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A novel biocompatible and bioactive Metal-Organic Framework (BioMOF), named BioMIL-

5 (Bioactive Materials from Institut Lavoisier), was hydrothermally synthesized from a Zn2+ 

salt and azelaic acid, both with interesting antibacterial and dermatological properties. Its 

structure was determined by high resolution X-ray powder diffraction, and further 

characterized by infrared spectroscopy, thermogravimetric analysis and elemental analysis. 

On the other hand, the determination of the minimal inhibitory concentration (MIC) and 

minimal bactericidal concentration (MBC) values of BioMIL-5 in Staphylococcus aureus 

and Staphylococcus epidermidis, demonstrated that the antimicrobial activity of the 

individual components of BioMIL-5 were maintained after its synthesis. Moreover, BioMIL-

5 was found to be stable in water and in bacterial culture medium, especially in water, 

leading to the subsequent progressive release of its active constituents, AzA and Zn 2+ ions. 

Interestingly, this slow active delivery allowed a control of the growth of a S. epidermidis 

suspension over 7 days. The high stability of this material and the maintenance of its 

antibacterial properties make BioMIL-5 a good candidate for future bioapplications, for skin 

care and in cosmetics. 

 

 

 

 

 

 

 

 

Introduction 
Metal-Organic Frameworks (MOFs) are a very versatile group 

of crystalline hybrids, due to their broad application fields, 

including catalysis, separation or gas storage, among others.1 

Although their first potential applications were mainly focused 

on these fields, in recent years, MOFs have also been directed 

towards biomedicine.2 These have been evaluated as new 

controlled delivery systems for drugs,2a,3 cosmetics,4 or 

biologically active gases,5 encapsulation of enzymes6 and 

finally for imaging7 and theranostics.3a,8 

MOFs can work as drug controlled-release carriers by i) 

entrapping the active molecule within their porosity3-6 or by ii) 

incorporating the biomolecule as a constitutive part of their 

skeleton.2b,9 In this latter case, these are also known as 

BioMOFs (Bioactive Metal-Organic Frameworks). This latter 

strategy permits the use of therapeutically active molecules 

bearing multiple complexing groups, as well as bioactive 

cations (Ca2+, Fe2/3+, Ag+, Zn2+), to build the BioMOF and then 

deliver the active compounds via framework degradation.10 

While the best antibacterial activity has been validated for 

antibacterial-metal molecular complexes by combining 

different antibiotic drugs and metals,11 to the best of our 

knowledge, no studies dealing with such combination have 

been published about MOFs. Indeed, studies reporting the 

antibacterial activity of MOFs are typically based on non-toxic 

antimicrobial cations (Zn2+,12 Ag+ 10a,13).  

In particular, Zn2+ is an endogenous low-toxic transition metal 

cation14 widely used in dermatology, as a cicatrizing agent and 

skin moisturiser with antidandruff, astringent, anti-

inflammatory and antibacterial properties,15 but without 

controlled release.  

On the other hand, azelaic acid (nonaedioic acid or AzA) 

exhibits antibacterial16 and anti-inflammatory17 properties and 

is regularly used as a routine treatment against acne vulgaris18 

and rosacea.19 AzA has shown a great potential for the 

treatment of other skin pathologies such as malignant 

melanoma,20 hyperpigmentation21 and melasma.22 However, it 

is poorly absorbed through the skin and requires several 

applications to maintain active levels for an extended period.23 

The combination of AzA and Zn2+ into a robust MOF would 

result into long drug release carriers. The development of such 

drug delivery systems could contribute to major technological 

progress for future bioapplications in dermatology and skin 

care. 

In the present study, we report the synthesis of a new BioMOF, 

named BioMIL-5 (MIL stands for Materials of Institut 
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Lavoisier), based on Zn2+ ions as inorganic nodes and AzA as 

the organic linker, both with very interesting properties for the 

dermatological treatment of various skin disorders. First, its 

structure was determined by means of high resolution X-ray 

powder diffraction data, further confirmed by physic-chemical 

characterizations. The release of its active constitutive 

compounds was also assessed by stability tests of BioMIL-5 in 

water and in bacteria broth at 37 ºC. Finally, the antibacterial 

activity of BioMIL-5 was evaluated by using 2 common Gram-

positive bacteria normally found in skin (S. aureus and S. 

epidermidis). 

