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Abstract: Cyclic (Alkyl)(Amino)Carbenes (CAACs) have become 

forceful ligands for gold due to their ability to form very strong ligand-

metal bonds. Inspired by the success of Auranofin and other gold 

complexes as antitumor agents, we have studied the cytotoxicity of 

bis- and mono-CAAC-gold complexes on different cancer cell lines: 

HeLa (cervical cancer), A549 (lung cancer), HT1080 (fibrosarcoma) 

and Caov-3 (ovarian cancer). Further investigations aimed at 

elucidating their mechanism of action are described. This includes 

quantification of affinities for TrxR, evaluation of their bioavailability 

and determination of associated cell death process. Moreover, 

Transmission Electron Microscopy (TEM) was used to study 

morphological changes upon exposure. Noticeably, a significant 

reduction in non-specific binding to serum proteins was observed 

with CAAC complexes when compared to Auranofin. These results 

confirm the potential of CAAC-gold complexes in biological 

environments, which may result in more specific drug-target 

interactions and decreased side effects. 

Introduction 

Many civilizations, starting with ancient China, employed gold 

containing concoctions, long touted for their healing powers in 

the fight against disease.1 In the late 19th century, scientific 

study began with the examination of gold(I) complexes against 

pulmonary tuberculosis,2 and then later against rheumatoid 

arthritis.3 The latter became a successful endeavor with a clear 

demonstration of the beneficial effect of gold-thiolate drugs. 

Introduced in the late 1970’s, Auranofin (Scheme 1, A) proved 

very promising and was approved for clinical use in 1985.3a The 

antitumor activity of Auranofin was reported for the first time in 

1979.4 Since that time, numerous gold(I) complexes supported 

by phosphorous-, nitrogen- or carbon-based ligands have been 

investigated.5 Although it is still not fully understood, the 

proposed mechanism is associated with the ability of Auranofin 

and other gold-based drugs to bind a selenocysteine moiety 

located in the C-terminal active site of the Thioredoxin 

Reductase (TrxR) enzyme,6 which is involved in controlling 

Reactive Oxygen Species (ROS) homeosta-sis.7 It should be 

noted that the 2',3',4',6'-tetra-O-acetyl--D-gluco-pyranosyl-1’-

thiolate (Glc) moiety was selected due to the over-expression of 

the corresponding glucose transporters on cancerous cells, 

resulting in a higher uptake of the gold complex compared to 

versions lacking this anionic carbohydrate ligand.8 

Despite its potency, Auranofin suffers from significant side 

effects due to its undesired binding to cysteine residues on 

serum proteins and intracellular proteins.9 A step forward in the 

design of gold(I) drugs was achieved with the replacement of the 

phosphine ligand by N-Heterocyclic Carbenes (NHCs) B,10,11 

which form stronger ligand-metal bonds. Similarly to Auranofin, 

neutral complexes of type Au(B)Cl mainly exhibit cytotoxicity to 

their ability to inhibit TrxR overexpressed in cancer cells. 

Alternatively, cationic bis-carbene complexes of type Au(B)2+X- 

show higher stability under physiological conditions than neutral 

complexes and are characterized by a better ability to navigate 

through membrane with elevated potential, to accumulate in the 

mitochondria, to interact with membranal vital systems and also 

to induce deregulation and/or alterations of elements essential 

for cell life.5d-f 

 

Scheme 1. Auranofin structure (A); frontier orbitals comparison between 

NHCs (B) and CAACs (C). 
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More recently, another family of carbenes, namely cyclic 

(alkyl)(amino) carbenes (CAACs)12,13 C have found many 

applications, due to their peculiar steric and electronic properties. 

