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Figure S1. Bright field images of RAW 264.7 macrophages and NIH-3T3 fibroblasts incubated with 

unloaded PACA nanoparticles in five representatively selected concentrations (0.2, 2, 8, 32 and 

256 µg/mL) vs. cell culture medium controls (0 µg/mL) at time points t = 0 and t = 24 h. For both cell 

lines after incubation with cell culture medium control, and 0.2 and 2 µg/mL of unloaded PACA 

nanoparticles viable proliferated cells are observed. RAW 264.7 cells with 8 µg/mL show cell debris at 

t = 0, but viable and proliferated cells after 24 hours. For 32 and 256 µg/mL of unloaded PACA 

nanoparticles cell debris was observed for RAW 264.7 macrophages after 24 h, detached cells and cell 

debris for NIH-3T3. 
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Figure S2. Enlarged areas of DHM-QPI images and bright-field images of RAW 264.7 macrophages and NIH-3T3 

fibroblasts incubated with unloaded PACA nanoparticles in three representatively selected concentrations (8, 32 

and 256 µg/mL) at time points t = 0 and t = 24 h. RAW 264.7 cells with 8 µg/mL show cell debris at t = 0 and after 

24 hours (orange colored arrows). NIH-3T3 cells show cell detachment at t = 0 (orange colored arrows) and 

proliferated cells after 24 h (blue colored arrows). For 32 and 256 µg/mL of unloaded PACA nanoparticles cell 

debris was observed for RAW 264.7 macrophages after 24 h (green colored arrows), proliferated, detached cells 

and cell debris for NIH-3T3 with 32 µg/mL (yellow colored arrows). 
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Figure S3. Bright-field images of RAW 264.7 macrophages and NIH-3T3 fibroblasts after incubation with cbz 

loaded PACA nanoparticles in five representatively selected concentrations (0.002, 0.2,8, 32 and 256 µg/mL) vs. 

cell culture medium controls (0 µg/mL) at time points t = 0 and t = 24 h. For both cell lines after incubation with 

cell culture medium control and 0.002 µg/mL of cbz loaded PACA nanoparticles viable cells were detected after 

24 h. For 0.2 µg/mL cell debris could be observed for RAW 264.7. Macrophages incubated with 8 µg/mL of cbz 

loaded PACA show swollen but viable cell morphology after 24 h, and NIH-3T3 cells detached morphology at 

t = 0, but proliferated cells after 24 h. Cell debris is observed in both cell lines with 32 and 256 µg/mL of cbz 

loaded nanoparticles after 24 h. 
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Figure S4. Enlarged areas of DHM-QPI images and bright-field images of RAW 264.7 macrophages and NIH-3T3 

fibroblasts after incubation with cbz loaded PACA nanoparticles in three representatively selected concentrations 

(0.2, ,8 and 32) at time points t = 0 and t = 24 h. For 0.2 µg/mL of cbz loaded PACA nanoparticles cell debris was 

observed for RAW 264.7 macrophages after 24 h (orange colored arrows), and proliferated NIH-3T3 fibroblasts. At 

8 µg/mL of cbz loaded PACA macrophages show after 24 h a swollen but viable cell morphology (blue colored 

arrows). In contrast, at this nanoparticle concentration, NIH-3T3 cells detached and cell debris is visible at t = 0 24 h, 

but after 24 h cells proliferated (green colored arrows). At 32 and 256 µg/mL of cbz loaded nanoparticles cell debris 

is observed after 24 h (yellow colored arrows). 
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Figure S5. Pseudo 3D surface plots of representative DHM QPI image overlaid with the texture of 

correlatively recorded bright field images of RAW 264.7 macrophages 24 h after incubation with 0.2 and 

8 µg/mL of cbz loaded PACA compared to medium control cells (0 µg/mL). 
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Figure S6. DHM QPI background noise level at different concentrations of unloaded PACA nanoparticles. For each 

nanoparticle concentration the mean phase contrast (Δφ) of three (n = 3) FOVs (405 x 538 µm) were measured after 24 h. 

