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Abstract 

Gallic acid is a natural antioxidant present in many plants such as tea, sumac, gallnut 
and other plants. This naturally occurring gallic acid is known to exhibit auto‑oxidation 
under certain conditions, generating several reactive oxygen species (ROS) includ‑
ing superoxides, hydroxyls and hydrogen peroxide radicals that plays key roles in its 
antimicrobial activity. Here, we demonstrate that incorporating gallic acid as a linker in 
Ni‑based metal organic frameworks (Ni‑gallate MOFs) produces mesoporous nano‑
structures with antimicrobial and anticancer activity. The synthesized Ni‑gallate MOFs 
have shown antibacterial activity against both Gram‑positive and Gram‑negative bac‑
teria, and antifungal activity against two different strains of fungi species. Furthermore, 
Ni‑gallate MOFs have shown a significant cytotoxic effect on rhabdomyosarcoma 
(RMS) cells, compared to the standard anticancer drug, Doxorubicin. In this study, the 
Ni‑gallate MOF nanostructures were characterized using scanning electron microscope 
(SEM), energy dispersive X‑ray (EDX), X‑ray diffraction (XRD), Fourier transform infra‑red 
(FTIR), and Brunauer–Emmett–Teller (BET) method for surface area. The antibacterial 
and antifungal activity of gallic acid‑based mesoporous framework nanostructure were 
tested, suggesting that Ni‑gallate MOF has a dual anticancer and antimicrobial activity.

Keywords: Antimicrobial, Antitumor, Gallic acid, Metal organic frameworks

Introduction
Metal organic frameworks (MOFs) have emerged as a new and a remarkable class of 
crystalline porous materials that form one, two and three-dimensional structures (Yaghi 
et al. 2003). Due to their high porosity and capacity; MOFs have been widely used in gas 
storage applications (Furukawa et al. 2013). In addition, the facile synthesis and functions 
of MOFs have opened new venues for these coordination polymers in many biological 
applications (Czaja et al. 2009; Tanabe and Cohen 2011) such as bio-sensing (Chen et al. 
2010; Kumar et al. 2015; Ren et al. 2013) bio-imaging (DF et al. 2017; McKinlay et al. 
2010) and controlled release of drugs other bioactive molecules (McKinlay et al. 2010; 
Horcajada et al. 2010; Kitagawa et al. 2004; Liu et al. 2014). Recently, MOFs have been 
utilized as drug delivery platforms and antibacterial agents (Kaur et  al. 2020; Lawson 
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et al. 2021; Wu and Yang 2017; Eckshtain-Levi et al. 2022; Maranescu and Visa 2022; Yan 
et al. 2022).

Compared to inorganic microporous zeolites, MOFs have shown several outstanding 
properties, in particular, large surface area with high compositional tunability, which can 
be achieved by using different metals or changing the organic linker (Badhani et al. 2015; 
Dorman et al. 2011) .

It is important to realize that gallic acid linker has been utilized to prepare iso-
structural transition metal gallate dehydrates with high crystallinity and reproducibil-
ity (Wang et  al. 2017). Gallic acid (GA) is an organic polyhydroxyphenolic compound 
(3,4,5-trihydroxybenzoic acid,  C7O5H6) that able to form chelates with transition metal 
ions due to presence of large gaps between five available oxygen atoms that distributed 
on opposite sides of the phenyl rings. Besides, GA has been demonstrated to endure 
autoxidation in specific conditions and to exhibit a pro-oxidant activity (Sourani et al. 
2016; Wyszogrodzka et al. 2016). The pro-oxidant potential of GA results in generation 
of several reactive oxygen species (ROS) including superoxides, hydroxyls and hydrogen 
peroxide radicals; these free radicals has been considered as the key factor of its antimi-
crobial activity (Feller and Cheetham 2006; Ponce et al. 2016). Recently, magnesium and 
iron gallate MOFs structures have been reported to exploit high antibacterial activities 
(Cooper et al. 2015). In addition, GA has been widely incorporated with nanostructures 
to enhance their anticancer efficiency (Cooper et al. 2015; Boer et al. 2014).