In-deed, when compared to NHCs, the replacement of one 

nitrogen atom (-attractor and -donor) by a quaternary carbon 

(solely -donor) results in a higher HOMO (carbene lone pair) 

and lower LUMO (formal empty orbital) (Schame 1).14 Therefore, 

CAACs are simultaneously amongst the most basic and the 

most -acidic singlet carbenes. The advantages of this class of 

carbene over NHCs are best exemplified by success in the 

isolation of active catalytic intermediates,15 efficient and robust 

pre-catalysts,16 and complexes with unusual configuration and/or 

oxidation states.17 In all cases the stronger carbene-metal bond 

is characteristic of these CAAC bound complexes with respect to 

NHC analogs. There-fore, there is reason to believe that CAAC-

bound gold complexes would exhibit lower affinity for cellular 

proteins compared to desired biological targets, leading to more 

specific drug-target interactions and decreased side effects. 

Recently, different CAAC-bound gold, silver and copper 

complexes have been reported as potent cytotoxic agents. 

Further, their mechanism of action appears to be metal 

dependent.18 Herein, we report a detailed investigation on the in 

vitro antitumoral activity of a set of gold(I) complexes (vide infra) 

all bearing CAAC ancillary ligands for better comparison 

between them, namely [Au(CAACEt)2]+TfO- 1, Au(CAACEt)Cl 217d 

and Au(CAACEt)Glc 3. We have also evaluated the ability of 

these complexes to inhibit TrxR, measured their affinity for 

bovine serum albumin (BSA) and provide evidence for the 

mechanism of cell death. 

 

Results and Discussion 

First, we reacted free carbene CAACEt with a half-equivalent of 

Au(THT)Cl in tetrahydrofuran. Subsequent anion exchange by 

treating the cationic complex with lithium 

trifluoromethanesulfonate in methylene chloride afforded the 

homoleptic salt 1 in 91% yield (Scheme 2, top). The neutral 

complex 2 is prepared by a two-step sequence in which CAACEt 

is first reacted with Au(PPh3)Ph to substitute the PPh3 ligand. 

Then protolysis of the resulting Au(CAACEt)Ph with dry HCl in 

benzene allowed for the isolation of the desired complex 2 in an 

overall yield of 87% (Scheme 2 bottom center). Note that both 

compounds 1 and 2 can be synthesized by bypassing the 

isolation of free carbene CAACEt. In the former case, addition of 

one equivalent of KHMDS to the mixture of the cyclic iminium 

CAACEtH+TfO- and Au(THT)Cl also led to complex 1, albeit with 

overall lower yields of 62%. Similarly, addition of one equivalent 

of KHMDS to the mixture of the cyclic iminium CAACEtH+TfO- 

and Au(PPh3)Ph and further reaction with HCl afforded complex 

2 with an 82% yield. Finally, reaction of complex 2 with the 

gluco-pyranosyl-1-thiole in the presence of triethylamine in 

methylene chloride led to the expected CAAC-bound Auranofin 

analog 3 in good yield (94%, Scheme 2, bottom right). Each of 

these complexes were found to be indefinitely air and moisture 

stable, and were fully characterized by NMR, HR-MS and X-ray 

diffraction of single crystals (Figure 1). 

 

Scheme 2. Syntheses of complexes 1 (top), 2 (bottom center) and 3 (bottom 

right). 

As for any CAAC supported divalent gold(I) complex,19 we 

expected a linear geometry at the metal center. Analysis of the 

solid-state structures20 confirmed this spatial arrangement with 

C-Au-C/X angles of 170.56o (13), 178.05 o (7) and 176.47 o (10) 

for compounds 1, 2 and 3, respectively. The slightly bent 

geometry in the homoleptic complex 1 is unexpected with 

regards to previously reported [Au(CAAC)2]+ fragments in which 

the carbene-Au-carbene angle is found to be 180o. However, 

this bent geometry is commonly observed in bis-CAAC 

complexes of Ni(0),21a Pd(0)21b and Pt(0),21b which are isolobal to 

Au(I), and exhibit carbene-metal-carbene angles of 169o ± 4o. 

