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Abstract: 
This study reports the synthesis and characterization of metallodendrimers 
that incorporate anti-inflammatory drugs and evaluates their anti-inflammatory 
and antimicrobial properties. The inclusion of cationic cyclopentadienyliron 
moieties contributed to these positive biological activity outcomes. The safety 
of the dendrimers was assessed using in vitro toxicity tests on mammalian 
cell lines, and it was revealed that the dendrimers connected to the drugs 
were less toxic compared to the others. Among the best dendrimers, second-
generation dendrimer with OH end groups (D7-G2-OH) and first-generation 
dendrimer with indomethacin end groups (D5-G1-I) showed promising antimi-
crobial properties. The chemical structure of the dendrimers was analyzed 
using FT-IR, 1H-NMR, and 13C-NMR spectroscopy, providing information 
about the functional groups and bonding patterns present. Thermal stability 
was assessed using thermogravimetric analysis (TGA) and showed excep-
tional stability of dendrimers within the temperature range of 300-400 °C. 
However, the cationic iron moieties in the dendrimers underwent breakdown 
at approximately 200 °C. Scanning electron micrographs (SEM) revealed that 
the morphology of the dendrimers varied across different generations, indicat-
ing structural changes as the dendrimer size increased. Furthermore, cyclic 
voltammetry analysis (CV) demonstrated changes in the intensity and broad-
ness of the redox waves as the dendrimer generation increased, suggesting 
alterations in the electrochemical behavior of the dendrimers. 
 
 
Keywords: Sulindac, indomethacin, gram-positive strain, gram-negative 
strain, anti-inflammatory, Thermogravimetric, CV, Scanning electron micro-
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1. INTRODUCTION  
Over the past decades, the field of nanomedicine has experienced significant progress and has found 
applications in drug delivery, imaging, diagnostics, tissue engineering, cancer treatment, and therag-
nostic.[1-3]  
Dendrimers are a significant class of nanoscale polymeric molecules that have shown great potential in 
nanomedicine, particularly in drug delivery applications.[4,5] Dendrimers have branching structures with 
a central core that allows for precise control over the size, shape, and surface functionality of the den-
drimer nanoparticles.[4,5] These attributes of dendrimers show continuing promise in the safety and 
efficiency of being used as drug carriers for numerous treatments of parasitic, viral, and bacterial infec-
tions.[6] Dendrimers can encapsulate drug molecules within their interior void spaces, branches, or on 
the surface and can be engineered to release drugs in a controlled manner.[7-9] Dendrimers can also 
be functionalized with imaging agents, such as fluorescent dyes or contrast agents, enabling them to 
act as imaging probes.[10,11] Interestingly, some dendrimers possess inherent antimicrobial or anti-
cancer activities, making them promising candidates for standalone therapies.[12,13] In addition, the 
surface of dendrimers can be modified with specific targeting ligands, such as antibodies or peptides, 
which enables selective binding to specific cells or tissues.[7,14-17] This targeted delivery approach 
improves drug concentration at the desired site, minimizing off-target effects and reducing systemic 
toxicity.  
Furthermore, the inclusion of metal compounds in the dendritic structure leads to the development of 
other useful properties.[18-24] For example, magnetic properties arise due to the presence of metal 
centers within the dendrimer structure and can be exploited in various fields, including electronics, sen-
sors, and catalysis.[25-27] Metallodendrimers can also facilitate efficient energy transfer processes, 
allowing for applications in areas such as light harvesting and photovoltaics.[28-31] Recently, metal-
lodendrimers have also gained interest in the field of biology due to their unique properties and poten-
tial applications in various biological studies.[5,32,33] Metallodendrimers have the capability to mitigate 
the toxicity associated with oral ingestion by enabling a more regulated drug release.[34,35] They serve 
as a carrier mechanism for bonding molecules, including commonly used drugs, to the multiple branch-
es of the nanoparticles.  
Nonsteroidal anti-inflammatory drugs (NSAIDs), a widely used drug family, can be easily attached to 
these dendrimer branches.[36-39] Our previous research has shown successful synthesis of ibuprofen, 
ketoprofen, mefenamic acid, and aspirin conjugated dendrimers.[34,35,40] The findings from these 
studies support the need for additional investigation into the potential of attaching various drugs to den-
drimer branches. This paper will address the potential for attaching two additional NSAIDs, sulindac 
and indomethacin, to dendrimers. Both sulindac and indomethacin are NSAIDs that are commonly used 
to reduce inflammation and relieve pain.[41-43] They belong to the same class of NSAIDs as ibuprofen, 
ketoprofen, and mefenamic acid, and exert their effects through the inhibition of cyclooxygenase (COX) 
enzymes.[44-47] Sulindac and indomethacin work by inhibiting the activity of the COX enzymes, specif-
ically COX-1 and COX-2. These enzymes play a crucial role in the production of prostaglandins, which 
are lipid autacoids involved in promoting inflammation, pain, and fever. They are primarily used in the 
treatment of inflammatory conditions, including rheumatoid arthritis, osteoarthritis, and ankylosing 
spondylitis. It is also sometimes prescribed for acute pain and gout.[42] Sulindac and indomethacin 
help to alleviate pain, reduce inflammation, and improve joint function. The most common side effects 
may include gastrointestinal symptoms such as stomach upset, heartburn, nausea, and diar-
rhea.[48,49] An interesting point about the use of sulindac is that recent studies have shown promising 
anti-cancer properties.[41,50] Several studies state, a potent immune modulator, sulindac might be 
used to design novel tumor immunotherapy strategies.  
This paper focuses on the synthesis of six new dendrimers across three generations with attached su-
lindac and indomethacin at the peripheries. Spectroscopic tools will be employed to evaluate the struc-
tures of these dendrimers. Other techniques, such as SEM, CV, and TGA, will also be utilized to deter-
mine their unique properties. The biological activity of synthetic dendrimers and their associated drug 
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conjugate will be examined to gain valuable insights into their effectiveness for potential biological ap-
plications. 
 