Indeed, the axial head and neck rhabdomyosarcoma (HRMS) is an aggressive soft tis-
sue tumor in children. All children with HRMS are treated either by surgery, chemo-
therapy and radiation therapy or a combination between them. It is evidenced that all of 
these treatments have limitations and side effects (Zhou et al. 2015). On the other hand, 
Gram-positive (St. coccus, S. aureus) and Gram-negative (E. coli and P. Aeruginosa) are 
microbial agents of multiple infective diseases in humans. The emergence of antibiotic-
resistant strains of S. aureus such as methicillin-resistant S. aureus is a worldwide prob-
lem in clinical medicine (Chambers and DeLeo 2009). Despite of developing researches, 
there is no approved vaccine for S. aureus and St. coccus. Also, antibiotic resistance of E. 
coli strains is consistently rising, especially resistance to important antibiotics as Cepha-
losporin and Fluoroquinolones (Park 2014).

Due to the fact that GA is naturally present in several kinds of fruits and vegetables, 
and nickel is a stable transition metal that takes part in many biological processes. In 
addition, the effect of Ni-gallate-MOF on RMS has not been investigated. The current 
study has harnessed the potential of MOF constructed from GA linker with nickel metal. 
Here, we investigate the prepared antibacterial, antifungal and anticancer activity of the 
as-synthesized Ni-gallate-MOF, compared to standard antibiotics, antifungal and anti-
cancer drugs.

Materials and methods
Materials

N,N-Dimethylformamide (DMF), gallic acid monohydrate 98% were bought from Sigma-
Aldrich (UK). Methanol 99.9% was purchased from CARLO ERBA Reagents, France. All 
reagents used in this work were of analytical grade. HNRMS cell lines were obtained 
from the American Type Culture Collection (ATCC, Rockville, MD, USA). Dimethyl 
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sulfoxide (DMSO), MTT and trypan blue dyes were purchased from Sigma (St. Louis, 
MO, USA). Fetal Bovine serum, DMEM, RPMI-1640, HEPES buffer solution, l-glu-
tamine, gentamycin and 0.25% Trypsin-EDTA were procured from Lonza (Belgium). 
Doxorubicin as a reference standard was taken from Sigma Aldrich. For antibacterial 
study, Gram-positive St. coccus (ATCC 49619), S. aureus (ATCC 25913), Gram-negative 
E. coli (ATCC 25922) and P. Aeruginosa (ATCC 27853), as well, two different strains of 
fungi species (Aspergillus flocculosus and Aspergillus nigricans) were purchased from 
Cairo Microbiology Research Center. Muller–Hinton broth was used to culture E. coli, 
S. aureus, St. coccus and P. aeruginosa at 37 °C for 24 h in an incubator. All tubes were 
sterilized in an autoclave before the experiments.

Synthesis of Ni‑gallate MOF

Ni-gallate MOF was prepared with the slightly modified solvothermal method (Jiao 
et al. 2017). Briefly, under continuous magnetic stirring for 30 min, a solution of nickel 
nitrate—NiNO3.6H2O, 4 mmol (1.16 g) + 15.6 ml DMFDMF—was added drop-wise to 
a sol of GA (GA monohydrate, 2 mmol (0.39 g) + 10 ml DMF). Thereafter, the mixture 
was heated in 80 ml Teflon-lined stainless-steel autoclave at 120 ºC for 16 h, and it was 
cooled at room temperature. After a few hours, a brown precipitate was collected, sepa-
rated via centrifugation for 5 min at 6000 rpm and washed 2 times with DMF. Finally, 
the precipitate was subjected to solvent exchange with methanol 6 times over 3 days and 
was dried in a vacuum oven at 100 ºC for 12 h. It’s noteworthy to mention that solvent 
exchange step aims at activating the framework structure by replacing DMF with a low 
boiling point solvent, methanol, and thus assists in solvent removal from the pores at 
relatively lower temperatures.