More importantly, in complex 1, the trifluoromethanesulfonate 

anion is located more than 5 Å away from the gold atom and 

therefore does not engage in any interaction with the metal 

center. Finally, carbene-gold bond lengths remain relatively 

constant (1: 2.036 (3) Å, 2: 1.975 (3) Å, 3: 2.004 (4) Å). Note that 

the minor shortening of the carbene bond length for the gold-

chloride complex has already been observed for analogous 

compounds.19 

 

 

Figure 1. Solid-state structures of complexes 1, 2 and 3. Ortep views are 

shown with ellipsoids at 50% probability. H atoms, solvents are omitted for 

clarity. 

With complexes 1-3 and the CAACEtH+TfO- salt in hand, we 

tested their cytotoxicity against three different human cancer cell 

lines: HeLa (cervical cancer), A549 (lung cancer), HT1080 

(fibrosar-coma) and Caov-3 (ovarian cancer). A cell titer blue 

assay was used to determine the extent of the inhibitory effect of 

the com-plexes on cancer cell growth. Cytotoxic activities were 
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demon-strated to be compound and cell line dependent: against 

HeLa cells, activities decreased following the order 1~2>A>3>> 

CAACEtH+TfO-. whereas, against A549 and HT1080, the order 

1>A>3~2>> CAACEtH+TfO- was observed. Finally, the activities 

followed 1>A>3>2>> CAACEtH+TfO- when exposed to Caov-3. 

Overall, Auranofin A, Au(CAACEt)Cl 2 and Au(CAACEt)Glc 3 

triggered death on all cell lines with IC50 values in the 

micromolar range (Table 1). Interestingly, [Au(CAACEt)2]+TfO- 1 

proved to be more cytotoxic than the others, with IC50 values 

lower by 1 to 2 orders of magnitude across all cell lines. 

Table 1. Cytotoxicity (IC50) against cancer cell lines (in µM)[a] 

Compound HeLa A549 HT1080 Caov-3 

Auranofin A 1.7 ± 0.2 3.7 ± 0.6 1.4 ± 0.9 0.9 ± 0.3 

[Au(CAACEt)2]+OTf- 1 0.3 ± 0.2 0.07 ± 0.06 0.14 ± 0.04 0.3 ± 0.2 

Au(CAACEt)Cl 2 0.6 ± 0.2 4.5 ± 0.7 4.4 ± 1.3 3.9 ± 0.8 

Au(CAACEt)Glc 3 2.7 ± 0.1 6.6 ± 2.5 3.1 ± 1.8 1.9 ± 0.4 

CAACEtH+TfO- 

 
60 ± 13 76 ± 34 26 ± 16 > 50 

[a] IC50 values represent the concentration that caused 50% cell death 

reported. These values were estimated by interpolation in the sigmoidal dose 

response fitted curve and are the results of at least three independent 

experiments 

 

This trend has previously been observed for NHC supported 

gold(I) complexes and is linked to the ability of delocalized 

lipophilic cations to pass through hydrophobic barriers and 

mitochondrial membranes to reach their targets in the mitochon-

dria.22 Auranofin (A) was observed to be slightly more active 

than the CAACEt-analog 3 (Au(CAACEt)Glc) in all cell lines. 

Remarkably, compound 2 exhibited higher cytotoxicity than 

Auranofin only on HeLa cells, suggesting a cell dependent 

mechanism of action. Furthermore, the ligand precursor 

CAACEtH+OTf- was found to be at least 5- to 1000-fold less toxic 

than the complexes against this set of cancer cell lines. The 

significantly lower cytotoxicity of CAACEtH+OTf-, clearly 

demonstrates the gold center involvement in the antitumor 

activity. In general, the gold complexes bearing CAACEt as a 

mono- or bis- carrier ligand were demonstrably more active than 

those reported with bulkier CAAC-ligands,18 suggesting that 

steric parameters and the hydrophilicity/lipophilicity balance are 

key features impacting activity.  