 

Experimental section 
Chemicals and reagents 

Zinc nitrate hexahydrate (Zn(NO3)·6H2O) and azelaic acid 

(AzA) were purchased from Sigma-Aldrich (Germany). All 

solvents, absolute ethanol (EtOH) and nitric acid 37% (HNO3 

37%) were acquired from Carlo Erba (Italy), except for the high 

performance liquid chromatography (HPLC) grade acetonitrile 

(AcN) and dimethylsulphoxide (DMSO) acquired from Merck 

KGaA (Germany). AzA-derivatization was accomplished using 

4-bromophenacyl bromide and N,N-diisopropylethylamine, 

both purchased from Sigma-Aldrich (Germany) and ammonium 

formate (NH4HCO2) purchased from AVOCADO Research 

Chemical Ldt. (UK). The Zn standard for atomic absorption 

spectroscopy 1 mg·mL-1 Zn in nitric acid TraceCERT® was 

purchased from Fluka (Switzerland). Both Mueller-Hinton 

cation adjusted broth (MHCA) and trypticase soy agar (TSA) 

were purchased from Becton Dickinson and Company (USA).  

 

BioMIL-5 synthesis and characterisation 

BioMIL-5 synthesis: 297 mg of Zn(NO3)·6H2O (1 mmol) 

together with 47 or 188 mg of AzA (0.25 or 1 mmol) and 5 mL 

of MilliQ water were put inside a 23 mL Teflon Parr Bomb 

(Parr Instrument Company, USA) and incubated for 24 h at 200 

ºC in a Heraeus Oven (Thermo Scientific, USA) with a ramp to 

temperature of 1 h. Then, the particles were recovered by 

filtration and washed with water. Initial conditions based on a 

Zn:AzA stoichiometry of 1:0.25 led to a good crystalline solid 

used for structural determination but with the presence of a 

ZnO impurity. 

Optimized synthetic conditions, based on a Zn:AzA 

stoichiometry equal to 1:1, yielded a pure BioMIL-5. The 

amount of recovered solid was approximately 150 mg (yield 

52%).  

 

Structural determination 

No suitable single crystal with a sufficient size or quality for a 

structural investigation was available. High resolution X-ray 

powder diffraction data were then collected on the CRISTAL 

beamline at Soleil Synchrotron (Gif-sur-Yvette, France). A 

monochromatic beam was extracted from the U20 undulator 

beam by means of a Si(111) double monochromator. Its 

wavelength of 0.72528 Å was refined from a LaB6 (NIST 

Standard Reference Material 660a) powder diagram recorded 

prior to the experiment. High angular resolution was obtained 

with, in the diffracted beam, a 21 perfect crystal Si(111) multi-

analyzer similar to the one employed on beamline ID31 at 

ESRF.24 The sample was loaded in a 0.7 mm capillary 

(Borokapillaren, GLAS, Schönwalde, Germany) mounted on a 

spinner rotating at about 5 Hz to improve the particles’ 

statistics. Diffraction data were collected for less than 2 h in 

continuous scanning mode and the diffractogram was obtained 

from the precise superposition and addition of the 21 channels 

data.  

Extractions from the peak positions, pattern indexing, Fourier 

difference calculations and Rietveld refinements were carried 

out with the TOPAS program.25 Structural determination was 

performed with the EXPO package,26 using EXTRA for 

extracting integrated intensities and SIR97 for direct-method 

structure solutions. 31 restraints on Zn-O, C-C and C-O 

distances were applied in order to maintain a suitable geometry 

during the refinement. Hydrogen atoms were introduced 

geometrically and not refined. 

Fourier Transformed Infrared Spectroscopy (FTIR) was 

analyzed on a Thermo Nicolet 6700 spectrometer (Thermo, 

USA) registering the spectra at a wavelength interval of 4000-

400 cm-1 at RT. Thermogravimetric analyses (TGA) were 

carried out using a Perkin Elmer Diamond STA 6000 apparatus 

(Perkin Elmer, USA) under oxygen gas with a heating rate of 3 

°C·min-1. Morphologic analysis of the crystals was carried out 

with a field-emission gun scanning electron microscope (FEG-

SEM) JEOL JAMP 9500F (JEOL GmbH, Germany), dynamic 

light scattering (DLS) measurements with a Mastersizer 

S®(Malvern Instruments, UK).  