2. EXPERIMENTAL  
2.1 Materials 
Sulindac, indomethacin, and various chemicals and reagents were purchased from Sigma Aldrich and 
used without further purification. The solvents used in the experiments were dried and kept over 3 Å 
molecular sieves before use. Escherichia coli (E. coli) ATCC 25922, a gram-negative strain, Micrococ-
cus Luteus (M. luteus) ATCC, a gram-positive strain, and Raw 264.7 cells, a mouse macrophage cell 
line, were acquired from Cedarlane (ON, Canada). Fetal bovine serum (FBS) and Dulbecco’s modified 
eagle medium/nutrient mixture F-12 (DMEM/F-12), were purchased from Fisher Scientific (ON, Cana-
da). CellTiter 96® AQueous Cell Proliferation Assay kit was purchased from Promega (Madison, WI, 
USA). Lipopolysaccharide (LPS) was obtained from Sigma-Aldrich.   
 
2.2 Instrumentation 
All synthesized complexes were characterized using a Bruker Avance NMR spectrometer (1H, 300 
MHz and 13C, 75 MHz) in DMSO-d6, with the chemical signals referenced to the solvent residual signal 
in ppm. A Bruker Alpha-P FTIR spectrometer conducted measurements for attenuated total reflection 
Fourier transform IR (FTIR) absorption spectroscopy. Cyclic voltammetric experiments were carried 
out using a Princeton Applied Research/EG&G Model 263 potentiostat/galvanostat with a glassy car-
bon working electrode, Pt counter electrode, and Ag reference electrode. The experiments were con-
ducted at a scan rate of 0.1 to 2.0 V/s and 0°C in an atmosphere of nitrogen in degassed propylene 
carbonate, using tetrabutylammonium hexafluorophosphate (Bu4NPF6) as the supporting electrolyte 
and referencing to the dimethylformamide (DMF) solution of ferrocene. Scanning electron micrographs 
(SEM) of the prepared dendrimers were captured using a Hitachi SEM. Thermogravimetric analysis 
(TGA) was performed in platinum pans under nitrogen at a heating rate of 10°C using a TA Instruments 
TGA. 
The dendrimers' hydrodynamic size and ζ-potential were measured by Brookhaven's Nano-
Brook 90Plus PALS instrument (American Brookhaven NanoBrook Omni). 
 
2.3 Synthesis and Characterization 
To create the six drug-modified dendrimers, the Steglich esterification method was utilized.[51] The 
specific molar ratios of the dendrimer core and the drugs were used in the synthesis. The 1st generation 
dendrimer four is connected to sulindac (D4-G1-S), the 1st generation dendrimer five is linked to indo-
methacin (D5-G1-I), the 2nd generation dendrimer eight is attached to sulindac (D8-G2-S), the 2nd gen-
eration dendrimer nine is connected to indomethacin (D9-G2-I), the 3rd generation dendrimer 12 is at-
tached to sulindac (D12-G3-S), and the 3rd generation dendrimer 13 is linked to indomethacin (D13-G3-
I). The reaction involved the use of the catalysts DCC (dicyclohexylcarbodiimide) and DMAP (4-
dimethylaminopyridine) to form the ester linkage between the carboxylic acid groups of sulindac and 
indomethacin drugs and the hydroxyl groups of the 4-hydroxybenzyl alcohol. During the synthesis, the 
reaction mixture was agitated at 0°C under a nitrogen atmosphere for 10 minutes and then at room 
temperature for 48 hours. Following removing impurities through filtration, the mixture was introduced to 
a 10% HCl solution and filtered once more. The resulting crude products were dissolved in acetone and 
chilled to eliminate impurities. Finally, the solvent has evaporated, yielding the final product. The den-
drimers produced were subject to analysis using 1H and 13C NMR spectroscopy, ATR-FTIR, and vari-
ous other physical characterization methods. Further details concerning the synthetic process, molecu-
lar weight, yield percentages, and physical characterization data are provided below. All organoiron 
complexes used to construct dendrimer branches were synthesized using previously reported meth-
ods.[51-53] Additionally, the synthesis of the zero-generation dendrimer D1-G0-COOH, first-generation 
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dendrimers D2-G1-Cl, D3-G1-OH, second-generation dendrimers D6-G2-Cl, D7-G2-OH, and third-
generation dendrimers D10-G3-Cl, D11-G3-OH was carried out using established methods.[53]  
 
Synthesizing and Characterizing the Dendrimers Functionalized with a Novel Drug 
2.3.1 Sulindac-terminal dendrimer (D4-G1-S)  
To synthesize D4-G1-S, an esterification reaction was carried out using sulindac and dendrimer D3-
G1OH. The process involved placing D3-G1-OH (0.500 g, 0.065 mmol), sulindac (0.185 g, 0.052 
mmol), and DMAP (0.063 g, 0.052 mmol) in a 25 mL round-bottom flask. The mixture was dis-
solved in 10 mL of DMF and put in an ice bath for 10 minutes with gentle stirring. DCC (0.110 g, 0.052 
mmol) was slowly added to the mixture over 5 minutes, after which it was stirred under nitrogen at room 
temperature for 10 minutes and then allowed to stand for 48 hours. The resulting product was added to 
300 mL of 10% HCl solution, then NH4PF6 (0.085 g, 0.052 mmol) to induce complete precipitation. The 
product’s molecular weight is 10407 g/mol, yielding 73%. ATR-FTIR; nmax/cm-1: 2933 (Ar-CH), 2897 
(Cp-CH), 1712 (CO), 1244 (C-O-C). 1H NMR data dH (300 MHz; DMSO-d6): 7.66 (40H, s, un-
completed O-Ar-H), 7.53 (16H, m, sulindac SO-Ar-H), 7.37 (8H, s, uncomplexed CO-Ar-H), 
7.34-7.31 (32H, d, J = 8.1 Hz, uncomplexed Ar-H), 7.29 (16H, s, sulindac-Ar-H), 7.26 (8H, m, 
sulindac Ar-H), 7.04 (8H, s, sulindac-Ar-H), 6.94 (8H, dd, sulindac-Ar-H), 6.73 (8H, s, com-
plexed Ar-H), 6.27 (40H, s, complexed Ar-H), 5.33 (8H, s, sulindac-aliph-H), 5.22 (40H, s, outer 
Cp-H), 5.19 (20H, s, inner Cp-H), 5.06 (16H, s, benzyl-CH2), 4.56 (8H, s, Core-O-CH2), 4.29 
(8H, s, Core-S-CH2), 3.97 (16H, s, aliphatic-CH2), 3.87 (16H, s, sulindac-CH2), 3.76 (16H, s, 
aliphatic-CH2), 3.73 (16H, s, aliphatic-CH2), 3.67 (16H, s, aliphatic-CH2), 3.17 (8H, s, aliphatic-
CH2), 2.42 (8H, s, complexed-CH2), 2.23 (24H, s, sulindac-CH3), 2.19 (8H, s, complexed-CH2), 
1.74 (24H, s, sulindac-CH3), 1.66 (12H, s, complexed-CH3),  (Figure 1). 13C NMR c (75 MHz; 
DMSO-d6): 13C NMR dc (75 MHz; DMSO-d6): 171.76 and 167.13 (CO), 157.87, 130.66, and 
129.30 (quat-C), 132.78, 126.79, 121.01, and 105.95 (uncomplexed Ar-C), 79.90 and 76.30 
(complexed Ar-C), 77.97 (Cp-C), 63.69, 38.75, 36.30, 33.58, and 31.43 (CH2), 43.11 and 24.14 
(CH3-C), (Figure 2), C493H448O68Fe12P12F80S12, found: %C: 60.45, and %H: 4.11, theoretically: %C: 
56.90, and %H: 4.34. 
2.3.2 Indomethacin-terminal dendrimer (D5-G1-I)  
 To create D5-G1-I, indomethacin was combined with hydroxyl-terminated in D3-G1-OH, us-
ing a Steglich esterification reaction. The process involved adding D3-G2-OH (0.500 g, 0.065 
mmol), indomethacin (0.186 g, 0.052 mmol), DMAP (0.063 g, 0.052 mmol), and 10 mL of DMF 
into a 25 mL round-bottom flask. The solution was stirred in an ice bath, under a nitrogen at-
mosphere, while slowly adding DCC (0.110 g, 0.052 mmol) over a 10-minute period. The same 
workup procedures as D4-G1-S were followed to obtain the final product. 
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Figure 1. 1H NMR spectra of D4-G1-S in DMSO-d6 