Material characterization

A profile FTIR spectrum of Ni-Gallate MOF was obtained using FTIR spectrometer 
(Shimadzu) with a range of 800 4000   cm− 1. The samples were prepared as KBr pellet 
and were scanned against a KBr pellet background. The crystallinity of Ni-gallate MOF 
was investigated by X-ray diffractometer (ANalytical Empyrean, The Netherlands) with 
CuKα radiation (40  kV, current 35 mA), scanning range 10–70°, scan step 0:05o and 
wavelength λ = 1.54045 Å. The (BET) surface area, pore size, pore volume distribu-
tion, as well as the  N2 adsorption/desorption isotherms were measured using surface 
area analyzer (TriStar II 3020, Micromeritics, USA). Field emission scanning electron 
microscopy (FESEM) images of Ni-gallate MOF were acquired using a Quanta FEG 250 
(Switzerland). The EDX for qualitative and quantitative analysis was performed at the 
same instrument.

Anticancer measurements

Viable cells counting (trypan blue assay)

The treated RMS cells with Ni-Gallate MOF were separated using 0.25% trypsin for 
10 min; 10 µl of the cell suspension were combined with 10 µl of trypan blue solution: 
0.4% prepared in 0.81% sodium chloride and 0.06% dibasic potassium phosphate. The 
mixture was incubated at room temperature for 5 min, and 10 µl of the mixture were 
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counted by the traditional cell counting; the percentage of the unstained cells represents 
that of viable cells in the suspension (Gomha et al. 2015):

Antitumor activity MTT assay

The RMS cells were suspended in a RPMI-1640 medium that supplemented with 10% 
in-activated fetal calf serum and 50 µg/ml gentamycin; the cells were maintained at 37 ºC 
in a humidified atmosphere with 5%  CO2 and sub-cultured three times a week. For the 
cytotoxicity evaluation, the cell viability and inhibitory percent were determined by 
MTT assay.

Briefly, the suspended RMS cells were placed in  Corning® 96-well tissue culture plate 
with a concentration 5 ×  104 cell/well; it was incubated for 24 h. Thereafter, serial two-
fold dilutions of the tested Ni-gallate MOF were added to the RMS cells that incubated 
again for 24  h. Then, the medium was removed from each well and substituted with 
100  µl of fresh culture RPMI 1640 medium; 10  µl of the 12 mM MTT stock solution 
(5 mg of MTT in 1 mL of PBS) was annexed into each well and the treated RMS cells 
were incubated for 4 h. Finally, from each well, 85 µl of the medium were replaced by 
50 µl of DMSO and the treated RMS cells were incubated for 10 min. The cell viability 
and inhibitory percentage were measured according to Bernas and Dobrucki (2002). The 
experiments and measurements were conducted three times; the results were reported 
as the average ± standard deviation.

The relation between tested Ni-gallate MOF against inhibitory and viability percent 
was plotted in a bar chart using Origin 8 software; the 50% inhibitory concentration 
 (IC50), which is the concentration required to cause toxic effects in 50% of intact cells 
was determined. In addition, the efficacy of the tested Ni-gallate MOF was compared 
with a standard doxorubicin.

Morphological analysis

The studied RMS cells at the same serial twofold dilutions of the tested Ni-gallate MOF, 
as well as, the control cells, were incubated at 37 °C for 24 h. Subsequently, the cells were 
scrubbed three times with 100 µl of phosphate-buffered saline (PH 7.2), fixed with 10% 
formalin for 15 min at room temperature and stained with 100 µl of 0.25% crystal vio-
let for 20 min. Then, the stain was removed, and the cells were rinsed using deionized 
water to remove the excess of stain and allowed to dry. The cellular morphology was 
studied using an inverted microscope (CKX41; Olympus, Japan) equipped with the digi-
tal microscopy camera to catch the images describing the morphological variations that 
compared with control cells.