 

BioMIL-5 degradation and release of AzA and Zn 

For the BioMIL-5 degradation study and AzA and Zn2+ release 

monitoring, 1 mL of media (water or MHCA broth) was added 

to 4.3 mg of solid and kept inside an incubator under rotational 

stirring at 37 ºC during 70 days. After different incubation 

times, the samples were removed from the incubator and 

centrifuged (14100 g/15 min). The pellet was characterized by 

means of FTIR, XRPD, SEM and DLS. The released amount of 

AzA and Zn was quantified in the sample supernatant by high 

performance liquid chromatography (HPLC) and atomic 

absorption spectroscopy (AAS), respectively. The solubility 

values of AzA in both media at 37 ºC were experimentally 

accomplished being 2.2 and 3.4 mg·mL-1 for water and MHCA, 

respectively. 

 

Quantification of AzA 

AzA released from BioMIL-5 was analysed after its 

derivatization by an HPLC system (Waters Alliance C2695) 

coupled to a photodiode array detector (PDA) (Waters E2998) 

and controlled by Empower software (Version 5.00, Waters 

Corporation, USA). The derivatization was carried out by a 

previously described method27 with minor modifications. 

Briefly, 1 mL of supernatant was added to 500 µL of 4-

bromophenacyl bromide (50 mg·mL-1 in AcN) and 200 µL of 

N,N-diisopropylethylamine. After their vortex mixing, samples 

were incubated at 60 ºC during 30 min and analyzed by HPLC.  

The chromatographic separation was carried out using a 

Durashell C18 column (5 µm, 150 mm x 4.6 mm I.D., Agela 

Technologies Inc, USA) protected by a guard cartridge 

precolumn with the same packing material. For all the samples, 

an isocratic elution profile was established and the flow rate 

was set at 1 mL·min-1. The mobile phase composition varied 

depending on the sample type, being 80% of AcN and 20% of 

NH4HCO2 1 M (pH=5) for water samples and 50% of AcN and 

50% of NH4HCO2 1 M (pH=5) for MHCA broth samples. The 

injection volume was 20 µL and AzA was detected by UV 

absorbance at the wavelength of 250 nm. The standard curve 

was prepared by dilutions of a 1 mg·mL-1 AzA mother solution 

in AcN.  
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Quantification of Zn 

The Zn2+ content of the samples was analyzed using a Thermo 

Electron Corporation M Series atomic absorption spectrometer 

(Thermo Scientific, USA) with a Zn lamp at 213.9 nm using 

SOLAAR software (Thermo Scientific, USA). Samples were 

diluted 1:100 (in water/MHCA depending on the sample type) 

prior to analysis and the calibration curve was prepared by 

dilutions of the Zn2+ standard in HNO3 2%. 

 

Antibacterial activity studies 

Antibacterial properties of the synthesized BioMIL-5 were 

evaluated against Staphylococcus aureus ATCC (American 

Type Culture Collection) 25923 and Staphylococcus 

epidermidis ATCC 12228. Experiments were performed with 

fresh bacteria previously incubated on TSA plates at 37 °C for 

24 h. 

First, minimal inhibitory concentration (MIC) and minimal 

bactericidal concentration (MBC) values for BioMIL-5 and its 

individual components (AzA and Zn) were determined in 

MHCA broth by broth microdilution method according to the 

CLSI recommendations.28 Experiments were carried out by 

suspending BioMIL-5 in these media at 37 °C, as well as the 

equivalent amounts of its individual components (1.1 and 3.2 

mg, for Zn and AzA, per 4.3 mg of BioMIL-5 respectively). 

Briefly, stock concentrations of BioMIL-5, as well as the 

corresponding amounts of their constitutive ligand and metal 

(AzA and Zn), were prepared in 0.9% saline solution and 

further diluted in MHCA broth to different concentrations. 