 

 

 

 

 
 
Figure 2. 13C NMR spectra of D4-G1-S in DMSO-d6 

 

The product’s molecular weight is 10418 g/mol, yielding 55%. ATR-FTIR; max/cm-1: 2891 (Ar-C), 
2913 (Cp-C), 1706 (CO), 1220 (C-O-C). 1H NMR data dH (300 MHz; DMSO-d6): 7.81 (16H, d, J 



Marcus et al., 2024 Adv J Biom Sci. Vol. 9: 2024. p. 1-22 
https://consortiumpublisher.ca | https://consortiumpublisher.com 

Advanced Journal of Biomedical Sciences                                                                      Page 6 of 22 

 

= 7.8 Hz, indomethacin-Cl-Ar-H), 7.75 (16H, d, J = 8.7 Hz, indomethacin-O-Ar-H), 7.55 (20H, s, 
uncompleted O-Ar-H), 7.50 (20H, s, uncompleted O-Ar-H), 7.41 (24H, m, uncomplexed CO-Ar-
H + indomethacin-Ar-H), 7.36-7.34 (32H, d, J = 7.8 Hz, uncomplexed Ar-H), 7.03 (8H, s, indo-
methacin-Ar-H), 6.74 (8H, s, complexed Ar-H), 6.27 (40H, s, complexed Ar-H), 5.22 (40H, s, 
outer Cp-H), 5.19 (20H, s, inner Cp-H), 5.06 (16H, s, benzyl-CH2), 4.55 (8H, s, Core-O-CH2), 
4.26 (8H, s, Core-S-CH2), 3.97 (16H, s, aliphatic-CH2), 3.79 (16H, s, indomethacin-CH2), 3.59 
(16H, s, aliphatic-CH2), 3.18 (8H, s, aliphatic-CH2), 2.82 (32H, s, aliphatic-CH2), 2.42 (8H, s, 
complexed-CH2), 2.18 (24H, d, J = 4.8 Hz, indomethacin-CH3), 2.12 (8H, s, complexed-CH2), 
1.77 (24H, s, indomethacin-CH3), 1.63 (12H, s, complexed-CH3),  (Figure 3). 13C NMR dc (75 
MHz; DMSO-d6): 175.49 and 170.59 (CO), 154.74, 152.15, 147.54, and 133.13, (quat-C), 
142.06, 130.53, and 109.50, (uncomplexed Ar-C), 78.05 (Cp-C), 77.51 (complexed Ar-C), 
45.82, 37.17, 32.85, 30.85, and 24.49 (CH2-C), 30.833 (CH3-C), (Figure 4). The Elemental 
Analysis of C485H440O76N8Fe12P12F72Cl8S4, found: %C: 60.81, %N: 1.12, and %H: 4.09, theoretically: 
%C: 55.91, %N: 1.08, and %H: 4.26. 
 
 
 

 
 
 
Figure 3. 1H NMR spectra of D5-G1-I in DMSO-d6 
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Figure 4. 13C NMR spectra of D5-G1-I in DMSO-d6 