Antimicrobial measurements

To estimate the effectiveness of Ni-gallate MOF as antimicrobial agent, Gram-positive 
(St. coccus, S. aureus) and Gram-negative (E. coli and P. aeruginosa) were chosen for this 
investigation. E. coli (ATCC 25922), S. aureus (ATCC 25913), St. coccus (ATCC 49619), 
and P. aeruginosa (ATCC 27853), as well as, two different strains of fungi species (Asper-
gillus flocculosus and Aspergillus nigricans), were purchased from Cairo Microbiology 

%viable cells = (number of viable cells/Number of total cells)× 100.
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Research Center. In addition, the efficiency of Ni-gallate MOF was compared to stand-
ard antibiotic; tylvalosin for Gram-positive and Draxxin for Gram-negative that were 
obtained in a pure form from Pharma Swede Pharmaceutical Company.

The antimicrobial competence of Ni-gallate MOF versus the forementioned patho-
gens was determined by measuring the inhibition zone diameter utilizing agar dilution 
method. In respect of this point, a quantity of 100µL of each pathogen was aseptically 
spread on the surface of a separate Muller–Hinton agar plate using sterile bench Hockey 
stick; each plate was left on the bench for thirty minutes to pre-diffuse into the medium. 
Next, sterile discs that impregnated over-night in twofold serial dilutions of Ni-gallate 
MOF (1000, 250, 125 and 62.5 µg/ml) were stacked on each plate using a sterile Cork 
Borer set of 5 mm. It is important to bear in mind, the standard antibiotics, which men-
tioned above were strapped for comparison. Finally, all plates were incubated at 37 °C for 
48 h.

It should be noted that the minimum inhibitory concentration (MIC) of the tested Ni-
gallate MOF versus the aforesaid microbes was determined employing micro-dilution 
test. In accordance with this method, a stock solution of Ni-gallate MOF was prepared, 
and serially diluted into multiple sterilized tubes containing  108 CFU/ml of the tested 
bacteria that inoculated with Mueller–Hinton Broth medium, which was favored; due 
to its ability to support the growth of most pathogens and its lack of inhibitors towards 
common antibiotics. All tubes were incubated at 37 °C for 24 h. For verification, a tube 
of positive control—broth without tested pathogen and another one of negative control 
Broth with the tested microorganism was included. It is worth noting that by evalua-
tion the turbidity of the examined tubes, the MIC was determined as the lowest con-
centration that had no visible turbidity and matched with positive control. With respect 
to minimal bactericidal concentration (MBC) measurement, the dilution representing 
the MIC and at least two of the more concentrated tested Ni-gallate MOF dilutions are 
plated on Muller–Hinton agar plate and enumerated to determine viable CFU/ml. After 
incubation at 37 °C for 24 h, the MBC is the lowest concentration that demonstrates a 
pre-determined reduction (such as 99.9%) in CFU/ml when compared to the MIC dilu-
tion; in the sense that MBC is the lowest concentration of the Ni-gallate MOF in which 
no viable bacterial colonies are observed (bactericidal activity).

Results and discussion
Material characterization

Figure  1 displays the X-ray diffraction pattern of GA and Ni-gallate MOF. The gallic 
acid reflected its nature crystallinity revealing sharp and intense diffraction peaks at dif-
fraction angles. It is important to note that due to the presence of three phenolic OH 
groups and one carboxylic OH in the structure of gallic acid linker; its chelation with 
transition metal ions (M) has been reported to be dependent on the pH of the reaction 
media. Hence, previous studies have reported that two different phases of the crystal 
structure can be formed; the first is a protonated phase at pH 7–8, with two water mol-
ecules present in a structure of (M (H2gal).2H2O). While the second phase ~ pH 12; it is 
a deprotonated form (M2 (gal).  xH2O) with unknown number of water molecules that 
embedded in the crystal lattice (Chambers and DeLeo 2009). Herein, the deprotonated 
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form of Ni-gallate MOFs was synthesized; it was not possible to characterize the struc-
ture because of its poor crystallinity. This was obviously clear from the XRD spectrum.