Thus, as part of an investigation on the physiochemical 

properties of the CAAC-gold complexes, we determined their 

lipophilicity using the octanol-water partition protocol. Based on 

our experimental results, the most lipophilic compound was 

Au(CAACEt)Cl 2, followed by Au(CAACEt)Glc 3. As expected 

because of its positively charged nature [Au(CAACEt)2]+TfO- 1 

showed the lowest lipophilicity value (Table 2). Indeed, it has 

been reported that the lipophilicity of compounds can be finely 

tuned to increase their ability to cross cellular membranes and 

accumulate in mitochondria, therefor modifying their toxicity.6,23 

To examine the impact of lipophilicity on cytotoxicity, we studied 

the cellular uptake of [Au(CAACEt)2]+TfO- 1, Au(CAACEt)Cl 2 and 

Au(CAACEt)Glc 3 in Caov-3 at 1 µM concentration after 6 h 

incubation. Our results showed a 10-fold greater uptake for the 

cationic complex [Au(CAACEt)2]+TfO- 1 when compared to the 

neutral complexes Au(CAACEt)Cl 2 and Au(CAACEt)Glc 3. 

Interestingly, complex Au(CAACEt)Cl 2, which is the most 

lipophilic compound, showed the lowest uptake and cytotoxicity 

values on Caov-3 cells. Among these CAAC-complexes, lower 

lipophilicity is associated with higher cellular uptake and higher 

cytotoxicity.  

Based on the accepted mode of action for Auranofin A and other 

gold complexes, we opted to explore affinity towards TrxR, a 

known target for gold complexes. In parallel, we investigated 

non-specific interactions between gold complexes and serum 

proteins, using bovine serum albumin as a model. Compounds 

A, 1, 2 and 3 were incubated with TrxR and bovine serum 

albumin and results are summarized in Table 2. 

Table 2. . LogP values, Cellular Uptake, TrxR Inhibition and % BSA binding 

Compound LogP 

Uptake 

(ng Au/mg 

protein) [a] 

TrxR (IC50, 

nM) [b]  

BSA 

binding 

(%) [c]  

Auranofin A n.d.[d] n.d.[d] 15.6 ± 4.7 79 ± 6 

[Au(CAACEt)2]+OTf- 1 1.4 ± 0.1 276 ± 115 >100,000 17 ± 21 [c] 

Au(CAACEt)Cl 2 2.4 ± 0.1 28 ± 11 819 ± 145 55 ± 9 

Au(CAACEt)Glc 3 2.2 ± 0.2 36 ± 8 2,226 ± 826 50 ± 9 

CAACEtH+TfO- 

 

n.d.[d] n.d.[d] >200,000 n.d.[d] 

[a] Uptake in Caov-3 cells after 6 h incubation with 1 µM of the respective Au-

complex. [b] IC50 values represent the concentration that caused 50% cell 

death reported. [c] BSA binding was estimated as the percentage of free drug 

recovered in the presence and absence of protein. [d] not determined. 

 

Under our protocol and in accordance with previously published 

literature,24 Auranofin A showed the highest TrxR inhibitory 

effect at low nanomolar concentrations. Complex 2 showed 

increased activity over 3, with both exhibiting TrxR-IC50 values 

in the micromolar ranges. Note that previously reported, 

analogous NHC and CAAC complexes show TrxR inhibition at 

similar concentration ranges.25 Interestingly, despite displaying 

the highest cytotoxicity against all cancer cell lines studied here, 

the cationic complex [Au(CAACEt)2]+TfO- 1 did not inhibit TrxR 

up to its solubility limit (100 µM). Moreover, as expected, 

CAACEtH+TfO- bearing no gold metal center, was demonstrated 

to have no affinity for TrxR up to its solubility limit.  

