,4-dimethoxy-phenyl)-porphyrin (P5); 5-(4-carboxy-phenyl)-10,15,20-tris-(4-phenoxy-phenyl)-porphyrin (P6); 5,10,15,20-

tetrakis(pentafluorophenyl)-porphyrinato-Zn(II) (P7) in gold colloid solution in comparison with gold nanoparticles were 

tested using the diffusion method. The porphyrins that presented an inhibition zone diameter larger than 15 mm, with proven 

antibacterial activity were selected and further tested by the dilution method to establish minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC). Generating an inhibition zone diameter of only 7 mm, the gold 

colloid per se does not fulfil the criteria as antimicrobial agent but we take into account that the porphyrin-gold 

hybrid/mixture might offer an enhancement of the biological activity even in non-illuminated media. All the porphyrin-bases 

present antibacterial activity against the nosocomial Gram-positive Staphylococcus aureus. All the porphyrins meso-

substituted to the phenyl ring with hydroxy- or carboxy-functional groups present a significant antimicrobial activity against 

Enterococcus faecalis. Zn-metalloporphyrins show a lower antibacterial efficiency compared to the porphyrin-bases. The 

best and wide antibacterial activity covering bacilli, cocci and fungi is provided by an A3B mixed asymmetrically substituted 

molecule (P5), acting even at very low concentrations of 0.06 mg/mL. Its significant bactericidal behaviour is probably due 

to its capacity to better penetrate the cell wall based on its amphiphilic character. 

 

Rezumat 

În scopul elaborării de noi agenți antibacterieni, netoxici și eficienți împotriva unei largi categorii de bacili, coci și fungi, au 

fost testate prin metoda difuziunii șapte porfirine notate P1 - P7 în mediu de coloid de aur, precum și nanoparticulele de aur 

ca atare. Porfirinele cu activitate antibacteriană dovedită, care au prezentat un diametru al zonei de inhibiție mai mare de 15 

mm, au fost testate în continuare prin metoda diluțiilor pentru a fi determinate concentrația minimă inhibitorie (CMI) și 

concentrația minimă bactericidă (CMB). Coloidul de aur per se generează o zonă de inhibiție cu un diametru de 7 mm, deci 

nu îndeplinește criteriile pentru un agent antimicrobian eficient, dar prezentul studiu pornește de la prezumpția ca hibridul  

porfirină-nanoaur poate oferi o îmbunătățire a activității biologice chiar și în medii de cultură neexpuse la lumină. Toate 

porfirinele-bază prezintă o activitate antibacteriană certă față de bacteria nosocomială Gram-pozitivă Staphylococcus aureus. 

Toate porfirinele meso-substituite la inelul fenilic cu grupări hidroxil sau carboxil prezintă o activitate antibacteriană certă 

împotriva Enterococcus faecalis. Zn-metaloporfirinele prezintă o activitate antibacteriană mai slabă comparativ cu cea a 

porfirinelor-bază analizate. Cea mai bună eficiență antibacteriană împotriva cocilor, bacililor și fungilor o prezintă porfirina 

P5, de tip A3B, substituită asimetric. Aceasta acționează și la concentrații extrem de mici (diluții mari), iar comportamentul său 

bactericid poate fi explicat probabil prin capacitatea sa de a penetra mai ușor peretele celular datorită caracterului său am fifil. 
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Introduction 

The extensive use of antibiotics lead to the development 

of multi-drug resistant Gram-positive and negative 

bacteria like Pseudomonas aeruginosa, Enterococcus 

faecium, Staphylococcus aureus, Klebsiella pneumonia, 

Escherichia coli (which were reported by WHO in 

2017 as the greatest threat to human health) [1, 2], thus 

invoking an urgent necessity for the identification 

of new antimicrobial compounds. 
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Escherichia coli, Enterococcus faecalis and fungus 

Candida albicans are the organisms most frequently 

capable to form biofilms, considered as organized 

cellular structures. The biofilm forming bacteria exude 

to matrix protein-sugar polymers to create a barrier 

against antibiotics, which is a major concern for 

actual hospital environments. Au- and Ag-NPs are 

recommended for their capacity to inhibit bacteria 

and fungi biofilm growth. 

Au- and Ag-nanoparticles manifest collective coherent 

oscillation with respect to the positive metallic lattice 

at a certain frequency of the light, so that each metal 

nanoparticle can develop optical properties equivalent 

to a million dye molecules. Another advantage is that 

metal nanoparticles are photo-stable and do not undergo 

photo-bleaching [3]. 