Bacterial suspensions in 0.9% saline solution were adjusted to 

an optical density of 0.085 (600 nm) (∼108 colony forming 

units (CFU)·mL-1) with a Thermo Scientific Genesys 20 

Spectrophotometer (Thermo Scientific, USA) and diluted 1:100 

in MHCA broth. The real inoculum was determined by plating 

appropriate dilutions on TSA plates. Finally, 100 µL of each 

treatment were mixed with 100 µL of each bacterial suspension 

in 96-well plates resulting in final treatment concentrations 

ranging from 0.031 to 6 mg·mL-1. As a control for bacterial 

growth, treatment-free medium was also included. After 

incubation at 37 °C for 24 h, MICs were defined as the lowest 

concentration of drug that resulted in no visible bacterial 

growth. For MBC determination, aliquots of 20 µL from the 

wells without visual bacterial growth were plated on TSA 

plates and incubated for 24 h at 37 °C. The minimum 

concentration that yielded more than 99.9% killing of the 

bacteria was defined as the MBC of each treatment. 

On the other hand, in order to study the antibacterial properties 

of BioMIL-5 over time, a S. epidermidis suspension in MHCA 

broth (5x105 CFU·mL-1) was exposed to increasing 

concentrations of the BioMOF (0.9, 1.7 and 4.3 mg·mL-1) and 

bacterial growth was monitored at 37 ºC and kept under stirring 

during 7 days. For comparing the previous results, the growth 

of non-treated bacteria was also monitored. At different 

incubation times, 100 µL of each bacterial suspension were 

plated on TSA plates for colony counting. Results of CFU 

counts were transformed into logarithms and represented vs. 

time to obtain the bacterial growth curves. 

 

Results and discussion 
BioMIL-5 synthesis and characterisation 

White-shining thin platelet-shaped crystals (5-10 µm, with a 

few larger ones of around 30 µm) of the zinc azelate BioMIL-5 

were initially prepared using a hydrothermal route and a 

Zn:AzA stoichiometry of 1:0.25. BioMIL-5 crystallises in the 

orthorhombic unit cell (a=47.288(1), b=4.7297(2), c=9.3515(3) 

Å; V=2091.5(1) Å3). Systematic absences were consistent with 

the Pcca space group (n. 54). Unindexed lines observed on the 

powder pattern correspond to ZnO impurity due probably to the 

large excess of the Zn precursor (Zn:AzA=1:0.25). Its structural 

model was introduced in the next steps of the structural 

investigation. Direct methods calculations allowed location of 

one independent zinc atom with most of its environment with 

few carbons. This structural model was completed by 

successive difference Fourier calculations. At the final stage, 

Rietveld refinement for BioMIL-5 involved the following 

structural parameter: 45 atomic coordinates, 1 overall thermal 

factor and the scale factor. The anisotropic line broadening 

effect was modelled by using spherical harmonics and soft 

restraints were maintained on bond lengths and angles. The 

final Rietveld plot (Fig. S1) corresponds to satisfactory crystal 

structure model indicator (RBragg=0.029) and profile factors 

(RP=0.076 and RWP=0.104). The amount of ZnO was estimated 

at about 5 wt% (weight). The unit cell contains one independent 

Zn atom located in a general position and two independent 

organic moieties located on a mirror, leading to the chemical 

formula Zn(C9O4H14). Crystallographic data are summarized in 

Tab. S1. 

This structure is very close to the one of the cobalt pimelate 

MIL-36 or (Co(C7H10O4)).
29 Similar structures have been more 

recently reported based on a cobalt adipate (Co(C6H8O4)) or a 

zinc glutarate (Zn(C5H6O4)).
30 Each Zn atom is tetrahedrally 

coordinated by oxygen atoms coming from the carboxylate 

groups of 4 azelate ligands. This leads to an infinite grid in the 

(011) plane of ZnO4 tetrahedra linked by bridging CO2
- groups 

(see Fig. 1). The connection along the [100] direction is insured 

by the aliphatic chains giving rise to the neutral 3-D framework 

of BioMIL-5. Therefore, a non-porous framework is generated, 

with a clear segregation of the hydrophilic (carboxylate+Zn) 

and hydrophobic part (alkyl chains). The shortest C...C 

distances between adjacent walls are 3.65(1) Å and 4.04 Å, 

respectively, suggesting a rather close packing of the long alkyl 

chains of the azelate ligand. 

 
 

Fig. 1 Projections of the crystal structure of BioMIL-5 along [010] and 

[001] directions. Zn polyhedral and carbon atoms are in green and 
yellow, respectively. 

