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Background Methods Results Discussion

Particle Preparation & Characterisation Particle Characterisation LMS-1 is a novel lunar dust simulant; this is the first study to determine its toxicological
Humans will set foot on the moon again by 2024 (1). * LMS-1 was screened at 22um, using a sieve. . Size: The particle size distribution (PSD) of the <22um fraction of LMS-1 effects on respiratory cells in vitro.
Permar\ent human presence on th'e moon will « To create ground (fractured) particle samples, 0.01g of the <22um was largely unaltered by 10 minutes of grinding. An increased inflammatory response in TT1 and THP-1 cells exposed to ground LMS-1
necessitate the use of lunar regolith for in situ resource fraction of LMS-1 was ground by hand using a mortar and pestle . g, face area: ground LMS-1 particles had a larger surface area suggests that particle size, surface area and angularity likely contribute to toxicity.
utilisation ~ (ISRU) (2)'. C.ons.equently, inhalational for 10 minutes. (15.8m2/g) than unground LMS-1 (12.3m2/g). There was little overt toxicity of LMS-1 particles against TT1 epithelial cells. Although, cell
exposure to lunar o.Ius.t is inevitable and expected to * Following grinding, the * ' particles  were . porphology: SEM images of LMS-1 screened at <22um reveal irregular membrane leakage was observed in TT1 cells exposed to freshly-ground LMS-1 and a similar
increase in future missions. immediately suspended in cell culture medium and vortexed particles, heterogenous in size and morphology. Grinding LMS-1 trend was seen in cells exposed to aged-ground particles. These findings likely reflect early,

immediately before applying to the cells. oroduced more fine particles. pre-necrotic cytotoxicity of ground LMS-1.

Previous human exposure to the lunar environment is * To obtainan’ ’ sample, the ground particles were left exposed In contrast, MTT assays indicated that THP-1 macrophage-like cells were metabolically
limited to the 12 astronauts of the Apollo missions, to air for 24 hours prior to cell exposure. ____ UNGROUNDLMS-1 _ GROUNDLMS-T activated at low particle concentrations. Interestingly, unlike TT1 epithelial cells, there was

and therefore the pulmonary effects of lunar dust . Ground and unground samples of LMS-1 were characterised for - no significant difference in LDH release, suggesting THP-1 cell death did not involve necrosis.
remain unknown. To anticipate and protect the health their:
of future astronauts, the toxicological potential of > Size (Malvern Mastersizer)
lunar dust on the respiratory system must be » Surface area (BET surface area analysis) & .
thoroughly investigated. » Morphology (Scanning electron microscopy) CO n C I u S | O n

: . : o8 N A . ~ ol .: Even low levels of exposure to LMS-1 could result in alveolar inflammation. This may have
Micrometeorite bombardment, solar-wind and UV e 0 o ey o — pathological conseune)nces for astronauts exposed to lunar dust on future Iong-dUVration

Sample

radiation simultaneously melt and fracture lunar dust LMS-1 particles screened at <22um

particles (3). Similarly to fractured quartz, freshly-
fractured lunar dust produces reactive oxygen species
in solution (4), which are known to cause cellular

damage and inflammation. Immediately added to cells —— @

missions. Future research should test the effect of low-dose, intermittent lunar dust

Mortar & Pestle 10 minutes Fig. 1: SEM images of the <22 um fraction of LMS-1 unground (left), and ground for 10 minutes in a eXposure on the respiratory system.

mortar and pestle (right)

TT1 Cell Viability

Cell Viability = 150=-
= =3 Cell Only Control

During the Apollo era, 500kg of lunar regolith was f In TT1 cells, there was no significant reduction in cell viability. In fact, cells 5 T T mm ZnO 20pg/mi

' _ , _ exposed to aged-ground LMS-1 across all particle concentrations showed a 2 =3 25pg/ml
brought back to Earth (1); of which only a small Left exposed to air for 24hrs ——» small increase in MTT, reflecting either increased cell proliferation or S 100 — T =3 50ug/mi
fraction is respirable (5). Therefore, it is necessary to metabolic activity (Fi 2’) g = 100ug/m|
use lunar dust simulants to conduct in vitro yrie. <) , _ o _ L 2 == 200ug/mi
toxicological experiments. Lunar Mare Simulant (LMS- _ In THP-1 cells, there was an increase in proliferation/metabolic activity in 2 S ],

: hg. h-fid FI) . -based | q ulant: Cell Experiments cells exposed to low concentrations of LMS-1. This was followed by a dose- §

_1) 's a high-fidelity mineral-based lunar dust simulant; e A human and a dependent decrease in cell viability that was most marked in THP-1 cells 3 I
it broadly mimics the mineralogical and chemical were exposed to 0-200ug/ml of exposed to aged-ground particles, however this was not significant. ' Ungound  Aged Ground  Freshly Ground
com 05|t|9n of an aver_'a = mare_locatlon on the moon unground, aged-ground and freshly-ground LMS-1 (screened at Cytotoxicity Fig. 2: Cell viability of TT1 cells following a 24 hour exposure to unground, aged-ground and freshly-ground LMS-1,
and contains 42.81% SiO2 by weight (6). <22pum). determined by MTT assay. Data are presented as a % of the cell-only control.

TT1 cells exposed to ground LMS-1 exhibited a dose-dependent increase in

Al m & H ypOt h eses * Cell viability, cytotoxicity and inflammatory mediator release (IL-6, | DH release. At the highest particle concentration (200p/ml) there was a
LDH Release TT1 Cells

IL-8) were assessed using an MMT, LDH and ELISA assay, significant 3-fold increase in cell death compared to the cell-only control

: To assess cytotoxicity and inflammatory mediator respectively. (Fig. 3). TT1 cells exposed to unground LMS-1 showed no increase in LDH 509 L el oy Contra
. . . . FT T L] e n ontro
release in pulmonary epithelial cells and macrophages release compared to the cell-only control at any concentration. ~ 40~ = 210 200gm
=
?ngsedd ECK/ISUTfraCtUFGd, aged-fractured and freshly (3 PARTICLE CHARACTERISATION In THP-1 cells, unlike TT1 cells, there was no increase in LDH release, @ 20 =3 25ug/mi
racture e S _ S compared to the cell-only control at any particle type or concentration. © - B3 50ug/mi
Malvern Mastersizer particle size distributions . ) mEm 100pg/ml
: Scanning Electron Microscopy (SEM) Inflammatory mediator release i 20 mm 200ug/ml
BET surface area analysis There was a dose-dependent increase in IL-6 release from TT1 cells exposed 3 104
)\ /\ to ground particles. However, unground LMS-1 had no effect on IL-6 release. B ﬁ
1 \ 2 J CELL VIABILITY Th dose-dependent i in IL-8 release from TT1 cell d 0=
\_/ MTT assay ere was a _ose- epen (_ent mcre_ase IN IL-o6 release rom cells expose Unground Aged Ground Fresh Ground
Ereshly f g Freshlv fractured LDH assay to all 3 particle preparations. This was most marked in cells exposed to Fig. 3: Cytotoxicity of TT1 cells following a 24 hour exposure to unground, aged-ground and freshly-ground LMS-1,
resnly racture LMS 1y 1l ing freshly-ground particles, where there was a significant increase in IL-8 determined by LDH assay. Data are presented as % LDH release. * = P<0.05.
LMS-1 will induce -1 will induce )
~ ) INFLAMMATORY MEDIATORRELEASE release at 100pg/ml and 200ug/ml compared to the cell-only control
more cell death more 3 L6
inflammatory L8
mediator release References
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