Another important issue is to differentiate between 

cytotoxicity and cellular damage [4] produced by Au-

NPs function of their size, shape and concentration. 

A recent research [5] indicated that citrate-capped 

gold nanospheres 13 nm in diameter were not toxic 

for skin cells, but the particles led to decreases in cell 

proliferation, adhesion, and motility. Cytotoxicity 

also depends on the type of cells used. 

Star-shaped AuNPs have been used in drug delivery 

systems directly to the tumour cell nucleus resulting in 

cell death [6]. The same authors established that the 

effect of 34 nm AuNPs on the proliferation of primary 

mouse keratinocytes in concentrations lower that 5 

ppm increased the proliferation of cells, while high 

concentration induced toxic effect. 

In order to design customized nanoparticles for cosmetic 

and transdermal drug delivery application, AuNPs of 

different sizes (2 - 5 nm) and surface charges (cationic 

and anionic) were tested by molecular dynamics 

simulations on the model skin lipid membrane. The 

best permeability was attained by neutral 2 nm gold 

nanoparticle (AuNP) and the lowest for 3 nm cationic 

AuNP [7]. 

Larger functional gold nanoparticles that carried an n-

decane end group was capable to inhibit Escherichia 

coli proliferation at only 32 nM and was effective in 

treating methicillin-resistant Staphylococus aureus 

with minimum inhibitory concentration 8 - 64 nM [8]. 

Porphyrins are tetrapyrrolic macrocycles with amazing 

optical and chemical properties that also possess a high 

binding affinity to cellular components, membranes, 

proteins and DNA and this feature is a prerequisite 

for their biological activity. 

Generally, it was reported that Gram-positive bacteria 

are efficiently inactivated by a large variety of porphyrins 

[9, 10], whereas Gram-negative bacteria only by cationic 

porphyrins [11, 12]. Some porphyrins functionalized 

with amino groups [13] and cationic porphyrins were 

reported [14] to be highly active against both types of 

bacteria, because of a complex action that is beginning 

with the disruption of the bacterial cell wall followed 

by photosensitization. 

These differences arise from the fact that Gram-positive 

species have their outer wall, located outside the cyto-

plasmic membrane and this has a porous structure 

[15]. Instead, Gram-negative bacteria have a higher 

thickness with 10 - 15 nm than the Gram-positive ones 

and a highly organized outer membrane, which inhibits 

the penetration of biologically active species [16]. 

Preserving monomerization is essential for achieving 

drug formulations of high bioavailability. Porphyrin 

aggregates might be inspected by UV-Vis spectroscopy 

due to generating blue shifted bands (H-aggregates) 

in the region beneath 400 nm or red-shifted bands in 

the 450 - 500 nm region assigned to J-type aggregates. 

J-aggregates are described as parallel planes of porphyrin 

caused by edge-to-edge stacking. H-aggregates generate 

stacked planes of porphyrin resulting from face-to-

face aggregation [17]. The main factors that influence 

aggregation are: increased porphyrin concentration, 

acidification [18] and reduced polarity of the environment 

[19], metal ions [20] and presence of surfactants [21]. 

In order to characterize antibacterial potential of the 

porphyrins and metalloporphyrins tested in this study, 

alone and in combinations, we used the agar disk-

diffusion method, followed by Broth microdilutions 

method [22-25]. 

Although a great variety of antibacterial agents have 

been developed during last decades, they usually 

exhibit a low efficacy and/or major side-effects, raising 

a barrier to their clinical translation. Thus, there exists 

the urgent need to develop novel drugs enabling non-

harmful and efficient therapeutic treatments against 

bacteria and fungi. 

The aim of this study is to evaluate various porphyrin 

compounds as potential antibacterial agents. 

These potential antibacterial agents should respect 

the main requirements: to be non-toxic to humans; to 

be effective without the need for light illumination 

and to perform activity both on Gram-positive and 

Gram-negative bacteria. 