 
2.3.3 Sulindac-terminal dendrimer (D8-G3-S)  
The preparation of D8-G3-S obeyed a process similar to the synthesis of D4-G1-S using a 1:12 ratio. 
Dendrimer D7-G2-OH (0.400 g, 0.023 mmol), sulindac (0.133 g, 0.371 mmol), DMAP (0.045 g, 0.371 
mmol), DCC (0.076 g, 0.371 mmol), and 5 mL DMF were combined in a 25 mL round-bottom flask. The 
product’s molecular weight is 22399 g/mol, yielding 77%. ATR-FTIR; max/cm-1: 2893 (Ar-C), 2856 
(Cp-C), 1711 (CO), 1213 (C-O-C). 1H NMR data dH (300 MHz; DMSO-d6): 7.78 (52H, s, uncom-
pleted O-Ar-H), 7.74 (52H, s, uncompleted O-Ar-H), 7.50 (40H, s, sulindac SO-Ar-H + uncom-
plexed CO-Ar-H), 7.38-7.35 (96H, d, J = 8.1 Hz, uncomplexed Ar-H), 7.29 (32H, s, sulindac-Ar-
H), 7.26-7.23 (32H, s, sulindac-Ar-H), 7.04-7.01 (16H, s, sulindac-Ar-H), 6.72 (8H, s, complexed 
Ar-H), 6.27 (104H, s, complexed Ar-H), 5.35 (16H, s, sulindac-aliph-H), 5.22 (120H, s, outer Cp-
H), 5.11 (20H, s, inner Cp-H), 5.07 (48H, s, benzyl-CH2), 4.55 (16H, s, Core- CH2), 3.99 (8H, s, 
aliphatic-CH2), 3.79 (8H, s, aliphatic-CH2), 3.87 (32H, s, sulindac-CH2), 3.18 (16H, s, aliphatic-
CH2), 2.82 (40H, s, aliphatic-CH2 + Core), 2.38 (24H, s, complexed-CH2), 2.16 (48H, s, su-
lindac-CH3), 2.06 (24H, s, complexed-CH2), 1.66 (84H, s, sulindac-CH3). 13C NMR dc (75 MHz; 
DMSO-d6): 175.83, 172.02, and 169.05 (C=O), 153.19, 150.59, 145.98, 131.55, and 103.14 (quat-C), 
138.57, 128.68, 119.58, 119.35, 108.157, and 106.39 (complexed Ar-C), 77.39 (Cp-C), 78.79, 75.80, 
and 74.54 (complexed Ar-C), 58.95, 36.31, 31.16, 29.71, and 23.05 (CH2), 51.99, 48.82, 26.60, and 
17.56 (CH3). The Elemental Analysis of C1053H936O140Fe28P28F184S20, found %C: 57.05 and %H: 
4.14, theoretically: %C: 56.74 and %H: 4.21. 
2.3.4 Indomethacin-terminal dendrimer (D9-G2-I)  
The second-generation dendrimer, D7-G2-OH, was used to couple indomethacin, in a process like the 
coupling of sulindac. In a 25 mL round-bottom flask, dendrimer D7-G2-OH (0.400 g, 0.023 mmol), su-
lindac (0.133 g, 0.371 mmol), DMAP (0.045 g, 0.371 mmol), DCC (0.076 g, 0.371 mmol), and 5 mL 
DMF were combined. The product’s molecular weight is 22421 g/mol, yielding 77%. ATR-FTIR; 
max/cm-1: 2886 (Ar-C), 2826 (Cp-C), 1692 (CO), 1232 (C-O-C). 1H NMR data dH (300 MHz; 
DMSO-d6): 7.68 (116H, d, J = 8.7 Hz, indomethacin-O-Ar-H + uncompleted O-Ar-H), 7.50 (52H, 
s, uncompleted O-Ar-H), 7.32-7.27 (136H, m, uncomplexed CO-Ar-H + indomethacin-Ar-H + 
uncomplexed Ar-H), 7.02 (16H, s, indomethacin-Ar-H), 6.25 (112H, s, complexed Ar-H), 5.21 
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(140H, s, Cp-H), 5.07 (48H, s, benzyl-CH2), 4.55 (16H, s, CH2), 3.88 (32H, s, indomethacin-CH2 

+ aliphatic-CH2), 3.76 (40H, s, core + indomethacin-CH2), 3.66 (32H, s, aliphatic-CH2), 2.37 
(24H, s, complexed-CH2), 2.22 (48H, s, indomethacin-CH3), 2.07 (24H, s, complexed-CH2), 1.67 
(84H, s, indomethacin-CH3 + complexed-CH2). 13C NMR dc (75 MHz; DMSO-d6): 177.50 and 
173.76 (CO), 152.72, 147.25, 141.77, and 135.23 (quat-C), 131.35, 130.08, 129.50, 121.13, 
120.74, and 113.77, (uncomplexed Ar-C), 78.72 (Cp-C), 76.01 and 75.47 (complexed Ar-C), 
63.13, 45.76, 31,27, and 27.77 (CH2-C), 36.64, 31.63, and 30.67 (CH3-C). The Elemental Anal-
ysis of C1037H920O156N16Fe28P28F168Cl16S4, found: %C: 56.03, %N: 1.05, and %H: 4.19, theoretically: 
%C: 55.55, %N: 1.00, and %H: 4.14. 
2.3.5 Sulindac-terminal dendrimer (D12-G3-S) 
The synthesis of D12-G3-S followed a procedure similar to the one used for D4-G1-S and a ratio of 
1:24 was used. A 25 mL round-bottom flask was charged with dendrimer D11-G3-OH (0.550 g, 0.021 
mmol), sulindac (0.181 g, 0.508 mmol), DMAP (0.105 g, 0.508 mmol), DCC (0.062 g, 0.508 mmol), and 
5 mL DMF.  
The product’s molecular weight is 46958 g/mol, yielding 82%. ATR-FTIR; max/cm-1: 2887 (Ar-C), 
2864 (Cp-C), 1699 (CO), 1203 (C-O-C). 1H NMR data dH (300 MHz; DMSO-d6): 7.77 (116H, s, 
uncompleted O-Ar-H), 7.73 (116H, s, uncompleted O-Ar-H), 7.50 (72H, m, sulindac SO-Ar-H + 
uncomplexed CO-Ar-H), 7.35 (224H, d, J = 8.1 Hz, uncomplexed Ar-H), 7.25 (96H, s, sulindac-
Ar-H), 7.02 (64H, s, sulindac-Ar-H), 6.73 (8H, s, complexed Ar-H), 6.25 (224H, s, complexed Ar-
H), 5.33 (32H, s, sulindac-aliph-H), 5.21 (300H, s, Cp-H), 5.10 (112H, s, benzyl-CH2), 4.55 
(16H, s, core-CH2), 3.96 (16H, s, aliphatic-CH2), 3.78 (60H, s, sulindac-CH2 + aliphatic-CH2), 
2.81 (60H, s, sulindac-CH2 + aliphatic-CH2), 2.42 (56H, s, complexed-CH2), 2.39 (96H, s, su-
lindac-CH3), 2.15 (56H, s, complexed-CH2), 1.66 (180H, s, sulindac-CH3 + complexed-CH3). 13C 
NMR dC (75 MHz; DMSO-d6): 175.58, 172.61, and 170.72 (CO), 160.67, 158.21, 157.52, 
155.94, 148.25, 147.66, 121.05, 109.71, and 100.74 (quat-C), 130.12, 118.48, 114.74, 114.15, 
110.50, and 99.85 (uncomplexed Ar-C), 77.256 (Cp-C), 78.88 and 74.83 (complexed Ar-C), 
64.56, 58.95, 53.60, 49.85, 44.56, 38.20, 27.09, and 17.56 (CH2), 36.93, 29.71, and 14.18 
(CH3). The Elemental Analysis of C2221H1904O284Fe60P60F392S36: calculated %C: 56.81 and %H: 
4.10, found %C: 56.10 and %H: 4.05, found %C: 57.38 and %H: 4.11, theoretically: %C: 56.81 
and %H: 4.10.  
2.3.6 Indomethacin-terminal dendrimer (D13-G3-I)  
In this experiment, the third-generation dendrimer, D11-G3-OH, was used to couple indomethacin in a 
process similar to the coupling of sulindac. The experiment was conducted using a 25 mL round-bottom 
flask containing D11-G2-OH dendrimer (0.550 g, 0.021 mmol), indomethacin (0.240 g, 0.508 mmol), 
DMAP (0.105 g, 0.508 mmol), DCC (0.062 g, 0.508 mmol), and 5 mL DMF. 
The product’s molecular weight is 46890 g/mol, yielding 83%. ATR-FTIR; max/cm-1: 2906 (Ar-C), 
2852 (Cp-C), 1707 (CO), 1221 (C-O-C). 1H NMR data dH (300 MHz; DMSO-d6): 7.64 (128H, s, 
indomethacin-Ar-H), 7.54 (116H, s, uncompleted O-Ar-H), 7.30 (188H, s, uncompleted O-Ar-H + 
indomethacin-Ar-H), 7.04 (224H, s, uncomplexed Ar-H), 6.93 (32H, s, indomethacin-Ar-H), 6.26 
(232H, s, complexed Ar-H), 5.22 (412H, br s, Cp-H + benzyl-CH2), 4.56 (16H, s, core-CH2), 3.86 
(136H, s, indomethacin-CH2 + aliphatic-CH2), 2.42 (56H, s, complexed-CH2), 2.21 (96H, s, in-
domethacin-CH3), 2.12 (56H, s, complexed-CH2), 1.63 (180H, s, indomethacin-CH3 + com-
plexed-CH3). 13C NMR dc (75 MHz; DMSO-d6): 178.37, 176.35, and 174.33 (CO), 160.47, 
158.24, 155.62, 148.14, 133.79, and 120.65 (quat-C), 131.77, 127.53, 126.52, 111.76, and 
99.84 (uncomplexed Ar-C), 78.95 (Cp-C), 76.94 and 74.06 (complexed Ar-C), 58.00, 54.46, 
45.82, 38.40, 29.39, 25.93, and 23.24 (CH2-C), 37.19 and 14.75 (CH3-C). The Elemental Analy-
sis of C2181H1872O316N32Fe60P60F360Cl32S4, %C: 55.66, %N: 0.93, and %H: 4.08, theoretically: 
%C: 55.87, %N: 0.96, and %H: 4.01. 
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2.4 Biological Measurements  
2.4.1 Antibacterial Assay 
To determine the minimum inhibitory concentration (MIC) of dendrimers, the broth microdilution tech-
nique was utilized.[54] The bacteria E. coli and M. luteus were grown in a nutrient broth at a tempera-
ture of 37°C. Dendrimers dissolved in dimethyl sulfoxide (DMSO) were applied to bacteria in their early 
log phase (with an optical density of approximately 0.1 at 600 nm) at varying concentrations ranging 
from 3.12 µM to 100 µM for 18 hours. Following the incubation, the bacterial culture medium was dilut-
ed at different ratios (ranging from 1 in 1000 to 1,000,000) in sterile PBS and then plated on agar. The 
plates were subsequently incubated at 37 °C for 24 hours to ascertain the MIC value. 
 