The XRD pattern of Ni-gallate MOF revealed vanishing of large diffraction peaks of 
GA indicating the chelation of nickel atoms with gallic acid to form Ni-gallate MOF 
structures. Further, Ni-gallate MOF exhibited a broad single diffraction peak at 10.57°, 
which may be due to the poor crystalline nature of the MOF. As a result, the gallic acid 
is no longer present as a perfect ordered material, and its nickel complex existed in an 
amorphous state. The obtained PXRD pattern of Ni-gallate MOF is in consistence with a 
previously reported Mg-gallate structure (Zhao et al. 2016), as well as, the XRD pattern 
of Cu-gallate composites (Masoud et al. 2012).

The possible interaction between GA and Ni was studied by IR spectroscopy. Fig-
ure 2 illustrates the FTIR spectrum of GA and Ni-gallate MOF. In agreement with (Mu 
et  al. 2017), gallic acid spectrum revealed two characteristic bands of carboxylic acid. 
The first is a strong broad band assigned to υ (O–H) stretching of carboxylic group at 
3600−2500  cm−1, while the second is a feeble υ (C=O) stretching at 1570  cm−1, which 
disappeared in Ni-gallate MOF; suggesting that the coordination between gallic acid and 
Ni element affected the carbonyl group (Lu et al. 2016).

In contrast, the FTIR spectrum of Ni-GA MOF structure is completely different; it dis-
plays characteristic bands of GA linker at 1590 and 1386  cm−1. These are due to asym-
metry and symmetry stretching modes υ  (COO−), respectively. It is obvious that the 
intensity of transmitted band of asymmetric stretching mode is high comparing to sym-
metric one, in a total agreement with (Borges et al.  2013). In addition, these two bands 
were split, implying that GA is coordinated with nickel via a polydentate ligand mode.

Further, the wide stretching υ (O–H) band at 3383   cm−1 asserts the presence of 
water molecules in the Ni-GA MOF structure, another υ (O–H) of phenolic group at 
2927   cm−1. The band located at 1067   cm−1 is assigned to the C–H stretching vibra-
tion and that at 758  cm−1 is related to the C–H bending vibration. Consistent with the 
recorded FTIR spectra of similar  MOFS (Zhao et al. 2017), the FTIR spectrum presented 

Fig. 1 Powder XRD pattern for Gallic acid powder (blue) and Ni‑Gallate MOF (black)
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here for the synthesized nanostructure demonstrates the formation of a mesoporous 
Ni-GA MOF structures.

The morphology of the as-synthesized Ni-GA MOF is depicted in Fig. 3. The as-pre-
pared Ni-GA MOF structures formed aggregates with distinct porosities, which are 
illustrated in Fig. 3c. These aggregates were based upon the assumption of the poor crys-
tallinity of the prepared Ni-GA MOF, which in turn was as a result of the deprotonated 
Ni-GA MOF, in agreement with the result of XRD. Moreover, the EDX pattern shown 
in Fig. 3D demonstrates the presence of the elemental constituents of the Ni-GA MOF 

Fig. 2 FTIR spectra for the synthesized Ni‑Gallate MOF (red) and Gallic acid powder (blue)

Fig. 3 SEM images of Ni‑GA MOF nanoparticles (A, B and C). EDX analysis (D)
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including Ni, O and C. The estimated quantity of Ni confirms the stoichiometric per-
centages of the elements in the structure; where the weight% ratio between Ni and C is 
approximately 2:1, which is in agreement with the ratios between the reactants (4 mmol 
 NiNO3.6H2O: 2 mmol gallic acid monohydrate).

The surface area of the prepared Ni-gallate MOF was measured using  N2 gas adsorp-
tion, Fig. 4. The samples were degassed for 4 h at 80 °C under He gas flow. The adsorp-
tion/desorption isotherms indicate that the process is a type-IV with H3-type hysteresis 
loop, corresponding to materials with a mesoporous texture. The BET surface area at 
77 K was 195  m2g−1. In addition, the total pore volume of the Ni-gallate MOF using the 
Barrett–Joyner–Halenda (BJH) adsorption method was 0.125 cm³/g. The average pore 
size of the sample was found to equal 3.2 nm employing the BJH method to the  N2 des-
orption branch of the isotherm. Moreover, the average was distributed between 20 and 
50 nm with an average value 30 nm, confirming the mesoporous characteristics of the 
Ni-gallate MOF structure, and with similar textural properties to the Cu-gallate MOF 
that was formerly reported (Banerjee et al. 2020).