To further understand TrxR inhibition by the gold complexes, we 

chose to study the binding of gold complexes 1-3 with 

dodecapeptide Dox (Ac-SGGDILQSGCUG-NH2, Scheme 3)6b 

which is analogous to the peptide sequence found in TrxR that is 

the specific target of gold complexes. Note that in its oxidized 

form, Dox corresponds to the non-active form of the TrxR 

enzyme. Peptide Dox was prepared according to literature 

procedures and was converted into DredH2 (Ac-

SGGDILQSGCHUHG-NH) upon treatment with tris(2-

carboxyethyl)phosphine (TCEP). Under its reduced form, DredH2, 

as well as analogous deprotonated forms of the reduced peptide 

(DredH- and Dred.2-), correspond to the active forms of the TrxR. 

To investigate the interactions between the gold complexes and 

peptides of type D, we incubated freshly reduced peptide 

DredH2/DredH-/Dred.2- with gold complexes 1-3 and analyzed the 
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results by mass spectrometry. As expected, complexes 2 and 3 

form anionic adducts [Dred-Au(CAACEt)]- in which the reduced di-

anionic peptide Dred.2- is bound to the [CAAC-Au]+ cationic 

fragment resulting from the formal substitution of the anionic 

ligand (X= Cl- for 2 or X= Glc- for 3). 

 

Scheme 3. Dodecapeptide D, analogous to TrxR active sequence, in its 

oxidized (Dox) and reduced (DredH2) forms. 

Interestingly, incubation of the cationic complex 1 under the 

same conditions as above, did not allow for observation of the 

corresponding adduct [Bred-Au(CAACEt)2]-; thus, explaining the 

lack of inhibition of TrxR detailed in Table 2. 

As stated, one of our goals was to overcome concerns regarding 

the undesired affinity of Auranofin to albumin. Here, all 

complexes showed reduced binding compared to Auranofin A 

(See Table 2). Moreover, compared to similar NHC supported 

gold complexes,26 the use of CAAC ligands lead to decreased 

non-specific binding from close to 100%27 to 55%. We believe 

the lower affinity of CAAC-supported complexes 1, 2 and 3 to 

BSA compared to A and NHC analogs complexes is a result of 

the stronger ligand-metal bond, and thus the greater stability of 

complexes 1, 2 and 3. 

Several important pieces of information arise from these data. 

First, it appears that the cytotoxicity of complex 1 results without 

targeting the TrxR enzyme, hence causing cell death through a 

mechanism different than for complexes A, 2 and 3. Also, even 

though the lack of interaction between [Au(CAACEt)2]+TfO- 1 and 

the selenocysteine moiety is not surprising, it does suggest that 

the CAAC ligand is not labile under these conditions, and that 

the fragment [Au(CAACEt)2]+ retains its structural integrity. Again, 

this stability is a clearly the result of the stronger carbene-metal 

bond strength compared to other supporting ligands.28 Finally, 

while the Auranofin A inhibition of TrxR, in the nanomolar range, 

is much stronger than complexes 2 and 3, the higher propensity 

of A to undergo non-selective binding to BSA29 partially 

accounts for similar cytotoxicity observed for complexes A, 2 

and 3. Indeed, in contrast to A, complexes 2 and 3 inhibit TrxR 

in the micromolar range but show lower non-specific binding. In 

other words, taken together, the results from Table 1 and 2 

confirm the high efficiency at which CAAC-bound complexes 

reach their biological target and may be reflected less by lower 

affinity, non-specific interactions with other, undesired, 

biomolecular targets. This increased selectivity might also result 

in improved bioavailability and bio-distribution profiles which are 

important parameters for experimental drugs at the 

developmental stage.  

After establishing these intrinsic features, we decided to 

investigate the modes of cell death (necrosis vs. apoptosis) 

induced by each compound, A, 1, 2 and 3. We used a standard 

protocol in which HeLa cells were incubated with our set of gold 

compounds (10 µM) and their effects were studied in a time-

dependent manner. Thus, at each selected time-point, cells 

were stained with FITC-Annexin V and Propidium Iodide (PI). 

