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Standard Test Method for
Evaluation of the Effect of Nanoparticulate Materials on the
Formation of Mouse Granulocyte-Macrophage Colonies’

This standord is issoed uoder the lred desigpation B 72525, the nonber mmnedialely Tollowing the designation indicales the yoor of
original adepion or, it the case of ©vision, the year of last revision. A numboer in parentheses indicates the year of last wapprovi

superscript epsilon (€] indicates an editorial change since the

1. Scope

I.E This lest method provides a protocol for quantilalive
analysis of the effect of nanoparticulale materials in physi-
ologic solution on granulocyte-macrophage colony-forming
uniis.

1.2 This test method employs murine bone marrow hemato-
poietic stem cells which proliferate and differentiate to form
dizcrete cell clusters or colonies which are counted.

1.3 This test method is part of the in vitro preclinical
characterization cascade for nanoparticulate materials for sys-
temic administration in medical applications.

1.4 Thiy stondard does not purpor! (o address all of the
safely concerns, if any, associaled with iy wse. Il iy the
responsibility of the user of this standard to exstablish appro-
prigie safely ond health practices and determine the applica.
bility of regulatory limitations prior Io use.

2. Referenved Documenis

2.1 ASTM Standards: ?
FOIH0O3 Practice for Testing For Biological Res
Particles in vifro ]
2.2 ANSI Standard:
AMNEY AAMI 5T72 Bacierial Endogo
ologies, Routine Monioring, 2
Testing?

3 ’%‘ez‘m&.@@i@gy

3.1 Abbreviations:

311 BM-hone ﬁ’}sii’i}‘«&
3.1.2 CFU-GM—fol;
macrophage
3.13 Czs'g}if

*This test merhod s onder the judsdiction of ASTM Commitiee E36 on
Manotechnology and s the dircet responsibility of Subcommitiee B36.02 on
Characterization: Physival, Chernival, aod Toxicological Properties.

Current edition approved Feb. 1, 2008, Publishe ary 2008,

2 Por referenced ASTM standards, visit the ASTM website, www.astmorg. or
contact ASTM Customer Service at service @ astm.org. For Anaual Book of ASTM
Stamdards volume information, refer to the standard’s Document Summasry page on
the ASTM woebsite.

* Availuble from American National Standards Insiitude (ANSD). 23 W, 430 81,
dith Floor, New York, NY 10036, hiip//www.ansi.org,

a8l revision or respproval,

wparticulate materials on the formation
imacrophage colonies is assessed. Bone
{,;ﬁﬂbd from mice and cultured in stimula-
he nlimber of colony forming units following
anoparticles is counted and compared to baseline
control. This determines if the nanoparticulate
# physiologic solution is stimulatory or inhibitory o
rrow stem cells. Aseplic procedures are necessary.

ignificance and Use
3.1 Stem cells of hematopoietic origin are pluripotential and
may be particularly sensitive to the effects of stimulation hy
nanoparticulaie materials.

5.2 The elfect of particles on macrophage responses has an
exlensive history and can be assessed by Practice F 1903, The
test method deseribed here will assess the effect on stem cells
which can be progenitor cells (o the macrophage line.

6. Reagents and Materials

6.1 Puriry of Reogents---Reagent grade chemicals shall be
used in all tests. Unless otherwise mdicated, 1018 intended that
all reagents conform o the specifications of the Committee on
Analytical Reagents of the American Chemical Soviely where
such specificstions are available? Other grades may be vsed,
provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination.