To accomplish these requirements the following 

symmetrical and asymmetrical meso-substituted 

porphyrins and Zn-metalloporphyrins were used as 

potential antimicrobial agents: 5,10,15,20-tetrapyridyl-

phorphyrinato-Zn(II) (P1); 5,10,15,20-tetra-(4-carboxy-

phenyl)-porphyrin (P2); 5-(4-carboxyphenyl)-10,15,20-

triphenyl-porphyrin (P3); 5,10,15,20-tetra-(3-hydroxy-

phenyl)-porphyrin (P4); 5-(3-hydroxy-phenyl)-10,15,20-

tris-(3,4-dimethoxy-phenyl)-porphyrin (P5); 5-(4-

carboxy-phenyl)-10,15,20-tris-(4-phenoxy-phenyl)-

porphyrin (P6); 5,10,15,20-tetrakis(pentafluorophenyl)-

porphyrinato-Zn(II) (P7). 
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Figure 1. 

The chemical structures of the seven tested porphyrin derivatives 

 

The evaluation of the antibacterial activity was 

performed both by the diffusion method and by the 

dilution method on a standardized subculture, with the 

determination of the minimum inhibitory concentration 

(MIC) and the minimum bactericidal concentration 

(MBC). 

The reference bacterial strains used for the tests were 

selected such as to include various species: Gram-

positive cocci, Gram-negative bacilli, fungi strains: 

Staphylococcus aureus, Enterococcus faecalis, Salmonella 

enterica serotype typhimurium, Shigella flexneri sero-

type 2b, Escherichia coli, Klebsiella pneumoniae, 

Pseudomonas aeruginosa, Candida albicans and 

Candida parapsilosis. 

 

Materials and Methods 

Porphyrins were obtained in our laboratory as follows: 

the A3B porphyrins P3, P5, P6 by multicomponent 

Adler-Longo synthesis [17, 26, 27]; the symmetrical 

P1, P2, P4 porphyrins by Adler method [28-30] and the 

5,10,15,20-tetrakis(pentafluorophenyl)-porphyrinato-

Zn(II) (P7) was provided by Merck. The nanogold 

colloid solution was prepared using a previously 

published method [31-36] having an initial concentration 

of 4.58 × 10-4 M and the dilutions were performed 

according to biological requirements. 

The following Gram-positive Staphylococcus aureus 

(ATCC25923), Enterococcus faecalis (ATCC51299), 

Gram-negative Salmonella enterica typmhimurium 

(ATCC14028), Shighella flexneri serotype 2b (ATCC 

12022), Klebsiella pneumonia (ATCC700603), 

Pseudomonas aeruginosa (ATCC27853) and Escherichia 

coli (ATCC25922) bacterial strains and two fungal 

strains Candida albicans (ATCC10231) and Candida 

parapsilosis (ATCC 22019) were acquired from Thermo-

Scientific. 

Diffusion method 

The diffusion method, being more facile and less 

expensive, was used for the screening of the anti-

bacterial activity of the tested substances. 

Procedure and material preparation. The tested 

substance is deposited on the surface of a culture 

agar medium, previously inoculated with the tested 

bacterium. Two phenomena occur simultaneously: 

the diffusion of the antimicrobial substance in the 

medium and the proliferation of the bacterium. In the 

areas where the antimicrobial substance has a higher 

concentration than MIC no bacterial growth can be 

detected. The area of the inhibition zone is established 

   
                        (P1)                                                    (P2)                                                  (P3) 
 

   
                              (P4)                                                    (P5)                                                         (P6) 
 

 
(P7) 
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early in the incubation period, as the geometric point 

of all the dots where the tested antimicrobial substance 

reached MIC at the critical moment of the culture. 

Thus, the area of the inhibition zone varies inversely 

with MIC [37, 38]. 

The composition and pH of the culture medium, the 

density of the inoculum, the stability and diffusion 

capacity of the antimicrobial substance, as well as the 

duration and temperature of incubation are among 

the variables that influence the results of the diffusion 

antimicrobial susceptibility tests. 

The reference bacterial strains were developed in 

10 mL glucose broth and then inoculated on agar 

Columbia + 5% sheep blood and the fungi on Sabouraud 

with chloramphenicol, with constant temperature of 

37ºC for 24 hours. 

The density of the inoculum (the number of bacteria 

in contact with the tested substance) is a prerequisite 

for results reproducibility. 

According to Clinical and Laboratory Standards 

Institute (CLSI) Standard, a bacterial suspension in 

sterile saline equivalent to 0.5 McFarland (108 CFU/mL) 

is prepared. For the two Candida strains the density 

of the inoculum was 2 McFarland. 

