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CHAPTER 5: ADDENDUM 

 

5.1 AuNP images 

 

 

Figure 5.1: Photographic images depicting the difference in colour of AuNPs synthesized with 

different temperatures. A) AuNPs synthesized at 55 o C and RT B) AuNP synthesized at 55 o C and 

85 o C. 

5.2 UV-spectral curves 

 

 

 

 

 

 

B 

Figure 5.2: Temperature dependent synthesis of Car-AuNPs with extract prepared from whole 

cardamom seeds. 

Flat regions in lieu of defined SPR peaks indicate particle agglomeration and instability. The 

flattened SPR seen opposes the effect exhibited in Car-AuNPs synthesized from crushed seed 

extract. 
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Figure 5.3:  The effect of HAuCl4 quantity on AuNP quality. A) AuNP synthesized as described in 

section 2.1.3.1. B) AuNP synthesis 200µl HAuCL4 instead of 300 µl. 

Reduction of HAuCl4 quantity resulted in longer SPR bands indicated increased AuNP size. 

The SPR bandwidth increased from a ʎmax of 538 to ʎmax of 548 
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5.3 DLS and Zeta Potential 

 

 

 

Figure 5.4: Size distribution curves prior to and after filtering the AuNPs. The size of the AuNPs 

were largely reduced and the proportion of AuNPs present within the second peak reduced from 3.6% 

to 0.6%. Additionally the first peak proved a narrower size distribution of AuNPS with 99.4% of 

AuNPs falling within the lower size range depicted. The large AuNP read could simply be an artifact 

or debris. 

 

Table 5.1: The stability of Car-AuNPs over time.  Car-AuNP stability in storage was measured by 

Zeta Potential and DLS over time. 

Time of characterization DLS Zeta Potential PDI 

Same day as synthesis 262.6 d.nm -17.4 mV 0.247 

2 weeks post synthesis 262 d.nm -19.7 mV 0.258 

4 weeks post synthesis 256 d.nm -17.5 mV 0.211 

A 

B 

https://etd.uwc.ac.za



121 
 

5.4 AuNP uptake 

 

Table 5.2 AuNP uptake efficiency determined using mean side scatter obtained from flow cytometry  

 

Sample Non-IR Mean SSC 

Uptake 

efficiency 

Control 1 014 808,38   

Car-AuNP 1 272 961,06 1,25 

Control 1 349 196,07   

 5 nm AuNP 1 110 363,04 0,82 

Control 1 409 500,86   

10 nm AuNP 1 803 518,81 1,28 

Control 1 416 769,18   

50 nm AuNP 1 417 853,31 1,00 
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5.5 Statistical analysis of Mitotic index 

 

  

Figure 5.5:  Analysis of Variance and Student Newman Keuls 

data showing the cumulative p value of the data set (p<0.001) 

and statistically significant differences between all means. 
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5.6 Reference data of CSA 

 

Table 5.3.: The cell survival clonogenic assay performed with two concentrations of 10 AuNPs after 

a 24 hour pre-incubation period. 

Incubation with AuNPs at low concentrations for 24 hours and a subsequent 6 day growth 

period revealed that colony formation was minimally affected by the presence of AuNPs in 

vitro as indicated by the resultant plating efficiencies (PE). 

 

Table 5.4: The cell survival clonogenic assay performed with two concentrations of 10 nm AuNPs 

and 8 Gy of C60 radiation. 

 

Establishing PEs for cells treated with AuNPs allowed for the approximation of dilution 

routes required to obtain appropriate cell quantities for proton experiments. 

 

 

 

 

 

 

 

 

 

Sample # Cells plated # Colonies 

counted 

Mean % PE 

Control 200 179,170,168,169 171 85 

10 µg/ml AuNP  200 190,203,204,180 194 97 

5 µg/ml AuNP 200 256,278,244,247 256 128 

Sample # Cells plated # Colonies 

counted 

Mean % PE Surviving 

fractions 

Control IR 10 000 168,175,170,186 174 1.74 0.01 

10 µg/ml 

AuNP  

10 000 179,186,174,212 187 1.87 0.01 

5 µg/ml AuNP 10 000 191,160,175,181 176 1.76 0.01 
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Normal Prob. Plot; Raw Residuals

Dependent variable: Number of Mni

(Analysis sample)
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5.7 Data distribution curves for chromosomal damage analysis 

 

 

 

 

 

 
Figure 5.7:  Distribution curves for MNi data of 50 nm AuNPs. 
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Figure 5.6: Distribution curves for MNi data of 5, 10 and Car-AuNPs. Despite a few outliers, 

the data was relatively normally distributed 
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Figure 5.8: Distribution data of the MNi assay performed after a 24 hour incubation period with 50 

nm AuNPs.  The MNi data was normally distributed. 

5.8 Dose enhancement values (MNi) 

 

Table 5.5. Calculated DEFs for CHO cells treated with 5nm, 10nm and Car-AuNPs for 4 hours 

followed by proton radiation. 