6.2 Rengents and Supplies:

6.2.1 MethoCult medium, StemCell Techuologies Inc cat #
03534,

* Reagent Chemicals, American Chemical Society Specifications. Amerivan
Chemieal Society, V\;ath#mn TXC. Tor Suggestions on the testing of magents not
listed by e Americ ieal Anglar Standards for Laboraiory
Chesieals, BDH Tad., Poole, I)mm ., and the Dafed ‘?mfz?s Pharmacopeia
and National i"{gmaéz@ﬁ LB, Pharmacopeial Convenbion, Inc {USPC), Bockyille,
M

Sopyright © ASTH Intemational, 100 Bawr Harbor Drive, PO Box G700, West Genshehocken, PA 18428-2058, Unitsd Siates.
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6.2.2 Fetal Bovine Serum prescreened for hematopoielic
stem cells, StemCell Technologies Ine cat# 06200

623 IMDM with 2% FBS, StemCell Technologies Inc
cat# 07700

6.2.4 Sierile distified water.

6.2.5 Cisplatin, {positive control} Sigma cath P4394.

6.2.6 Sterile Ca™/MG*-free DPBS. (negative conirol)
Sisma cat# DE537.

Nore 1—The source of the reagents is shown for informatlion purposes
only o aid lahoratories nitiating this procedure. Equivalent reagents from
other suppliers may he nsad.

6.3 Eguipment—Aseptic procedures are necessary and care
should be ssed in acquinng sterile equipment as needed.

6.3.1 Pipettes covering the range of .05 0 10 mi.

6.3.2 35.mm cullure dishes prescrecned o support siem cell
growth and differentiation. StemCell Technologies Inc cat#
*?i(){}

3 Blunt-end 16-gauge needles, StemCell Technologies
Inc sai.# 03534,

6.3.4 100-mm Peiri dishes,

6.3.5 Plastic beakers.

6.3.6 Polypropylene tubes 50 and 15-mlL.

6.3.7 Centrifuge.

6.3.8 Refrigerator, 2 1o 8°C.

6.3.9 breczer, -20°C

6.3.10 Cell culture incubator with 5% CO, and 95 %

hurnidity.

6.3.11 CO, cuthanasia box, or approprisfe cquipment g
proved by institution.

6.3.12 Scissors [or fissue dissection,

6.3.13 Forceps.

6.3.14 Biochazard safety cabinet approved L
dling of biological material.

6.3.15 Inverted microscope.

6.3.16 Vortex,

6.3.17 Hemocviometer

5 Sirgiy

8 to 12 weeks old, are nsed. U
from at least two (2) animal

hedhooled cells derived
recomimended.

7. Procedure .
7.1 Aseptic ?rcc;i
7.2 Reagent
7.2.1 Methy

& pire requited.
o Preparation:
frr——The MethoCuolt medinm is sup-
plied in 100-ipk thaitches. I is recommended by manulac-
turer that the meg nm be thawed at room temperatuse or in a
refrigerator oveshight, vortexed to mix the ingredients, then left
at a room temperature for approximately 5 min 1o allow air
bubbles to dissipate. If using another source of media, follow
the instructions indicated by the supplier Use a 16-gauge
blunt-end needle to dispense 3-mL aliguots of the MethoCult
medium into sterile 15-mL tubes. Store the aliquoted medium
at a nominal temperature of _20°C. Before the test thaw the
requited number of tubes al room lemperature for approxi-
mately 20 min and keep on ice prior (o use. Repeated freeving
and thawing should be avoided.

7.2.2 50 mM Cisplatin {Posttive Controd)—Cisplatin i3
supplied in a Iyophilized {orm. Reconstitule the [yophilized

[N ]

powder by adding the appropriate amount of DMS0 to make a
stock solution with nominal concentration of 30 mM. Prepare
small aliguots and store al g nominal femperature of 80 *CL
Prior to use in the assay, thew an aliguot of the stock solution
at room femperature and dilule in IMDM supplemented with
2% FBS W bring the Cisplatin concentration to 2 md. One
hundred fifty (150} ubL of this Intermediate solation is then
added to 3 mL of culture mediom. Final concentration of
Cisplatin in the positive control sample iz 100 ubL