As culture medium, Mueller-Hinton (BioMerieux, 

France) agar recommended by CLSI was used. This 

medium, that has an appropriate nutritional value, 

allows for the correct evaluation of a large variety of 

germs because it does not inhibit the antimicrobial 

action of the tested compounds. The gelose concentration 

was 1.5% - 1.7%, pH = 7.2 - 7.4 and the thickness of 

the culture medium on the Petri dishes was 4 mm. 

For the Candida strains a Mueller-Hinton medium was 

used, that was supplemented with methylene blue 

(Sanimed, Romania). 

The control of the sterility of the culture media 

consisted in the incubation of a Petri dish from the 

batch for 24 hours at 37ºC. 

Blank paper disk (BioMaxima, Poland) having 6 mm 

diameter were used. 

The tested substances were prepared by pipetting 

200 µL nanogold over 200 mg dry substance. 

Other materials: sterile saline, cotton tampons on wood 

rods and clips were used for the deposition of paper 

disk. 

The technique of disk-diffusion antibiotic resistance 

testing. The standardised bacterial suspension was 

obtained by suspending in the sterile saline of 2 - 3 

culture colonies for 24 hours on Columbia agar + 5% 

sheep blood. For the Candida strains the medium 

was Sabouraud with chloramphenicol. 

The Petri dishes with the medium destined for antibiotic 

resistance testing were dried under controlled temperature 

for approximatively 20 minutes. 

The inoculation was performed with a sterile, non-

toxic cotton wool swab that was dipped in the bacterial 

suspension. The excess was removed by pressing 

against the tube walls. Then the medium was swabbed 

evenly in three directions. A marginal circular striation 

was performed in the end, in order to obtain a uniform 

inoculum. 

After inoculation the dishes were left 5 - 10 minutes at 

room temperature to facilitate the absorption of the 

inoculum in the medium. Then microfilters were 

deposited 25 mm apart and 15 mm from the Petri 

dish edge. The tested substances were deposited as 

volumes of 10 µL on each blank paper disk. 

A single dish was used for each compound to be 

tested, containing the paper disk with the evaluated 

substance and two control paper disks. The positive 

control consists in a 10 µg gentamicin disk (in the 

case of Enterococcus faecalis 120 µg). For the Candida 

strains the positive control was a 10 µg fluconazole 

disk. As negative control a blank paper disk impregnated 

with only nanogold was used. 

The Petri dishes prepared in this way were incubated 

for 24 - 48 h at 37ºC. 

The interpretation of results was done after incubation, 

reading and recording the diameter of the zones of 

inhibition using a ruler. Duplicate tests were performed 

for all bacterial strains. 

Dilution method 

The dilution method allows for the MIC (minimum 

inhibitory concentration) and MBC (minimum 

bactericidal concentration) determination. 

Protocol: increasing dilutions of the tested substances 

dissolved in liquid medium are prepared in separate 

test tubes. Then, fixed amounts of microbial cultures 

are added to each tube and are left to incubate for 

24 h at 37ºC. The lowest concentration of the tested 

substance that inhibits bacterial growth is determined. 

Procedure and materials preparations: sterile test 

tubes, liquid culture medium (Mueller-Hinton broth), 

tested compounds, microbial suspension 0.5 McFarland 

from reference strains, pipettes, thermostat. An inoculum 

is prepared from the 0.5 McFarland bacterial suspension 

by dilution 1:150 in order to obtain a suspension of 

104 CFU/mL (colony-forming units/mL). A further 

dilution 1:2 brings the final inoculum to 5 × 105 

CFU/mL [1]. 

The test was performed in 5 tubes as follows: in each 

tube 0.5 mL bacterial suspension (5 x 105 CFU/mL) 

was pipetted, then 0.4 mL Mueller-Hinton broth and 

0.1 mL of each diluted solution of the investigated 

substance (200 µg substance in nanogold/DMSO 

resulting the following dilutions 1/2; 1/4; 1/8; 1/16; 

1/32). The total liquid volume was 1 mL that was 

finally homogenized. For each tested strain a positive 

control was used. This contained 0.5 mL bacterial 

suspension, 0.4 mL Mueller-Hinton broth and 0.1 

mL nanogold (1 x 10-4 mol/L). The negative control 

contained 0.1 mL compound and 0.4 mL Mueller 

Hinton broth and 0.5 mL nano-Au. 