 

 

 

Information S1 Detailed analysis of non-monotonic dose-effect relationship of cbz-loaded PACA 

particles in this study and the literature 

Comparable non-monotonic dose-effect observation as presented here has been described 

previously by Eder et al. where the cbz-loaded particles were tested with NIH-3T3 and RAW 264.7 cells 

in a cross-laboratory study [1]. Eder et al. observed an increase in cell viability and a decrease in toxicity 

for 8 µg/mL in all participating laboratories. Vrignaud et al. detected a regeneration of decreasing cell 

viability of human colon cells (HCT117) at 100 nM for cbz loaded PACA particles as well, before it re- 

increased again with ascending concentrations [2]. An explanation for the observed non-monotonic 

dose-effect relationship could be indicated by in vivo studies of Fan et al. and Palanza et al. [3, 4], They 

reported about non-monotonic dose response curves at high doses above the specified No-Observed- 

Adverse-Effect Level (NOAEL) from which could be concluded that the concentrations tested here were 

too high. This is in agreement with the results of the DHM (Figure 4D) and LDH (Figure 4F) assay which 

show that even the lowest concentrations already caused effects on cell proliferation or cell death. 

However, the absence of a significant effect for the RAW 264.7 cells and that a cell viability of 100 % is 

achieved for the WST-8 at the lowest concentrations (Figure 4E) contradicts this hypothesis. A review 

by Vandenberg et al. summarized that non-monotonic dose-effect relationships can occur even at low 
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concentrations [5]. To ensure that the concentrations tested in this study were not too high, our results 

are compared in the following with values for free cbz and PACA particles in the literature. Studies by 

Øverbye et al. demonstrated that the toxicity of PACAs loaded with cbz is very similar to that of free 

cbz. Øverbye et al. tested the toxicity of unloaded and cbz loaded PACA particles and free cbz for 72 h 

with nine different cell lines utilizing an MTT assay. EC50 values were not determined in the study, but 

inflection points were present between 1 and 10 nM of cbz for most of the investigated cell lines [6]. As 

cbz loaded PACA particles with 10 nM cbz correspond to 0.37–0.48 µg/mL of PACA materials [6], 

inflection points and mean EC50 values for PACAs loaded with cbz in our study should be in the range 

of the tested concentrations 0.002 and 0.2 µg/mL. A study of Vrignaud et al., investigated the toxicity of 

free cbz by a neutral red assay after 96 h on different cell lines and EC50 values between 0.004- 

0.041 µmol/ L were calculated [2]. This corresponds to the mentioned range (1 and 10 nM ) by Øverbye 

et al. [6]. Further Chen et al. showed that the cytotoxic effects of free cbz also act in a time-dependent 

manner. In an MTT assay EC50 values between 20 and > 80 nM that were determined after 24 h for 

various cell lines, were much more lower than the values after 48 and 72 h [7]. This time-dependency of 

the results indicates that the EC50 values in our study should be higher than in Øverbye et al. and 

Vrignaud et al. With the assumption that the EC50 values for free cbz are higher after 24 h than after 48 

and 72 h [7], and that 10 nM cbz corresponds to 0.37-0.48 µg/mL of PACA materials [6], we would expect 

for our study inflection points and EC50 values between 0.2 and 4 µg/mL. Therefore, it is suggested that 

the non-monotonic dose-response of cbz-loaded PACAs is due to the presence of multiple toxicity 

mechanisms leading to interaction or different types of cell death, as both the PACA particles and the 

cbz act on the cell in different ways. As both the PACA particles and the cbz act differently on the cell, 

for PACA particles, the degradation products are mainly responsible for their toxicity [8], whereas cbz 

inhibits microtubule disassembly [9, 10] which may lead to a superposition of the effects and to a 

different biodistribution and a different uptake into the cells [11]. This assumption is supported by the 

study by Szwed et al., in which various PACA particles were tested that differed only in their alkyl side 

chains and led to different toxicity mechanisms [12]. 
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