Antibacterial assay

Figure 5 displays different plates of various strains of bacteria as Gram-positive (Staphy-
lococcus aureus, Streptococcus, Bacillus subtilis), and Gram-negative (E. coli and Pseu-
domonas aeruginosa). In addition, the figure shows the inhibition zone of each strain 
with variant concentrations of Ni-gallate MOF. The inhibition zone measured in mil-
limeter (mm) by Agar diffusion method. Overall, the measured diameters were different 
from one species to another. And as such, Fig. 6A is a bar chart illustrates the calculated 
mean of the inhibition zone (mm) on the Y-axis at different concentrations of Ni-gallate-
MOF (1000, 500, 250, 125, 62.5 µg/ml) versus diverse species of bacteria as mentioned 
above on X-axis. In total, the effect of Ni-gallate-MOF on the tested strains was uneven. 
First, regarding Gram-positive, the S. aureus was the highest responded followed by St. 
coccus, while the lowest one was Bacillus subtilis. Second, the response of E. coli Gram-
negative was higher than that of P. Aeruginosa. Furthermore, the figure demonstrates 
that the inhibition zone was directly proportional to the concentration of Ni-gallate-
MOF in all investigated species. The highest inhibition zone was about 37.5  mm and 

Fig. 4 Specific surface area analysis for the synthesized Ni–Gallate MOF, measured at 77 K. (A)  N2 adsorption/
desorption isotherm curve. (B) Pore size distribution in Å
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was measured in S. aureus, whereas the lowest one was approximately 17.5  mm and 
was recorded in Bacillus subtilis. It is worth mentioning that the tested Ni-gallate-MOF 
was compared with Draxxin for Gram-negative and tylvalosin from Gram-positive, the 
results had revealed that the effect of Ni-gallate-MOF and the compared standard drug 
was hardly the same in both Gram-negative and positive species. From this prospective 
point, the investigated Ni-gallate-MOF could act as an efficient alternative for bacterial 
resistance than the conventional antibiotics.

It should be noted that the MIC and MBC of the investigated Ni-gallate-MOF ver-
sus both Gram-positive and Gram-negative bacterial species, besides tested fungi 
such as Aspergillus flocculosus and Aspergillus nigricans are shown in Fig. 7. Actually, 
the figure reveals that the MIC value of the tested Ni-gallate-MOF was significantly 
distinct from one species to another, aside from, the recorded values of MBC and MIC 
are similar as in Streptococcus pneumoniae, E. coli and Pseudomonas aeruginosa; but, 
they were considerably different in Staphylococcus aureus as well in the tested fungi 
species. The figure exhibits the maximum value of MIC was slightly above 225 µg/ml 
and was recorded in Pseudomonas aeruginosa, whereas the minimum MIC value was 
about 35 µg/ml in Staphylococcus aureus. In relation to fungi, the MIC of Aspergillus 
nigricans was higher than that of Aspergillus flocculosus. Ordering of MIC value was 
the following: Pseudomonas aeruginosa, E. coli, Aspergillus nigricans, Aspergillus floc-
culosus, Streptococcus pneumoniae, and Staphylococcus aureus. On the other hand, 
the maximum value of MBC was recorded in Aspergillus nigricans, and the lowest one 
was in Streptococcus pneumoniae. The ordering of MBC was as follows: Aspergillus 
flocculosus, Pseudomonas aeruginosa, E. coli, Staphylococcus aureus, and Streptococ-
cus pneumoniae. It is important to realize that the reason for this variation among 
strains is the divergence of the biological structures of these species. To sum up, the 
tested Ni-gallate-MOF has a potential effect on different strains of bacteria in a dose 

Fig. 5 Images showing the zone of inhibition (mm) Ni‑Gallate MOF against different gram‑positive and 
gram‑negative bacterial strains
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dependent manner, and in a distinct pattern, with higher activity against Gram posi-
tive than Gram negative, besides its antifungal efficiency.