Interpretation: the first to be read is the control that 

has to be turbid (murky) (if the germs did grow). In 

case there is no bacterial growth, the broth in the 
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control tube is clear and the test is invalid. If the control 

is proper, the procedure was performed correctly and 

the reading of the rest of the test tubes can proceed. 

The medium in the tubes containing the investigated 

substance is clearer than the control, and the smallest 

concentration of substance that inhibits bacterial growth 

(MIC) can be identified. 

Determination of MBC: a volume of 0.1 mL from 

each test tube, including control, was inoculated on 

Mueller-Hinton agar and on Columbia agar = 5% 

sheep blood or Sabouraud with chloramphenicol; the 

incubation was 24 hours at 37ºC; then the lowest 

concentration of substance at which the germs did 

not grow (MBC) was determined [1]. 

Solutions were made from a mixture containing 200 µg 

porphyrin derivatives P1-P7 and 200 µL nanogold 

colloid representing a concentration of 1 mg/mL, 

and diluted to obtain the following dilutions: D 1/2 

(0.5 mg/mL); D 1/4 (0.25 mg/mL); D 1/8 (0.12 mg/mL); 

D 1/16 (0.06 mg/mL); D 1/32 (0.03 mg/mL). 

Reagents 

The used solvents and reagents of the highest purity 

(THF, DMF, chloroform, benzonitrile, DMSO) were 

purchased from Merck and Aldrich. 

 

 

 

Apparatus  

Spectrophotometric measurements were investigated 

on a JASCO model V-650 spectrometer using 1 cm 

wide quartz cuvettes. Fluorescence spectra were recorded 

on a PERKIN ELMER Model LS 55 apparatus in a 

1 cm cuvette. STEM images were registered using a 

Titan G2 80-200 TEM/STEM microscope (FEI Comp., 

The Netherlands). Samples were prepared by drop-

casting the gold and porphyrin derivatives from water 

and benzonitrile on 200 mesh TEM copper grids 

coated with continuous carbon film. The images were 

registered at 200 kV using TEM Imaging & Analysis 

v. 4.7 software. 

 

Results and Discussion 

The absorption spectra of all studied porphyrin-

bases comprise the (π -π*) absorption bands that are 

characteristic for all etio type porphyrins showing 

an intense Soret band around 420 nm and a slight 

shoulder at higher energy, around 400 nm, due to 

B(0,0) and B(0,1) electronic transitions, respectively. 

The four Q bands (of weaker intensity) in the visible 

spectral region are located around 510, 550, 590 and 

650 nm (as presented in Table I and Figure 2). In 

diluted THF or CHCl3 or CH2Cl2 solution at neutral pH 

each spectrum was typical for monomeric porphyrins. 

Table I 

The main absorption and emission band in UV-Vis and fluorescence spectra of the seven porphyrins 

UV-Vis absorption bands [nm] Emission maxima [nm] in THF 

Porphyrin samples Soret QIV QIII QII QI Log ε for 

Soret band 

Solvent Qx(0,0) Qx(0,1) 

5,10,15,20-tetra-pyridyl-

porphyrinato-Zn(II) (P1) 

422  555  594 5.681 THF 602/due to Zn 651 
 

5,10,15,20-tetra-(4-(carboxy-

phenyl)-porphyrin (P2) 

419 515 549 590 646 5.310 DMF 655 717 

5-(4-carboxy-phenyl)-10,15,20-

triphenyl-porphyrin (P3) 

417 513 47 590 647 5.284 THF 654 718 

5,10,15,20-tetra-(3-hydroxy-

phenyl)-porphyrin (P4) 

420 515 549 590 648 5.453 CHCl3 655 717 

5-(3-hydroxy-phenyl)-10,15,20-

tris-(3,4-dimethoxy-phenyl)-

porphyrin (P5) 

423 518 555 592 650 5.041 THF 655 713 

5-(4-carboxy-phenyl)-10,15,20-

tris-(4-phenoxy-phenyl)-

porphyrin (P6) 

420 515 550 592 650 5.240 THF 657 721 

5,10,15,20-tetrakis(pentafluoro-

phenyl)-porphyrinato-Zn(II) (P7) 

420  551  626 5.352 DMF 586/due to Zn 632 
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Figure 2. 

Viscosity curves and the statistical mean of differences expressed by the regression lines 
(2 = P(2); 3 = P(3); 4 = P(4); 6 = P(6)) 

 

 
Figure 3. 