 

SOBP condition Dose Unity 

5 nm AuNP Entrance SOBP 2 0,725543 

5 nm AuNP  Middle SOBP 2 1,273187 

5 nm AuNP Distal SOBP 2 1,049664 

10 nm AuNP Entrance SOBP 2 1,205371 

10 nm AuNP middle SOBP 2 1,395122 

10 nm AuNP Distal SOBP 2 1,067797 

Car-AUNP Entrance SOBP 2 0,945634 

Car-AUNP   Middle SOBP 2 1,293245 

Car-AUNP  Distal SOBP 2 0,728745 
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Table 5.6 Dose enhancement values expressed after a 4 h incubation period of AuNPs and treatment 

with protons (2 Gy and 4 Gy) 

 

 

 

 

 

 

 

 

Table 5.7: Dose enhancement values expressed after a 24 hour incubation period of 50 nm AuNPs 

and treatment with protons 

SOBP position Dose Unity 

AuNP Entrance SOBP 2 0,730594 

AuNP Proximal SOBP 2 0,98254 

AuNP Middle SOBP 2 1,124046 

 

 

 

  

SOBP position condition Dose Unity 

AuNP Entrance Reference 2 1,038226 

AuNP Proximal SOBP 2 1,223473 

AuNP Middle SOBP 2 1,015355 

AuNP Distal SOBP 2 1,12069 

AuNP 80 % Dmax 2 1,027879 

AuNP Entrance Reference 4 1,173193 

AuNP Proximal SOBP 4 1,442308 

AuNP Middle SOBP 4 0,881412 

AuNP 80 % Dmax 4 0,953923 
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5.9 RCGG values (cell cycle kinetics) 

 

Table 5.8: RCGG values determined for Car-AuNP exposed cells 

Sample % S-phase % G2/M phase RCGG 

Control Non-IR 17,94% 31,16% 1,74 

Control Entrance Plateau 16,63% 41,86% 2,52 

Car-AuNP Non-IR 15,55% 29,43% 1,89 

Car-AuNP Plateau 16,96% 32,20% 1,90 

 

Table 5.9: RCGG values determined for cells exposed to 5 nm AuNPs, protons, and 5 nm AuNPs in 

combination with protons 

Sample % S-phase % G2/M phase RCGG 

Control Non-IR 9,17% 31,92% 3,48 

Control Entrance Plateau 26,18% 20,66% 0,79 

Control Proximal 23,74% 19,70% 0,83 

Control Middle 22,03% 20,54% 0,93 

Control Distal 22,20% 21,58% 0,97 

5 nm Non-IR 48,96% 37,27% 0,76 

5 nm Entrance Plateau 23,04% 20,09% 0,87 

5 nm Proximal 22,51% 49,15% 2,18 

5 nm Middle 24,59% 47,18% 1,92 

5 nm Distal 21,03% 48,78% 2,32 
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Table 5.10: RCGG values determined for cells exposed to 10 nm AuNPs, protons and 10 nm AuNPs 

in combination with protons 

Sample % S-phase % G2/M phase RCGG 

Control Non-IR 37,63% 26,81% 0,71 

Control Entrance Plateau 11,48% 58,45% 5,09 

Control Proximal 9,98% 60,29% 6,04 

Control Middle 8,27% 61,25% 7,41 

Control Distal 15,01% 68,98% 4,60 

10 nm Non-IR 8,12% 19,04% 2,34 

10 nm Entrance 

Reference 
6,83% 54,30% 

7,95 

10 nm Proximal 10,00% 55,16% 5,52 

10 nm Middle 9,19% 53,24% 5,79 

10 nm Distal 7,33% 52,23% 7,13 

 

Table 5.11: RCGG values calculated for cells exposed to 50 nm AuNPs, protons and 50 nm AuNPs in 

combination with protons 

Sample % S-phase % G2/M phase RCGG 

Control Non-IR 40,88% 25,49% 0,62 

Control Entrance Plateau 14,87% 39,47% 2,65 

Control Proximal 28,86% 43,14% 1,49 

Control Middle 15,87% 39,23% 2,47 

Control Distal 18,29% 60,25% 3,29 

50 nm Non-IR 39,39% 18,03% 0,46 

50 nm Entrance 

Reference 28,91% 36,33% 1,26 

50 nm Proximal 28,74% 34,06% 1,19 

50 nm Middle 30,09% 38,17% 1,27 

50 nm Distal 16,35% 64,88% 3,97 
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5.10 Cell cycle kinetics 

  

Figure 5.9: Non-irradiated controls of CHO cells. Negative controls are depicted on the left whilst 

sample B) contains 50 ug/ml of 5 nm AuNPs D) contains 50 ug/ml of 10 nm and F) contains 10 ug/ml 

of 50 nm AuNP images on subsequent pages depict these conditions with the addition of 6 Gy of 

protons at different positions along the proton beam. 

A B 

C D 

E F 
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Figure 5.10: The effect of Car-AUNPs on cell cycle kinetics. Non-Irradiated controls are depicted in A) 

and B) whilst irradiated samples in the entrance plateau with and without Car-AuNPs are depicted in C) 

and D). 

A B 

C D 
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Figure 5.11: The effect of 5 nm AuNPs on cell cycle kinetics. Irradiated controls are depicted on the left, 

whilst irradiated samples containing AuNPs are shown on the left. Samples in row A) and B) are 

irradiated in the entrance plateau position, C) and D) the proximal, E) and F) the middle G) and H) the 

distal positions of the SOBP. 

G 

F E 

C D 

B A 

H 
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Figure 5.12: The effect of 10 nm AuNPs on cell cycle kinetics. Figures on the right, depict irradiated 

controls without gold, whilst figures on the right depict irradiated samples without gold. 

A B 

C D 

E F 

G H 
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Figure 5.13: The effect of 50 nm AuNPs on cell cycle kinetics. Irradiated controls are depicted on the left, 

whilst irradiated samples containing AuNPs are shown on the left. Samples in A) and B) are irradiated in 

the entrance plateau position, C) and D) the proximal, E) and F) the middle G) and H) the distal positions 

of the SOBP. 
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