2.4.2 Cell Cytotoxicity Assay 
Monocyte/macrophage-like cells, known as RAW 264.7 cells, were cultured in DMEM/F12 supplement-
ed with 10% FBS and 100 IU/ml penicillin and streptomycin at 37 °C in 5% CO2. 1×106 cells/ml were 
seeded in a 96-well microplate. Cells in the growth phase, approximately 70% confluency, were treated 
with various concentrations (1 µM to 100 µM) of dendrimers for 24 hours. The cell viability was deter-
mined in triplicate using the CellTiter 96® Aqueous Cell Proliferation Assay, in accordance with the 
manufacturer's instructions. The half-maximal inhibitory concentration (IC50) value was used to evaluate 
the cellular toxicity of the samples, and the percentage cell viability was calculated using a specific for-
mula: 

% 𝐶𝑒𝑙𝑙 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦

=
 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 −  𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑐𝑒 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −  𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑐𝑒 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑋 100 

The cells incubated with phosphate buffered saline (PBS) served as the positive control, while the neg-
ative control consisted of media. 
Make it persuasive. 
 
2.4.3 Cytokine Secretion Studies 
The immunomodulatory effect of different drugs and dendrimers was evaluated on LPS-activated RAW 
264.7 macrophage. These include indomethacin, a nonsteroidal anti-inflammatory drug, and sulindac, 
an antibacterial drug. Dendrimers without drugs and drug-conjugated dendrimers of different genera-
tions (G1-G3) were also included. 
To conduct the study, cells at a density of 1×106 cells/ml in a 96-well microplate were seeded. The cells 
were treated with dendrimer samples diluted in serum-free DMEM/F12 medium at the final concentra-
tion of 2.6µM, in the presence of 1 µg/mL of lipopolysaccharide (LPS), and cytokine secretion was 
measured using relevant Enzyme-linked Immunosorbent Assay (ELISA) kits. The cells were also treat-
ed with 1 µg/mL LPS alone, as a control. The cell culture supernatant was collected after 24 hours, and 
ELISA was used to quantify the production of Interleukin 10 (IL-10), Tumor necrosis factor α (TNF-α), 
and interleukin-1β (IL-1β) in triplicate. 
 
3. RESULTS AND DISCUSSION  
 3.1 Syntheses and characterization of the dendrimers 
The new dendrimers were successfully synthesized, attached to indomethacin, and sulindac functional-
ized for the first to the third generation. These reactions resulted in a yield of between 60-80%, and pro-
tection steps were unnecessary. Schemes 1-4 depict the drug conjugation process with the dendrimers, 
which various techniques were used to characterize and identify. The zero-generation D1-G0-COOH, 
first D2-G1-Cl, and  D3-G1-OH were synthesized in the previous study.[53] Then, the hydroxyl group in 
D3-G1-OH was used to attach the indomethacin and sulindac carboxylic group by ester linkage through 
the esterification reaction, as shown in Schemes 1 and 2, resulting in D4-G1-S and D5-G1-I.   
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Scheme 1. Schematic representation of the synthesis of first-generation dendrimer 4 (D4-G1-S). 