The overlapped spectra of the two Zn-metalloporphyrins 
(1 = P(1); 7 = P(7)) 

 

As expected, the two Zn(II)-porphyrins have a 

diminished number of Q bands due to increasing in 

symmetry from D2h in free base-porphyrins to D4h in 

symmetrical Zn(II)-metalloporphyrins: Zn(II)-5,10, 

15,20-tetrakis-(pentafluorophenyl)-porphyrin and 5, 

10,15,20-tetra-pyridyl-porphyrinato-Zn(II) (Figure 3). 

The emission spectra of bare porphyrins (Figure 4) 

exhibited two maxima, a strong and broad Qx(0,0) 

fluorescence band shifting around 655 nm and a 

weaker emission band situated in the range 712 - 

720 nm, assigned to Qx(0,1) transition. These two 

bands are mirror symmetric with the absorption bands 

QI and QII. This fluorescence behaviour justifies 

the inclusion of these porphyrins in the second 

generation of photosensitizers for PDT treatments 

( > 630 nm), allowing the use of lower laser 

irradiation energy [39]. 

The Zn-metalloporphyrins also give two signals of 

lower intensity, the first located around 585 - 600 nm 

due to the influence of metal and the second band 

around 630 - 650 nm, due to tetrapyrrolic macrocycle 

hypochromically shifted in comparison with porphyrin 

bases. 

Differences between one of the Zn-porphyrin (curve 1) 

derivatives and one of the free base porphyrin (curve 

2) emission spectrum are represented in Figure 4. 
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The intensity of emission of the free-porphyrin is 

higher than that of the Zn-metalloporphyrin. The 

fluorescence band located around 650 nm in case of 

porphyrin-base is significantly hypsochromically 

shifted to 630 nm due to the presence of the strong 

electron withdrawing effect of the twenty fluorine 

atoms and a novel band around 585 nm is caused 

by the metal insertion. 

The antibacterial activity testing of the seven porphyrin 

derivatives in colloidal gold environment and of gold 

colloid solution alone was firstly performed by the 

diffusion method. The reference bacterial strains used 

for the tests were selected such as to include various 

species: Gram-positive cocci, Gram-negative bacilli, 

fungi strains and the results are presented in Table II. 

Taking advantage of the ability of functionalized 

porphyrin-nano-metal hybrids [31-36] to shift the 

UV-Vis excitation wavelength towards near infrared 

regions (NIR), the development of these nanocomposites 

will also be addressed. That is the reason why we 

prepare our porphyrin solutions into diluted nano-

gold colloid, although it was proven to be inactive for 

all the biological performed tests, but the porphyrin-

gold hybrid/mixture might offer a better biological 

activity. 

 

 
Figure 4. 

Overlapped fluorescence spectra for 5,10,15,20-

tetrakis(pentafluoro-phenyl)-porphyrinato-Zn(II) 

(line 1) and 5,10,15,20-tetra-(4-(carboxy-phenyl)-

porphyrin (line 2) 

. 

Table II 

The inhibition areas diameters obtained by the diffusion method 

 Gram-negative bacteria Gram-positive bacteria Fungi 

C
o
m

p
o
u
n
d
 Klebsiella 

pneumoniae 

(ATCC 

700603) 

Shigella 

flexneri 

(ATCC 

12022) 

Salmonella 

enterica 

(ATCC 

14028) 

Escherichia 

coli 

(ATCC 

25922) 

Pseudomonas 

aeruginosa 

(ATCC 

27853) 

Staphylococcus  

aureus 

(ATCC 

225923) 

Enterococcus 

faecalis 

(ATCC 

51299) 

Candida 

albicans 

(ATCC 

10231) 

Candida 

parapsilosis 

(ATCC 

22019) 

P1 9 mm 9 mm 9 mm 9 mm 7 mm 12 mm 11 mm 9 mm 9 mm 

P2 9 mm 9 mm 9 mm 9 mm 9 mm 22  mm 19  mm 19 mm 19 mm 

P3 16 mm 16 mm 16 mm 19 mm 16 mm 19 mm 18 mm 16 mm 16 mm 

P4 16 mm 16 mm 16 mm 19 mm 16 mm 19 mm 18 mm 16 mm 16 mm 

P5 17 mm 17 mm 17 mm 18 mm 18 mm 22 mm 23 mm 25 mm 22 mm 

P6 16 mm 16 mm 16 mm 19 mm 16 mm 19 mm 18 mm 16 mm 16 mm 

P7 16 mm 16 mm 16 mm 19 mm 16 mm 19 mm 18 mm 16 mm 16 mm 

n-

Au 

7 mm 7 mm 7 mm 7 mm 7 mm 7 mm 7 mm 7 mm 7 mm 

 

The compounds that exhibited an inhibition area larger 

than 15 mm (inhibition produced by the positive 

control gentamicin) were considered as having anti-

bacterial activity and were further tested by the dilution 

method. 