 

In order to prevent the formation of the ZnO impurity, synthetic 

conditions were further optimized by increasing the Zn:AzA 

ratio from 1:0.25 to 1:1. Thus, white-shining platelet-shaped 

crystals (10±6 µm; Fig. 2) of the pure zinc azelate BioMIL-5 

were successfully synthesized using a biocompatible and green 

hydrothermal route, avoiding the use of any toxic additive. 
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XRPD confirmed the identity and the purity of the whole 

polycrystalline product (Fig. 3).  

 

 
 

Fig. 2 SEM images of BioMIL-5 after synthesis (A), and after 70 days 

in Mueller Hinton Cation Adjusted broth or MHCA (B) and in water 

(C). The scale bar for all images is 10 µm. 
 

 
Fig. 3 Comparison of experimental (black points) and calculated (red 

line) patterns of BioMIL-5, confirming the purity of the solid. 
Laboratory X-ray powder diffraction data were collected on a Siemens 

D5000 diffractometer by using CuK radiation. The pattern was 

scanned over an angular range 3-80° (2) with a step length of 0.02° 

(2). 

 

TGA analysis showed the absence of any residual solvent as 

well as only one weight loss of 67.2 wt% at around 320 °C, 

corresponding to the combustion of the azelate ligand (Fig. S2), 

in agreement with the proposed structural formula (ZnO 

theo.=32.3 wt%; calc.=32.8 wt%).  

FTIR spectrum of the BioMIL-5 showed the presence of (C-

O) at 1450 and 1550 cm-1. In addition, the absence of the 

(C=O) band at 1700 cm-1 confirmed the absence of free-

remaining azelaic ligand (Fig. S4). 

Thermal stability of BioMIL-5 under air atmosphere reached 

300°C, as indicated by X-ray powder thermodiffraction 

patterns, in agreement with TGA (Fig. S3).  

 

BioMIL-5 degradation and release of AzA and Zn 

In order to assess whether BioMIL-5 will be able to 

progressively release its therapeutic constitutive molecules (Zn 

and AzA), the BioMIL-5 degradation was studied in 2 different 

media: i) MilliQ water for simulating skin conditions and ii) 

MHCA bacteria broth, a more complex medium composed by 

many organic and inorganic nutrients (among them aminoacids, 

sugars, casein, inorganic salts, etc).31 This last medium will be 

further used to evaluate the MIC and MBC values (see Results 

and Discussion, Antibacterial Activity Studies). Experiments 

were carried out suspending 4.3 mg·mL-1 of BioMIL-5 in these 

media at 37°C. The degradation and subsequent release of AzA 

and Zn2+ from BioMIL-5, was monitored by analyzing both 

supernatant and pellet at different incubation times (see 

Experimental Section). Degradation is represented as the wt% 

of the linker released in the medium, considering 100% as the 

total degradation of the BioMOF that is when the entire amount 

of linker and metal that build the particles is released to the 

medium. 

As can be seen in Fig. 4, a perfect correlation was found 

between the degradation values obtained from the Zn2+ or AzA 

release in water (i.e. release of 6.9±0.0 and 8.3±0.3% after 7 

days or 56.6±3.9 and 51.4±0.1% after 70 days for Zn and AzA, 

respectively). On the other hand, a slight difference between the 

degradation values estimated from either the Zn2+ or AzA 

release in the MHCA broth medium was observed (i.e. release 

of 14.8±0.2 and 30.5±0.0% after 7 days or 100.8±0.1 and 

92.3±0.0% after 70 days for Zn and AzA, respectively). This 

might be related to the presence of components in the medium 

able to interact differently with the AzA and Zn2+ complexes.

 
 

Fig. 4 Delivery profile of azelaic acid (AzA) and zinc (Zn) in Mueller 

Hinton Cation Adjusted broth or MHCA (M) and in water (W): 

AzA(M) (pink), AZA(W) (blue), Zn(M) (green) and Zn (orange) (W). 