 
 
Scheme 2. Schematic representation of the synthesis of first-generation dendrimer 5 (D5-G1-I). 
 
The second D6-G2-Cl and D7-G2-OH were synthesized in the previous study.[53] Then the indometha-
cin and sulindac were attached to D7-G2-OH by esterification reaction to form D8-G2-S and D9-G2-I as 
illustrated in Scheme 3. 
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Scheme 3. The synthesis of the second-generation dendrimers (D8-G2-S) and (D9-G2-I). 
 
The previous study synthesized Third D10-G3-Cl and D11-G3-OH,[53] followed by the attachment of 
indomethacin and sulindac to D11-G2-OH through an esterification reaction, forming D12-G3-S and 
D13-G3-I as presented in Scheme 4.  
 
The dendrimers synthesized in this project were characterized using 1H and 13C NMR spectroscopy, as 
well as IR. For instance, in the 1H NMR spectrum of the zero-generation (D1-G0-COOH) dendrimer, a 
single peak at 6.49 ppm represented the 16 protons in the four complex outer aryl groups. Moving to 
the first-generation dendrimer (D2-G1-Cl), two peaks at 6.82 ppm and 6.44 ppm represented the pro-
tons in the complexed aryl groups. The downfield peak at 6.82 ppm referred to the outer complexed 
aryl groups attached to the peripheral chloro-end groups, while the upfield peak at 6.44 ppm referred to 
the inner complexed aryl groups attached to the etheric oxygen groups. After the chloro-end groups of 
D2-G1-cl were replaced by 4-hydroxylbenzyl alcohol to yield dendrimer D3-G1-OH, all the protons in 
the complexed aryl groups resonated upfield at 6.26 ppm as one peak due to the equivalent surround-
ing etheric oxygen groups.  
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Scheme 4. The synthesis of the third-generation dendrimers (D12-G3-S) and (D13-G3-I). 
 
Additionally, in the second-generation dendrimer (D6-G2-Cl), the peak at 6.27 ppm represented all the 
protons of the inner complexed aryl groups, while the protons of the outer complexed aryl groups were 
represented by two peaks at 6.44 ppm and 6.81 ppm due to non-equivalent attached groups. As the 
generation of dendrimers increased, the peak broadened, and the peak intensities were consistently 
integrated based on the number of protons. In the zero-generation dendrimer (D1-G0-COOH), there 
was only one peak at 5.18 ppm standing for the protons of the Cp, but in the first-generation dendrimer 
(D2-G1-Cl), there were two peaks at 5.28 and 5.15 ppm representing the protons of the Cp. In the sec-
ond-generation dendrimer (D6-G2-Cl), there were also two peaks representing the Cp with integration 
in agreement with the ratio of the protons of Cp in the periphery attached either to chloro-arenes or to 
the inner etheric oxygen groups.  
13C NMR spectroscopy was also used to confirm the structure of the dendrimers. For example, in the 
zero-generation dendrimer (D1-G0-COOH), there were two peaks for the carbonyl groups shown at 
171.51 ppm and 167.35 ppm and one peak for the Cp carbons shown at around 80.11 ppm. In the first-
generation dendrimer (D2-G1-Cl), two peaks were shown at around 80.23 ppm and 79.76 ppm for the 
Cp carbons. Due to the presence of the chloro-end groups in the dendrimer D2-G1-Cl, the carbons of 
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the complexed aryl groups resonated at around 87.69 ppm and 77.32 ppm, while the carbons of the 
complexed aryl groups with ether linkages resonated at around 76.05 ppm and 75.43 ppm. Uncom-
plexed carbons resonated around 130.00 ppm, and quaternary carbons were detected around 122.80 
ppm. As the generation of the dendrimers increased, both 1H and 13C NMR spectra showed overlapped 
peaks. 
For the new dendrimers, the first-generation dendrimer, D4-G1-S showed two peaks at 6.73 and 6.27 
ppm, indicating the presence of 8 protons near the S-atom in the inner Cp groups and 40 equivalent 
protons in the twelve inner and outer complexed aryl groups attached to the etheric oxygen groups. 
Two additional peaks were observed at 5.22 and 5.19 ppm, corresponding to the protons in the outer 
and inner Cp groups, respectively. The successful incorporation of drug moieties with dendrimer D3-
G1-OH was indicated by the absence of an OH peak in the NMR spectra. The composition of the syn-
thesized dendrimers was confirmed through NMR and IR spectroscopy analyses. It was observed that 
the solubility of the dendrimers decreased in organic solvents as the molecular weight increased, alt-
hough all dendrimers remained soluble in polar aprotic solvents like DMF and DMSO. Higher genera-
tions of dendrimers had broad and overlapping peaks. It was very difficult to distinguish between them, 
but the integrations and intensities of the peaks indicated the formation of the dendrimers. 
 
3.2 Morphology Study 
SEM was used to examine the surface structure of the dendrimers created. A comparison of the differ-
ent generations, namely D5-G1-I, D9-G2-I, and D13-G3-I, is illustrated in Figure 5 with representative 
images. The samples were deposited on a metal surface coated with a 40-60 nm layer of gold and then 
observed under the microscope. As an example, the first generation (D5-G1-I) is shown in Figure 5-a. 
The sample appears to be amorphous with irregular shapes. Its structure lacks a defined or crystalline 
arrangement, resulting in a random and disordered appearance. The surface is marked by irregular 
contours and unpredictable boundaries, devoid of any recognizable pattern. This unique and diverse 
surface area enhances its ability to interact with its surroundings and makes it an interesting specimen 
to study. The rugged and textured surface of the second-generation (D9-G2-I) rock structure is marked 
by irregular bulky particle distribution, giving it a distinct appearance from the amorphous surface of the 
first generation (Figure 5-b). Moving on to the third-generation dendrimer (D13-G3-I), it exhibits a crys-
tal-like morphology with sharp edges. Its structure has a distinct shape from the other generations, 
suggestive of a regular and ordered arrangement of atoms, resulting in a visually sharp and defined 
appearance (Figure 5-c).  
Upon conducting SEM analysis, it was determined that there were slight differences in the surface mor-
phology between dendrimer generations. Both the first and second generations exhibited irregular 
amorphous structures with rough and uneven surfaces, indicating that the transition from the first to the 
second generation did not significantly impact the surface morphology. However, the third generation 
displayed a distinct and more designed structure, suggesting that further advancements were made in 
the design and synthesis of dendrimers.  
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Figure 5. SEM images a) D5-G1-I, b) D9-G2-I, c) D13-G3-I. 
 