Annexin V is a protein that binds to phosphatidylserine, a lipid 

constituent of plasma membrane which is normally restricted to 

the inner membrane surface but becomes exposed in the outer 

leaflet when cells undergo apoptosis. PI is used as a marker of 

cell membrane integrity and combined with Annexin V it 

becomes a tool to distinguish necrotic from apoptotic cells using 

flow cytometry.30 

Analysis at various selected times, show that complexes A, 2 

and 3 induce apoptosis at early time-points, after which cells 

probably undergo secondary necrosis resulting in an increase of 

necrotic cells with respect to cells undergoing apoptosis. Among 

this series of compounds, the glucopyranosyl containing 

complex 3 stands out as the most potent cell death promoter, 

with almost 80% of the total population of cells undergoing either 

apoptosis or necro-sis. Interestingly, when exposed to 

[Au(CAACEt)2]+TfO- 1 for a duration of up to 6 h, a negligible 

amount of cells undergo either apoptosis or necrosis. These 

results, as well as the previously discussed lack of TrxR 

inhibition exhibited by [Au(CAACEt)2]+TfO- 1, supports the 

hypothesis that its cell death mechanism involves a different 

pathway than the gold complexes bearing only one CAAC ligand. 

 

Figure 2. Population of apoptotic vs. necrotic HeLa cells after a 30 min to 6 h 

exposure to complexes A, 1, 2 and 3. Full bars represent % cells undergoing 

apoptosis, while gridded bars represent cells under-going necrosis. The height 

of the bars represents the % of cells undergoing apoptosis and necrosis. 

 

To further understand these results, we studied the ability of 

these compounds to induce depolarization and loss of 

mitochondrial trans-membrane potential (m), which is closely 

related to apoptotic cellular pathways.31 To test this, we 

employed a lipophilic cationic dye, 5,5’,6,6’-tetrachloro-1,1’,3,3’-

tetraethylbenzimidazolylcarbocya-nine iodide (JC-1), which is 

known to enter mitochondria and arrange in red fluorescent J-

aggregates on cells with high m. Upon mitochondrial mem-

brane depolarization JC-1 remains in its green fluorescent 

monomeric form. Flow cytometry plots were obtained (FL1, 

green vs. FL2, red) for HeLa cells pretreated with Auranofin A, 

[Au(CAACEt)2]+TfO- 1, Au(CAACEt)Cl 2, Au(CAACEt)Glc 3  or 

dimethylformamide (DMF, solvent control) and subsequently 

stained with JC-1 (Figure S7). A healthy cell population was 

gated on an untreated cell sample (P1, double positive) and 

compared to the plot from the cells incubated with DMF or the 

gold complexes. Accordingly, a significant decrease of red 

fluorescent aggregates in cells exposed to Auranofin A, 

Au(CAACEt)Cl 2 and Au(CAACEt)Glc 3 can be observed. Once 

more, the latter display the largest effect, while 

[Au(CAACEt)2]+TfO- 1, showed only minimal decrease on J-

aggregates or mitochondrial depolarization, suggesting a 

different mechanism of action. 
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Figure 3. TEM images of cells pretreated with Auranofin A (A, F), [Au(CAACEt)2]+TfO- 1 (B, G), Au(CAACEt)Cl 2 (C, H), Au(CAACEt)Glc 

3  (D, I) at a 10 µM concentration and DMF as a vehicle control (E, J). Top panels show low magnification images (x2,900, A-E, scale 

bars represent 2 µm) and bottom panels show high magnification images (x6,800, F-J, scale bars represent 1 µm). Specific features 

of cell morphologies are shown with arrows (further discussion in the main text). 