7.3 Preparation of Study Samples:

7.3 This assay requires 1200 gl of E’Eg (ﬁ) i
samples in duphicaie lor cach of 4 congy %i:
particles subjecled o the biological e sdrornment shonld
h ave heen f_hgmaiu'vgd a8 gi}'?[li’i){ii’ telid allow adeqguate data
infdrmation Lo predict
-to-lot varistions in
ey of the particles conld
. ihs% assay, iha g}&;"mim

icles, 150 pl
s, 1 he nano-

.
5

has;iagaai TERPOTISES,

particle size and surfac
result in different assay
shall be provided i
T2x02andt

selutidy shaﬂ be, di,ﬁﬂcd The pEi?éE&iﬁGﬂ
shall be sterile a gge Eu ei ;ﬁ LPS provided or determined by
the testing %& OLalpry S AAMI 5T72 may be helpful. The
] r&desﬁ;}L aﬁd mcs’sni shall be mdiwﬁe&

v ‘yuﬂy dsspusid n i%ai §aqmd i %h%. coneentration ée;
ntended use is known, this may serve as the highest
ghceniration o be tested and at least three dilutions made.
7.4 Isolation and Counting of Bone Marrow Cells:

74.1 Position the euthanized mouse on its back and rinse
fur thoroughly with 70 % alcohol.

742 Cut a shit in the fur Just helow the b cage without
cutling the peritoneal membrane.

743 Firmly grasp skin and peal back o expose hind limbs,

744 Using sterile sharp dissecting scissors cut the knee

ioint in the center, Cut through ligaments and excess tissue

T.4.5 Grasp femur with forceps and cut femur near hip joint

74.6 Free thna by cutting near the ankle joint

747 Trim the ends of the Tong bones o expose the interior
marrow shaft. Put bones in a sterile Petri dish or in sterile
cultnre medium and place on ice. Bones should be collected
from multiple animals.

T4.8 Using a 3-ceosyringe with 21 or 22-gauge needle, draw
up to ! to 3 mL of cold Iscove’s MDM supplemented with 2 %
FBs.

748 Insert bevel of needle into marrow shalt and flush
marrow into 15-ml. tube. Repeat this procedure for all bones.
The same medium can be used o solate marrow from 1 1o 3
anmimals. The medullary canal should appesr white once all the
marrow has been expelled.

7.4.10 Keep the needle below the surface of the medium and
gently draw the cell suspension up and down with 3-cc syringe
and 2l-sauge needle 3 to 4 dmes o make a single cell
suspension without intraducing air bubbles.

7.4.11 Keep cells in medium on ice natil use.

7412 Perform a nucleated cell count. Dhlute an aliguol
sample of the cells with 3 % acetic acid with methylene blue
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F:50 {20 ul. cells + 980 pl. 3 % acetic acid methylene blue) or CFUG, CFU-M or both eell types (CRFU-GM). CFU-GM
P00 {10 ple cells + 990 pl. 3 % acelic acid methylene bluel. colonies often contain multiple clusters and appear as dense
Then use either hemoceytometer or automatic cell counter {that core surrounded by cells. The monoeytic Hneage cells are large
counts nucleated live cells) to determine the number of viable cells with an oval to round shape and sppear to have a grainy
nucleated cells. An average cell count 15 expected o be or grey cenler. The granuloeytic lineage cells are round, bright,
1-2 % 107 for femur and 0.6-1 X 107 for tibia from each and are much smaller and more uniform in size than macroph-

mouse. ages. It is easy 1o see lndividual cells of a CFU-GM colony,
7.4.13 If cell viability and count are acceptable providing at - especially in the periphery of the colony.

Teast 10° viable cells proceed (o the next slep. 7.6.2 See Tin. | for the following colony exumples. Colo-
7.5 Experimental Procedure. nies zeen on Figures A and B are CFU-GM. Colonies on

wonsieates an
J-G colonies

7.5.1 Label lids of 35-mm culture dishes at the edge usinga  Figures C and D are CFU-M. Figure
permanent fine felt marker. There will be two 33.mm culiore example of single CFU-G colony.
dishes for cach control and iest article. growing together are shown on Féﬂifi, %

i

7.5.2 Thaw the ahiguoted tubes of MethoCull medium al
foom femperatire or in a refrigerator overnight. 8. Caleulstion or Interpretaid s