A correlation is observed between the inhibition zone 

diameter obtained by diffusion method (Table II) 

and MIC and MBC determined by dilution method 

(Table III). The larger the dilution of the investigated 

substance, the higher antibacterial activity can be 

observed. 

The compounds P2, P3, P4, P5, P6 and P7 that 

presented an inhibition zone diameter larger than 15 

mm (inhibition generated by the positive control 

gentamycin) were considered as possessing anti-

microbial activity and were further tested by dilution 

method. Minimum inhibitory concentration (MIC) 

and minimum bactericidal concentration (MBC) were 

established. 

It is considered that a substance does not present 

antibacterial activity, it is inactive, when the diameter 

of the inhibition zone is in the 7 mm - 9 mm range; 

a poor activity exhibits when the diameter ranges 

from 10 mm to 14 mm; a moderate antimicrobial 

activity is considered when the diameter ranges from 

15 mm to 18 mm and if the diameter exceeds 18 mm 

the compound is considered to have a significant 

antimicrobial activity. 
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Table III 

Antibacterial activity tests using the dilution method  
Klebsiella 

pneumoniae 

Shigella 

flexneri 

Salmonella 

enterica 

Escherichia 

coli 

Pseudomonas 

aeruginosa 

Staphylococcus 

aureus 

Enterococcus 

faecalis 

Candida 

albicans 

Candida 

parapsilosis 

P1          

P2      CMI D1/16 

CMB D1/16 

CMI D1/16 

CMB D1/16 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

P3 CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/2 

CMB D1/2 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

P4 CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/2 

CMB D1/2 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

P5 CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/8 

CMB D1/4 

CMI D1/16 

CMB D1/8 

CMI D1/16 

CMB D1/8 

CMI D1/16 

CMB D1/8 

P6 CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/8 

CMB D1/4 

CMI D1/8 

CMB D1/4 

CMI D1/8 

CMB D1/4 

CMI D1/8 

CMB D1/4 

P7 CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/4 

CMB D1/2 

CMI D1/2 

CMB D1/2 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

CMI D1/4 

CMB D1/4 

 

Porphyrins P1 and P2, namely: Zn(II)-tetra-pyridyl 

porphyrin and tetrakis-4-carboxyphenyl-porphyrin 

respectively, presenting an inhibition diameter in the 

7 mm and 9 mm range, are inactive against all tested 

Gram-negative reference strains. Porphyrin P1 is also 

inactive against fungi (Candida albicans and Candida 

parapsilosis), presenting an inhibition diameter of 9 

mm but has a weak antibacterial activity against 

Gram-positive bacterial strains Staphylococcus aureus 

and Enterococcus faecalis, (inhibition diameters of 

12 mm and 11 mm respectively). Porphyrin P2 has an 

obvious antibacterial activity against Gram-positive 

cocci and against fungi, the inhibition diameters being 

larger than 18 mm (22 mm for the case of Staphylococcus 

aureus and 19 mm for Enterococcus faecalis, Candida 

albicans and Candida parapsilosis). 

The porphyrins P4, P5, P6 and P7 presented a moderate 

activity against Gram-negative bacilli Klebsiella 

pneumoniae, Shigella flexneri, Salmonella enterica 

and Pseudomonas aeruginosa, developing an inhibition 

zone with the diameter in the range 16 mm - 18 mm, 

but against Escherichia coli the antibacterial activity 

was significant, the inhibition zone measuring 19 mm. 

Except for P1, all the other porphyrins present an 

obvious antibacterial activity against the Gram-positive 

S aureus, developing an inhibition zone of 19 - 22 mm. 