 

Apoptosis and necrosis are the result of different biochemical 

events, which can be monitored as cellular morphological 

changes.32 Owing to its high resolution and the possibility of 

introducing high-contrast staining agents to the samples, 

Transmission Electron Microscopy (TEM) is widely used to study 

cellular ultra-structures. Therefore, HeLa cells were incubated 

with DMF solutions of complexes Auranofin A, 

[Au(CAACEt)2]+TfO- 1, Au(CAACEt)Cl 2 and Au(CAACEt)Glc 3 

(10 µM) plus a control voided of any gold complex for 30 min 

and processed for TEM imaging. Representative TEM 

micrographs of cells exposed to gold complexes are shown in 

low magnification (x2, 900, Figure 3A-D) and high magnification 

(x6, 800, Figure 3F-I). Lastly, TEM micro-graphs of the control 

experiment, with cells exposed to only DMF (Figure 3E and 3J) 

were obtained to ascertain the effect of each gold complex. 

We consider normal cellular morphologies as rounded with 

homogenous cellular and nuclear membranes, each containing 

a nucleolus, chromatin, in addition to well-preserved cytoplasmic 

organelles. Auranofin A (Figure 3A and 3F) is well known to 

promote apoptosis on a wide variety of cancer cells.33 Under our 

experimental protocol, we could observe clear signs of apoptosis 

such as nuclear fragmentation or karyorrhexis (Figure 3A, yellow 

arrows), and swollen cytoplasmic organelles and vacuoles 

(Figure 3F, red and green arrows respectively).32b,34 

Au(CAACEt)Cl 2 (Figure 3C and 3H) pretreated cells show 

morphological signs of early apoptosis such as condensation of 

chromatin at the nuclear mem-brane (Figure 3C, yellow arrow) 

and preserved mitochondria (Figure 3H, red arrows). Cells 

exposed to Au(CAACEt)Glc 3 (Figure 3D and 3I) show the 

highest degree of pathological morphological features with cells 

transitioning from apoptosis to secondary necrosis such as 

swelling of mitochondria and disruption of plasma membrane 

(Figure 3I, red and green arrows respectively). In contrast, cells 

exposed to [Au(CAACEt)2]+TfO- 1, (Figure 3B and 3G) show well 

rounded nuclei and preserved cytoplasmic organelles (Figure 

3G, red arrows). Some degree of chromatin fragmentation and 

cytoplasmic vacuoles were observed (Figure 3B, yellow and 

green arrows respectively), which may suggest a population of 

cells undergoing early apoptosis. 

Conclusion 

In conclusion, we have demonstrated the effect of a CAAC 

ligand as a gold ligand in anticancer cell studies. As previously 

reported with NHC supported complexes, mono- and bis-CAAC 

gold com-plexes possess different cellular targets.7b Both mono- 

and bis-CAAC supported gold centers benefit from the peculiar 

coordination environment and intrinsic electronic properties 

provided by the CAAC ligand. As a result, this new family of 

cytotoxic agents demonstrated significantly reduced non-specific 

binding toward non-tumor associated proteins such as albumin, 

while still retaining high affinity to the target TrxR (Au(CAACEt)Cl 

2 and Au(CAACEt)Glc 3). Moreover, morphological and 

biochemical changes suggest that Au(CAACEt)X complexes 2 

and 3 induce cell death through a mechanism indicative of 

apoptosis followed by secondary necrosis. [Au(CAACEt)2]+TfO- 1, 

showed the highest cytotoxic activity with an onset of activity at 

longer time-points than the mono-ligated complexes and no 

affinity to TrxR. Therefore, other mechanisms of action need to 

be considered, such as the induction of Mitochondrial Membrane 

Permeabilization,35 or binding to telomeric DNA G-

quadruplexes.36 Such mechanisms of action unrelated to TrxR 

inhibition are currently under investigation for 

[Au(CAACEt)2]+TfO- 1. Altogether this investigation reports on the 

applicability of CAAC-supported gold complexes with ap-

plication as antitumor agents and reveals their biological targets 

which may lead to lower undesired side-effects for gold metal-

based therapeutics. 
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