 

As can be observed in Fig. 4, BioMIL-5 degrades slowly and 

progressively n both media, the release in water being even 

slower than in MHCA broth. For instance, the degradation in 

water was found to be 8 and 55% after respectively 7 and 70 

days of incubation, whereas in MHCA broth, the degradation 

was 25 and 95% after 7 and 70 days, respectively. The 

higher pH value obtained in MHCA in comparison with its 

value in MilliQ water (7.4 vs. 6.0), was several units above the 

pKa of the azelate ligand (pKa=4.55 and 5.41),32 and might 

favor the formation of Zn oxide/hydroxide and therefore, the 

degradation of the solid.33 In addition, the presence of several 

aminoacids, sugars and salts, in particular some phosphate 

groups (present in the MHCA broth composition for casein 

hydrolysis)31 able to compete for the coordination of the Zn2+ 

cation with the azelate ligand, might explain the faster 

degradation of BioMIL-5 in MHCA. This fact is in total 

concordance with that already seen in other metal carboxylate 

MOFs when exposed to phosphate buffered saline.3b,34 

In this sense, FTIR spectra (Fig. S5) show an important 

intensity decrease on the bands at around 1450 and 1550 cm-1, 

corresponding to the carboxylate bonds, as well as the presence 

of traces of free carboxylic bands ((C=O)) at around 1700 cm-

1. These results, together with the apparition of new bands at 

1000 cm-1, which can be assigned to (P=O) bands, are in 

complete agreement with the degradation of BioMIL-5 in 

MHCA medium.  

Furthermore, in both media, the BioMIL-5 was not fully 

degraded during the degradation process, as confirmed by the 

XRPD patterns depicted in Fig. S4. Whereas BioMIL-5 did not 

show any significant variation even after 70 days of immersion 

in water, confirming the high stability, an important Bragg peak 
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broadening was observed after 70 days in MHCA broth 

medium, consistent with a larger extent of degradation. 

Interestingly, despite the progressive degradation of BioMIL-5 

in MHCA broth, with around 95% of their constitutive parts 

released to the medium, the small amount of remaining solid 

stays crystalline up to the end of the assay. The important 

stability of BioMIL-5 contrasts with other previously reported 

zinc dicarboxylates, such as the well-known MOF-5.35 This is 

due both to the absence of pores in BioMIL-5 and its 

hydrophobic character.36 

Moreover, the morphological study showed that contrary to the 

large and polydispersed well-faceted crystals of BioMIL-5 

sample (9.83±6.12 µm), SEM images after degradation showed 

smaller more or less rounded-corners crystals after 70 days of 

degradation in water (3.00±0.02 and 1.83±1.17 µm; Fig. 2). 

Note that for the BioMIL-5, very little solid was obtained after 

the degradation in MHCA, reflecting almost complete 

degradation. In accord with the SEM images, the particle sizes 

obtained by DLS measurements, for BioMIL-5 before and after 

70 days immersed in water and in MHCA broth were 

6.00±3.50, 5.80±0.45 and 0.78±0.02 µm, respectively (note the 

important polydispersity of the sample, in agreement with the 

SEM observations, as well as the DLS measurement 

complexity considering the non-spherical form of the particles). 

This is consistent with the much higher degree of degradation 

of BioMIL-5 in MHCA broth than in water.  

In light of these findings, one can presumably propose a 

degradation mechanism of BioMIL-5 in MHCA broth by 

erosion, in which the constitutive parts that are located on the 

external surface of the crystal are progressively released to the 

media, leading to a decrease on the crystal dimension without 

affecting the integrity of the crystalline framework.  

 

Antibacterial activity studies 

The antibacterial activity of BioMIL-5, as well as of its 

constituents (Zn and AzA), was first investigated by means of 

their MIC/MBC (MIC=Minimal Inhibitory Concentration; 

MBC=Minimal Bactericidal Concentration) determination 

against 2 Gram-positive bacteria present in the normal skin 

flora but which cause some skin disorders: S. aureus and S. 

epidermidis (see Experimental Section).  

MIC values for Zn, AzA and BioMIL-5 were 0.5, 1.5 and 1.7 

mg·mL-1, respectively, and MBC values were 2.0, 3.0 and 4.3 

mg·mL-1, respectively (Tab. 1). It is noteworthy that the 

biological activity of the original components of BioMIL-5 was 

maintained, not only after the hydrothermal synthesis 

conditions but also after the degradation of the hybrid network, 

releasing both Zn2+ and AzA in their active form.  