7.5.3 Vortex tubes to ensure all components are thoroughly R 1 Determine the me ard deviation and the
mixed. Percent Coeflicient of ior cach control or test

7.5.4 Dilule bone marrow cells isolaled according to the according (o the followin
provedure deseribed in section & with Iscove’s medinm supple-

mented with 2 % FBS o 4 X 10° cells per ml.. S o
7.5.5 Add 150 uL of cell suspension and 150 pL of either 8.2 Percent C ]{%ﬁhﬁﬁ“ﬂﬁ is calculated as follows:
Iscove’s medium with 2 % FBS (baseline), PBS (negative 8 {Haseline CFU—GM — Test CFU - GM}
control), Cisplatin (positive control), or nanoparticles (test fron = Baseline CEU~— GM * 100 %
sampled o 3 mb of MethoCult medium. (2

7.5.6 VYortex tubes to ensure all cells and medium compo-
nents are mixed thoroughly. _
7.5.7 Let the tubes stand for 5 min o allow bubbles 1, /1
dissipate. J
7.5.% Label two 35-mm Petri dishes for cach sampief
haseline, negative control, positive control, and the test alfic g
Huach sample 1s thus tested in duplicate. '
7.59 Attach a 16-gauge blunt-ended need

9. 1.1 If the positive control or niegative control fail to meet
aceeplance criterion desenbed mn 9.7 the assay should be
repeated.

9.1.2 I the assay meets the scceplable crilerin but a lest

syringe, place the needle below the sorfac U ot sample fails to meet acceptance criterion described in .1 this
camaras] in 7R R [ATTd . 3] felvy 4 : & i :
prepared in 7.5.5. Draw up approximately 7 thet i test sample should be re-analyzed.

4.1.3 If two duplicates of the same test sample demonsirate
results different by more then 20 %, this sample should be
reanalyzed.

49.1.4 Determine if the results of the test sample are different
from the media control and indicate if the test sample is
stimulatory or inhibitory.

4.1.5 Deterimine if there is a dose response.

7.5.10 With this syringe and
and dizpense Ll miinto ench o
the cell suspension evenly by
dish, Cover the 35-mm dish
a 100-mm Petri dis ;
100-mm Petri dish
water and do 10,60
chamber. Placd

7.5.11 Re ‘,

L place the two feplé.sa'ies into
4 third 35-mm dish into the
%5-mm dish with 3 mL of sterile
isidish. This will provide a homidity

o the 100-mm Petri dish, )
J for all samples and place the cultures 10.1 Precision and hias have not been determined Tor this

in an incuh 41)&' fintained at 37°C, 5% CO, and 95%  tost method and will he determined within 3 vears of publica-

humidity. d tion of the standard. AL this time there is no commercially
7817 Iné,u‘sa‘{a for 12 days. On the 12th day remove dishes available test article of suflicient guantity and reproducible

from incubator, identify and count colonies as described below,  quality o conduet intra- or interlaboratory comparisons of

Representative values of CFU-GM for C57BL6 mice at8 10 12 Precision and bias.

weeks of age range from 64 & 16,

16, Precision and Bias

7.6 Couni the CFU-GM Colomnies: 11. Keywords
7.6.1 This count includes the CIU-grannlocyle (CTU-G), 11.1 bove marrow; CFU-GM; clonogenic assay; granulo-
CFU-macrophage (CFU-My and CFU-granulocyte macroph- cyte, macrophage; myelosuppression; nanoparticles; preclini-

age (CFU-GM). Count the colonies containing at least 30 cal development; stem cells
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ASTM infemational lakes no posilion respecting the valldity of any patent rights assertad in connection with any item mentoned
in this standard. Users of this standard ars expressiy advised thatl delerminafion of the valicity of sny such palerd righis, and the nsk
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i nof revised, sither reapproved or withdrawn, Your commenis ara inviled gifher for revision of ihis siandard or for addifionsl sé‘%g x
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make Your views known io e ASTH Committee on Standards, af the address shown helow,
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