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Table 1  Compositions of serums used to lubricate wear tests

Protein | Albumin Globulin Alb/G | Cholesterol
(Total)
(mg/ml) a-G B-G | y-G
Serum A 18.3 8.4 2.7 3.4 3.8 0.85 0.91
Serum B 15.5 7.8 23 4.0 1.4 1 1.99

Na, P, Cl, Ca and P concentration : SerumA = SerumB
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Table 2 Size and shape descriptors of UHMWPE wear debris in Serum A
N ECD (um) AR E R
Fiber 56,550 0.54+049 3.66+1.53 1.95£2.05 0.34=x0.11
Flake 38,100 0.29+0.19 2.74+0.65 0.87%£0.51 0.56x0.05
Granule 118,725 0.21%+0.11 2.25+045 0.59%£0.27 0.84%0.10
Total 213375 031+031 271+1.08 1.001.24 0.66L0.24
Table 3 Size and shape descriptors of UHMWPE wear debris in Serum B
N ECD (um) AR E R
Fiber 12,675 0.60+0.73 4.17=1.99 2.14%£273 0.34=x0.11
Flake 11,400 031022 288%=0.71 0.85%=0.55 0.59%=0.05
Granule 34350 0.26=0.14 2.14x0.55 0.63=0.30 0.85x0.09
Total 58,425 0344039 273+1.34 1.00=1.44 0.69£0.23

N: Number, ECD: Equivalent Circle Diameter, AR: Aspect Ratio, E: Elongation, R: Circularity
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Effects of multi-wall carbon nanotubes on rice cells in in vitro culture system

et Ko R FBeR EREDT iR
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Introduction

Rapid development in nanotechnology has led to predication of great benefits but also great
dangers to humanity and the eco-environments. In fact, studies on nano-toxicity have suggested that
the nano-materials may have some adverse effects on human beings and animals. We have
investigated the possible toxicity of multi-wall carbon nanotubes (MWCNTs, which typify the
tubular nanomaterials) towards plant using rice as the target. Studies were carried out by callus
induction, followed by cell suspensions of rice in the presence of MWCNTs in the incubation
media.

Materials and Methods

Matured embryos of rice (Oryza sativa L.) seeds were used for callus induction. The sterile
seeds were placed on callus induction N6 solid medium or Murashige and Skoog (MS medium)
solid medium. After three months with several generates’ subculture, the friable and well-growing
calli were selected, transferred to liquid medium for cell suspension culture. After ten days,
MWCNTs were added to the liquid medium and dispersed by ultra-sonication. Three groups of five
10 ml samples were prepared: group A conatining 0.05g/l MWCNTs, group B, 0.1g/l MWCNTs,
and group C, the control, which having no MWCNTs. These three groups of five samples were
placed on a rotary shaker at 120 rpm in the dark. After 4 days of incubation, the samples were
examined using light microscopy; cell density was also determined using hemocytometer. For
density determination, the cells in each sample were counted five times, and the greatest and
smallest values ignored. Three values were thus used to determine the average density for each
sample. Comparison studies were conducted using carbon blacks (these partial-like materials have
been the industrially utilized structural or conductive filler in plastics) as the reference samples. The
possible reminded catalytic metals in the samples were removed by refluxing the carbon
nano-materials in 4 M hydrochloric acid for approximately 20 hours.

Results and Discussion

The cell density in groups A and B was much lower than in control group C (Table 1). Moreover, as
the concentration of MWCNTSs increased from 0.05 g/1 to 0.1 g/l (two-fold), the cell density was
reduced from 38 to 27 (71%). Light microscopy revealed many black clumps in the samples in
groups A and B, as well as cells that were not associated with MWCNTs (Figure 1, left-photo).
Scanning electron microscopy (SEM) images confirmed that these black clumps were MWCNTs
that were tightly wrapped around and associated with the cells (Figure 1, right-photo). The number
and the size of the black clumps in sample B were much greater than in sample A, and the
percentage of the area of the cells covered by MWCNTs ranged from 0 to 100%; in some instances,
the covered area was greater than 100% due to multiple layers of MWCNTs (see Figure 1). It also
seemed that once cells were associated with MWCNTs, further association was more likely until
finally an aggregate or precipitate formed. In other words, when MWCNTs were added to the
culture medium, all the cells in suspension would theoretically have an equal probability of making
contacting with them. However, only part of the cell population interacted with MWCNTs, and the



cells that first associated with MWCNTs were then more likely to form even more associations until
they were covered completely. As the cells combined with MWCNTSs, the size of the celMWCNT
aggregates (i.e. the black clumps) became larger until the aggregates were precipitated from the cell
culture.

The reference materials, namely, carbon blacks have also shown some adverse effect; this,
however, was smaller than MWCNTs. The cell density in Group R1 (carbon blacks, 0.05 g/1) and
Group R2 (carbon blacks, 0.10 g/l) was 45 and 36 cell/1ul, respectively. On the other hand, for
MWCNTs, the cell density was 38 and 27 cell/ul, respectively, under the identical situations. Very
few black clumps (cells interacted with carbon black particles) were also observed, the percentage
of the area of the cells covered by carbon blacks however, ranged from 0 to 20%.

Table 1 The effects of MWCNTSs on the density of cultured rice cells grown in suspension. Carbon
blacks were used as the reference for comparison.

Density | 5 3 4 5 A\'el'f:gc
cells/1 pl density
Group A“ 45 41 36 38 29 38
Group B’ 25 78 28 15 28 27
Group RI° 52 31 50 34 86 45
Group R2“ 47 30 72 17 32 36
GroupC® 69 31 93 65 130 76

“ Group A: 0.05 g/ MWCNTs. ” Group B: 0.10 g/L MWCNTS. © Group R1: 0.05 g/L carbon blacks.
4 GroupR2: 0.1 g/L carbon blacks. ¢ Control samples (Group C): no MWCNTs. For each sample (5
samples/group), five density measurements were done. The largest and smallest values were
ignored, and the three remaining values were used to calculate the average value (columns 1-5).
These average values were used to calculate the average cell density for the group (rightmost

column).

L 10kv  X1,300 1oum - DA2BSEl
Figure | Observation of cells in suspension incubation

using light microscope (right-photo) and those after the sample-treatment using SEM (left-photo)
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HeLa cell by SOR X-rays and light
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