3.3 Electrochemical Characteristics 
The electrochemical behaviour of the synthesized dendrimers was studied using cyclic voltammetry 
(CV) at 0 ºC. The tests were carried out in a three-electrode cell setup comprising a Pt wire as the 
counter electrode, a glassy carbon electrode as the working electrode, and Ag/AgCl as the reference 
electrode. Cyclic voltammetry involves cycling the potential back and forth between two values to inves-
tigate the redox behaviour of the species in solution. In this instance, the potential was cycled from 0.0 
to -2.0 V at a scan rate of 100 mV/s. The scan rate indicates the speed at which the potential changes 
per unit of time. To facilitate the electrochemical measurements, a supporting electrolyte (Bu4NPF6) 
was used. The supporting electrolyte helps to improve the conductivity of the solution and provides a 
medium for the movement of ions. The synthesized dendrimers displayed reversible behavior in cyclic 
voltammetry, which was attributed to the existence of redox-active iron centers within their dendritic 
branches. These iron centers (η6-aryl-η5-cyclopentadienyliron(II)) are responsible for the efficient elec-
tron transfer processes and readily reversible redox reactions. 
The number of redox centers increased with each dendritic generation. However, there were no signifi-
cant changes in the reduction and oxidation values, as shown in Figure 6. This indicates that the elec-
trochemical properties of the dendrimers remain consistent as the dendritic generation increases. 
Across all generations (G1 to G3), the dendrimers exhibited reversible reduction with an average half-
wave potential (E1/2) value of approximately -1.25 V.[25] The intensity of the reduction and oxidation 
peaks grew as the dendritic generation increased from G1 to G3. This is likely due to the more signifi-
cant number of iron centers in the higher generations than G1.[55] The absence of peak splitting in the 
higher generations (G2 and G3) is consistent with previous reports, indicating the electron transfer rate 
between the electrodes and iron centers becomes faster.[55,56] The high-speed electron transfer pre-
vents the splitting of the redox wave into separate peaks. Furthermore, the dendritic arms are flexible, 
ensuring that all iron centers experience a close enough environment to lead to a single redox peak.  
The consistent electrochemical properties and reversible behavior of the dendrimers with increasing 
generation suggest their potential utility in various applications such as electrocatalysis, energy storage, 
or sensing.  

a b c 



Marcus et al., 2024 Adv J Biom Sci. Vol. 9: 2024. p. 1-22 
https://consortiumpublisher.ca | https://consortiumpublisher.com 

Advanced Journal of Biomedical Sciences                                                                      Page 15 of 22 

 

 

Figure 6. Cyclic voltammogram representative, at a scan rate of 2.0 V/s, was obtained in propylene 
carbonate with 0.1 M Bu4NPF6 at a temperature of 0°C. …….. (D4-G1-S), ______ (D8-G2-S), ------- 
(D12-G3-S). 

3.4 Thermogravimetric Analysis 
 The TGA was employed to analyze how the dendrimers degrade and decompose when subjected to 
increasing temperatures from 0 to 1000oC. TGA involves subjecting the dendrimers to a constant heat-
ing rate in a nitrogen atmosphere and the weight loss indicates the degradation and decomposition of 
the dendrimers at different stages as a function of temperature. According to the TGA results, the den-
drimers showed thermal stability up to 200°C, indicating that they did not undergo significant decompo-
sition up to this temperature (see Figure 7). However, above 200°C, the thermal decomposition process 
started, leading to a mass loss of approximately 18-30%. This suggests that the decomposition process 
at the specific temperature of 200°C involves the degradation or removal of the cationic cyclopentadi-
enyl iron component within the dendrimers.[34,57] At a temperature of 200°C, G1 experienced a weight 
reduction of about 30%. In contrast, the subsequent G2 only had a weight loss of roughly 18%, while 
G3 displayed a weight reduction of approximately 22%. As the temperature rose, the degradation pro-
cess sped up, causing a significant decrease in weight between 300°C and 400°C. The dendrimers lost 
about 60% of their weight within this temperature range. Specifically, G1 underwent a second substan-
tial weight loss at 400°C, and its decomposition continued until nearly 650°C. G2 exhibited the second 
stage of degradation earlier than G1, occurring between 300°C and 600°C and resulting in a weight 
loss of about 65%. G3 also displayed a second stage of degradation with a weight loss of approximate-
ly 55% between 400°C and 600°C. After the second stage of degradation, all dendrimers showed a 
final weight reduction of about 20% when heated to 900 °C. Residual contents containing iron oxide 
and phosphorus oxide residues were found after the TGA analysis.[25] The overall TGA results sug-
gested that the dendrimers exhibited a collective mass reduction of around 80% within the temperature 
range of 200-900°C, indicating their thermal stability. 
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Figure 7. TGA representative of the three generations, …….. (D4-G1-S), ______ (D8-G2-S), -------
(D12-G3-S). 
 
3.5 Bacterial and Cellular Toxicity 
To combat the antibacterial efficacies of metallodendrimers with and without attached drugs were first 
tested against gram-negative (E.coli) and gram-positive (M.luteus) bacterial strains.[58-61] Our results 
indicated that most of the synthesized dendrimers were ineffective against the two types of bacte-
ria.[62-64] 
Table 1 displays the (MIC) value of the dendrimers, which indicates some antibacterial activity. Accord-
ing to prior research, samples exhibit antibacterial activity when they are soluble or dispersed below 
their critical micelle concentration (CMC) values. However, samples from the micelles that are above 
the CMC values are unable to exhibit any antimicrobial features.[65,66]  
The dendrimers attached to indomethacin and sulindac did not significantly impact the antibacterial ac-
tivity of the dendrimers at all studied concentrations (below and above CMC). Among the various den-
drimers tested, it was found that D7-G2-OH showed some antibacterial activity, albeit at high concen-
trations (50µM) against both M.luteus and E.coli, while D5-G1-I displayed antibacterial activity at 50 µM 
concentration against E.coli only. Overall, drug-loaded dendrimers lack generation-dependent antibac-
terial activity and only some bacterial killing at high concentrations of certain dendrimers is observed. 
The cytotoxicity of dendrimers and their drug conjugates was then tested on RAW 264.7 cell line, by 
MTS assays. Interestingly, the dendrimers alone and their drug conjugates showed generation-
dependent toxicity in macrophages and toxicity of dendrimers was decreased as a function of genera-
tion of dendrimers. The first-generation dendrimers and their conjugates were more toxic than the high-
er-generation ones, possibly due to the better solubility and stability of lower-generation dendrimers 
under physiological conditions. The attachment of hydrophobic drugs to the hydrophilic functional 
groups of dendrimers overall reduced the cytotoxicity of the dendrimers, possibly due to reduced solu-
bility and physiological availability of the conjugates. This was further supported by the fact that IC50 
values of dendrimers alone were lower than their CMC values, indicating the role of individual den-
drimer molecules in cellular interactions. The drug-conjugated dendrimers, on the other hand, showed 
IC50 values at or above CMCs indicating that self-assembly of dendrimers in the form of aggregates 
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dictates their biological properties. The IC50 values, antibacterial efficacies and CMCs of dendrimers 
and their conjugates are outlined in detail in Table 1. 
 