Comparing the antibacterial efficiency of the Zn-

metalloporphyrins with the porphyrin-bases it can be 

concluded that, in our environmental conditions, the 

presence of metal does not significantly influence the 

capacity to fight against both bacteria and fungi. The 

porphyrins P2 and P5 present a significant antimicrobial 

activity against Enterococcus faecalis with an inhibition 

zone of 23 mm, instead the bactericidal activity of 

porphyrins P3, P4, P6 and P7 is moderate. 

Generating an inhibition zone diameter of only 7 mm, 

the gold colloid per se does not fulfil the criteria as 

antimicrobial agent. 

Table IV 

Antibacterial activity of porphyrins against reference strains 

Compound K. 

pneumoniae 

S. 

flexneri 

S. 

enterica 

E. coli P. 

aeruginosa 

S. aureus E. 

faecalis 

C. 

albicans 

C. 

parapsilosis 

P1 inactive inactive inactive inactive inactive weak weak inactive inactive 

P2 inactive inactive inactive inactive inactive Obvious 

(strong) 

obvious obvious obvious 

P3 moderate moderate moderate obvious moderate obvious moderate moderate moderate 

P4 moderate moderate moderate obvious moderate obvious moderate moderate moderate 

P5 moderate moderate moderate obvious moderate obvious obvious obvious obvious 

P6 moderate moderate moderate obvious moderate obvious moderate moderate moderate 

P7 moderate moderate moderate obvious moderate obvious moderate moderate moderate 

nano-Au inactive inactive inactive inactive inactive inactive inactive inactive inactive 

 

Mixed asymmetrically substituted P5 porphyrin, as 

a representative of Second generation sensitizers, is 

characterized by improved photo-physical properties 

capable to reduce skin photosensitivity and to increase 

quantum yields (Φf = 0.148 ± 0.011) and is able to be 

distorted in saddle type architecture and to generate 

by aggregation biomorphic structures (Figures 5a and 

5b) [27]. The so-called amphiphilic molecules, since 

porphyrin ring is hydrophobic, are able to better 

penetrate the cell wall justifying its significant anti-

bacterial activity. Contrary to our expectation, gold 

colloid solution alone does not present antibacterial 

activity, probably due to a strong tendency to 

aggregate in long chains (Figure 5c). 
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Figure 5. 

STEM image of the P5 porphyrin from benzonitrile solution and of gold colloid solution from water 

 

Conclusions 

The antibacterial activity testing of the seven porphyrin 

derivatives in colloidal gold solution and of gold 

colloid solution alone was performed by the diffusion 

method. The compounds P2, P3, P4, P5, P6 and P7 that 

presented an inhibition zone diameter larger than 15 

mm were considered as having antibacterial activity 

and were further tested by the dilution method, for 

the establishing of MIC and MBC. Generating an 

inhibition zone diameter of only 7 mm, the gold colloid 

per se does not fulfil the criteria as antimicrobial agent 

probably due to a strong tendency to aggregate in 

long chains, as proven by STEM analysis. 

Porphyrins P1 and P2 are inactive against all tested 

Gram-negative reference strains. Zn-metalloporphyrin 

P1 is also inactive against fungi, but has a weak 

antibacterial activity against Gram-positive bacterial 

strains. Nevertheless, porphyrin P2 has an obvious 

antibacterial activity against Gram-positive cocci and 

against fungi, the inhibition diameters being larger 

than 18 mm (22 mm for the case of Staphylococcus 

aureus and 19 mm for Enterococcus faecalis, Candida 

albicans and Candida parapsilosis). 

The porphyrins P3, P4, P5, P6 and P7 presented a 

moderate activity against Gram-negative bacilli 

providing exceptional results against Escherichia 

coli. 

A remarkable result is that, excepting P1, all the other 

porphyrins present an obvious antibacterial activity 

against multi-drug resistant Gram-positive S. aureus. 

The porphyrins P2 and P5 present an obvious anti-

microbial activity against another nosocomial bacteria 

Enterococcus faecalis with an inhibition zone more 

prominent than that of P3, P4, P6 and P7. 

Zn-metalloporphyrins show a lower antibacterial 

efficiency compared to the porphyrin-bases in our 

environmental conditions, proving that the presence 

of metal does not significantly influence the capacity 

to fight against both bacteria and fungi. 

The best antibacterial activity covering bacilli, cocci 

and fungi is provided by an A3B mixed asymmetrically 

substituted amphiphilic molecule (P5) that is probably 

more capable to better penetrate the cell wall justifying 

in this way its significant bactericidal behaviour. 
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