Although, the actual mechanism or the interaction between metal organic frame-
work structures and different pathogens is unknown, many hypotheses can be taken 
into account. In consensus with other studies (Lu et al. 2016; (Borges et al. 2013), the 
antibacterial activity of Ni-gallate-MOF might have been due to spontaneous release 
of free radicals such as ROS, inducing oxidative stress-mediated cell damage. To take 
into account, cell membrane damage might have been caused by the electrochemical 
mode of interaction between the  Ni2+ ions with the phosphate group in the lipid lay-
ers, thereby disrupting cell membrane integrity and causing membrane leakage (Lu 
et al. 2016; (Borges et al. 2013). In much the same mechanism that proposed (Borges 

Fig. 6 (A) An illustration for the calculated mean of the inhibition zone (mm) at different concentrations of 
Ni‑Gallate‑MOF versus diverse species of bacteria. (B) displays the mean of inhibition zone against Standard 
antibiotics (Draxxin for Gram‑negative and Tylvalosin for Gram‑positive)
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et  al. 2013), in case of Gram-positive bacteria, the thin layer of peptidoglycan with 
abundant pores might have allowed the penetration of Ni-gallate-MOF into the cell 
resulting in membrane damage, cell content release and ultimately leading to cell 
death.

Similar to that of bacteria, the antifungal activity of Ni-gallate-MOF could be due to 
the electrostatic interaction between the phosphate group in the cell membrane and 
 Ni2+, penetration of Ni-gallate-MOF into the cell, gfollowed by binding of  Ni2+ with 
the thiol group of protein leading to denaturation (Ferreira et al. 2011). Moreover, Ni-
gallate-MOF might also have induced cellular death through ROS-mediated oxidative 
stress.

On the other hand, gallic acid might have a significant role; in particular, Jing et  al. 
(2003) have demonstrated its antibacterial activity. Additionally, it was evidenced that 
gallic acid induced irreversible changes in cell membrane properties (charge, intra and 
extracellular permeability, and physicochemical properties) (Borges et  al. 2013). The 
demonstrated mechanism of the gallic acid antimicrobial activity was through change 
in cell surface hydrophobicity, charge, induced PI uptake, and  K+ leakage with local rup-
ture or pore formation in the cell membranes of Gram-negative and Gram-positive bac-
teria (Borges et al. 2013).

Anticancer measurements

The trypan blue dye exclusion test is utilized to measure the number of viable cells pre-
sent in a cell suspension. It is based on the assumption that live cells possess intact cell 
membranes that block trypan blue dye, whereas trypan blue stain can move through 
entirely permeable membranes of the deceased cells, changing their color into blue, 
which is noticeable under optical microscopy. The treated RMS cell suspension with the 

Fig. 7 Representation of the MIC and MBC values of Ni‑Gallate MOF against gram‑positive bacteria, 
gram‑negative bacterial and fungi species
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tested Ni-gallate MOF was infused with the trypan blue dye; it was visibly studied to 
check whether cells take up or prevent dye. The cytoplasm of the treated RMS cells was 
stained by blue color, while that of viable cells was clear. Comprehensive, the incubated 
cell lines with the medium containing the Ni-gallate MOF produced a considerable 
reduction in the number of viable cells contrast to the control group (p < 0.05).