 
Tab. 1 Minimal inhibitory concentration (MIC) and minimal 

bactericidal concentration (MBC) results in mg·mL-1 of azelaic acid 

(AzA), BioMIL-5 and in S. aureus and S. epidermidis. 

 

Treatment 
S. aureus S. epidermidis 

MIC MBC MIC MBC 

BioMIL-5 1.7 4.3 1.7 4.3 

AzA 1.5 3.0 1.5 3.0 

Zn2+ 0.5 - 0.5 2.0 

 

Some comments can be proposed regarding the MBC values. 

Although an antibacterial additive effect between AzA and Zn2+ 

could be expected by their combination in BioMIL-5, no 

evidence supporting any synergistic activity was found. 

However, considering the different biological properties of 

AzA and Zn2+, acting at different skin care levels (i.e. 

cicatrizing, antidandruff, astringent, anti-acne, etc), one could 

rationally expect, that by simultaneously targeting different 

pathophysiological events, the AzA and Zn2+ released from 

BioMIL-5, might provide complementary beneficial actions in 

the treatment of skin disorders. 

 
 

Fig. 5 Bacterial growth curves comparing the control group (orange) 
with BioMIL-5 at different concentrations (mg·mL-1): 0.9 (green), 1.7 

(blue) and 4.3 mg·mL-1 (pink) after 1 week in S. epidermidis. 

 

After determining the MIC/MBC values, the following step was 

to evaluate the influence of the slow release of both AzA and 

Zn2+ on the duration of the pharmacological effect of BioMIL-

5. Therefore, the growth of a S. epidermidis suspension was 

monitored for 7 days in the absence or presence of 3 different 

BioMIL-5 concentrations (0.9, 1.7 and 4.3 mg·mL-1), in order 

to evaluate whether it had a time- or dose-dependent 

antibacterial profile. As depicted in Fig. 5, the presence of 

BioMIL-5 at the MIC (1.7 mg·mL-1) but more interestingly at 

0.5 x MIC (0.9 mg mL-1), significantly reduced the growth rate 

of S. epidermidis and stopped it after 48 h of incubation, 

evidencing a concentration-dependent biological activity of 

BioMIL-5. At 48 h, the number of CFU·mL-1 was 7.76 x 1015 

for the non-treated control and 2.82 x 107 for bacteria treated 

with 0.9 mg·mL-1 of BioMIL-5, evidencing a bacteriostatic 

effect. In addition, a bactericidal effect was observed at 24 h 

when treating the bacteria with 4.3 mg·mL-1 (MBC), effect that 

was maintained until the end of the study. Considering the 

BioMOF degradation, one can estimate a delivery of 0.2 

mg.mL-1 of each Zn2+ and AzA from BioMIL-5 (4.3 mg·mL-1) 

to the MHCA broth after 1 day. A bactericidal effect was 

achieved at much lower concentrations of BioMIL-5 (Fig. 5) 

than the MIC and MBC values established for the isolated Zn2+ 

and AzA components (Tab. 1), suggesting an additive effect 

between the Zn2+ and the azelate. 

 

Conclusions 
A new bioactive MOF material (BioMIL-5) was 

hydrothermally synthesized based on Zn2+ and AzA, and its 

structure was fully characterized. Both components exhibit 

interesting antibacterial and dermatological properties, and are 

currently being used for the treatment of several skin disorders 

and in cosmetic industry.  

Remarkably, the progressive release of the active Zn2+ and AzA 

from BioMIL-5, in both water and bacterial culture media, led 

to interesting and time-maintained antibacterial properties when 

used for 7 days against S. epidermidis, a Gram-positive 

bacterium.  

Finally, the incorporation of BioMIL-5 in more complex 

formulations (i.e. semisolid pharmaceutical dosage forms such 
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as creams or gels) by controlling its particle size or its external 

surface functionalization could improve its 

adhesion/penetration in various surfaces (i.e. skin, bacteria and 

other materials) and enhance its efficacy against a broader 

spectrum of bacteria.  
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A Zn azelate MOF: combining antibacterial effect 
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A novel biocompatible and bioactive zinc azelate Metal-Organic Framework (BioMIL-5) was hydrothermally 

synthesized with interesting long-term antibacterial properties.  
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