Table 1. MIC and IC50 value of Dendrimers    

Metallodendrimers 
MIC (µM) 

IC50 (µM) CMC (µM) 
E.coli M.Luteus 

D4-G1-S 100< 100< 12.5 15.62 

D5-G1-I 50 100 12.5 7.8 

D8-G2-S 100< 100< 50 15.62 

D9-G2-I 100 100< 50 3.9 

D12-G3-S 100 100< 100 7.8 

D13-G3-I 100 100< 100 7.8 

D3-G1-OH 100< 100 3.12 3.9 

D7-G2-OH 50 50 3.12 15.62 

D11-G3-OH 100 100< 6.25 15.62 
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Figure 8. Cytokine release (A) IL-10, (B), ad IL-1β and (C) TNF-α was performed by ELISA from Raw 
264.7 cell line upon treatment with LPS, peptides and drugs. Error bars indicate the standard deviation 
of three replicates. The macrophage was treated with the dendrimers upon LPS challenge and data 
was expressed as the mean ± SD (n=3) p (p-value < 0.0001).   
Abbreviation: S: Sulindac, I: Indomethacin, G1-S: D4-G1-S, G2-S: D8-G2-S, G3-S: D12-G3-S, G1-I: 
D5-G1-I, G2-I: D9-G2-I, G3-I: D13-G3-I. 
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3.6 Cytokine Release Study 
The human body responds to infections, toxins, and injuries through a complex process called inflam-
mation. This process involves macrophages releasing inflammatory mediators like IL-1β, IL-10, and 
TNF-α.[67-69] However, excessive and prolonged activation of macrophages can lead to acute or 
chronic inflammatory conditions like chronic hepatitis, atherosclerosis, and rheumatoid arthritis.[70-72] 
Inhibition or reduction of pro-inflammatory cytokine production might be a suitable therapeutic strategy 
in inflammatory diseases.[73]  
In this study, the anti-inflammatory properties of dendrimers alone and their drug-conjugated analogues 
were investigated in vitro. The macrophages were exposed to dendrimers and their drug conjugates at 
a concentration lower than IC50 (2.6 µM) while in the presence of 1 µg/mL of LPS. The ELISA assay 
was used to assess the production of cytokines (IL-1β, IL-10, and TNF-α).[74-77] As shown in Figure 8, 
sulindac and indomethacin remarkably inhibit the secretion of IL-1β in LPS-stimulated RAW264.7 mac-
rophages, validating their potential as NSAIDs. The conjugation of drugs with dendrimers abrogated 
LPS neutralizing and anti-inflammatory capabilities of NSAIDs and IL-1β production was not inhibited 
by the dendrimers alone or their drug conjugates. In fact, first-generation drug-free dendrimer promoted 
pro-inflammation, compared to controls, while the inflammation capabilities of higher-generation den-
drimers and all drug conjugates were lower possibly due to lower solubility and stability of these mac-
romolecules.  
TNF-α and IL-10 pro-inflammatory and anti-inflammatory cytokines that are not directly related to in-
flammasome activation were also tested and as shown in Figures 8B & C. Interestingly, NSAID showed 
a slight reduction in IL-10 production and over-expression of TNF-α production, however, all the den-
drimers and their drug conjugates showed only marginal effect on pro and anti-inflammatory cytokine 
production, post-LPS treatment, compared to LPS alone treatment.  
Our results demonstrate that first-generation dendrimers alone can activate IL-1β production, possibly 
by the activation of inflammasome. The NSAID-dendrimers conjugates, however, do not show signifi-
cant anti-inflammatory effects in vitro in LPS-induced inflammation in Raw 264.7 cells. 
 
CONCLUSION  
A new series of dendrimers, comprising 60 iron complexes and biologically active molecules, has been 
successfully created. The synthesis process involved integrating sulindac and indomethacin into the 
outer layer of the dendrimer. Various methods, including 1H &13C NMR and IR, were used to compre-
hensively analyze the structures of the dendrimers. The surface characteristics of the dendrimers from 
all generations were examined using SEM, revealing some morphological variations among the differ-
ent generations. Additionally, TGA was utilized to explore the high thermal stability of the dendrimers. 
Furthermore, electrochemical experiments were carried out to investigate the redox behaviours of all 
dendrimers at different generations, demonstrating a single reversible redox wave with varying intensi-
ties based on the generation of the dendrimer. Through biological analysis, it has been demonstrated 
that unconjugated dendrimers possess overall antibacterial behavior and can induce pro-inflammation 
as a function of dendrimer generation. However, conjugating dendrimers with NSAIDs compromises 
their antibacterial efficacies and the anti-inflammatory effects of drugs are reduced due to on large siz-
es, and poor solubility of the conjugates that compromise the interactions between macromolecules 
and biological membranes. To ensure safety, toxicity tests were conducted on mammalian cell lines, 
which revealed that dendrimers connected to drugs were less toxic compared to others. Notably, the 
best-performing dendrimers were D7-G2-OH and D5-G1-I. According to these findings, the combination 
of sulindac and indomethacin with dendrimers can greatly enhance the effectiveness of drugs in reduc-
ing inflammation by preventing the secretion of TNF-α in Raw 264.7 cells. Future research will delve 
into the effects of different NSAIDs on the antibacterial and anti-inflammatory activities of their den-
drimer conjugates. The current findings reveal the potential of dendrimers as promising therapeutic 
agents, and their ability to be conjugated with drugs further enhances their efficacy and specificity. 
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