The cytotoxicity of the investigated nanomaterials versus RMS was estimated by MTT 
assay. Figure 8a illustrates a statistical analysis bar chart of the MTT measurements. The 
chart shows, the cytotoxicity evaluation of Ni-gallate MOF, as well, a standard chem-
otherapy agent (doxorubicin) with serial dilutions (horizontal axis) versus RMS; the 
viability percent (vertical axis) of the treated cells was measured for each concentra-
tion. The data were reported as an average ± standard deviation. Overall, the viability 
of the treated RMS by doxorubicin reduced rapidly while those treated by the Ni-gallate 
MOF lessened consistently with no significant different in the viability percent at low 

Fig. 8 The statistical analysis of the MTT assay, (A) the viability and (B) inhibitory percent of the RMS treated 
by Ni‑Gallate MOF and the standard chemotherapy agent (Doxorubicin)
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concentration and suddenly diminished at high concentration. As a whole, the viabil-
ity percent of the treated RMS cells decreased with the increase of the concentration in 
both Ni-gallate MOF and doxorubicin. One can see that the lowest percent was at the 
concentration of (500 µg/ml); it was below 5% of doxorubicin and close to 10% of Ni-
gallate MOF. On the other hand, Fig. 8b is a chart clarifies the inhibitory percent of the 
treated cell at the same concentrations. The  IC50% of the Ni-gallate MOF against RMS 
was 61.1 ± 1.7 µg/ml while that of doxorubicin was 4.8 ± 0.3 µg/ml.

Further, in the present investigation, the images of the inverted microscopy revealed 
distinct morphological variations in RMS cells treated with various concentrations of 
Ni-gallate MOF for 24 h comparing to the control. The adherent capacity of the RMS 
cells became poor and the shape became round as shown in Fig. 9. It is obviously clear 
that by extending the dose of Ni-gallate MOF, only a few cells kept in contact.

The mechanism of Ni-gallate MOF on the RMS is unknown, and investigating the 
mechanism of interaction between the RMS cell and the synthesized nanostructure 
requires a separate study. Furthermore, the results obtained here are consistent with the 
strong antioxidant, antiinflammatory, and anticancer properties of the gallic acid. In the 
presence of metal ions, it has pro-oxidant property in concentration dependent manner 
(Gressier et  al. 1994). Moreover, it has been revealed that matrix metalloproteinase-2 
(MMP-2) and MMP-9 proteolytic activities were inhibited via gallic acid (Lo et al. 2011). 
The prospective study investigates the apoptotic signaling pathway in RMS cells, which 
induced by Ni-gallate MOF.

Conclusion
In conclusion, we report the synthesis of a novel metal organic framework that exhib-
its an antimicrobial and anticancer activity against wide range of microbes and cancer 
cells. The natural antioxidant, gallic acid, has been used to synthesize a nickel-based 
metal organic framework (Ni-gallate MOF) using solvothermal methods. The Ni-gallate 

Fig. 9 Microscopy images showing the inhibitory activity against human muscle Rhabdomyosarcoma cell 
line carcinoma cells A) Untreated RD cells, B) Untreated Control, C) Treated with 15.6 µg MOF, D) Treated with 
62.5 µg MOF, E) Treated with 125 µg MOF, F) Treated with 500 µg MOF



Page 14 of 16El‑Shahawy et al. Cancer Nanotechnology           (2023) 14:60 

MOF nanostructure was characterized using SEM, FTIR, XRD and BET surface area 
demonstrating that the structure shows zeolitic and MOF structural features (e.g., high 
microporosity). The as-synthesized Ni-gallate MOF nanostructures have shown high 
antibacterial activity against both Gram-positive and Gram-negative bacterial species, 
in addition to a wide spectrum antifungal activity. Furthermore, Ni-gallate MOF was 
found to inhibit the cancer cell growth in rhabdomyosarcoma (RMS), with an effective-
ness quite significant, compared to the reference anticancer doxorubicin. Although, the 
mechanism of action for this anticancer and antimicrobial activity of the Ni-gallate MOF 
remains unknown, we speculate that incorporating a natural antioxidant (gallic acid) 
such as ligand in the synthesis of MOFs could produce reactive oxygen species (ROS) 
that are known to induce cell cytotoxicity on a wide range of cancer cells and antimi-
crobial activity. This opens real of opportunities for designing novel antimicrobial and 
anticancer materials.
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