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Standard Practice for
Direct Contact Cell Culture Evaluation of Materials for
Medical Devices *

This standard is issued under the fixed designation F 813; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope USP Negative Control Plastic Reference Stantiard

1.1 This practice covers a reference method of direct contact Summary of Practice
cell culture testing which may be used in evaluating the "

cytotoxic potential of materials for use in the construction of 3-1 Cell cultures are grown to a confluent monolayer in
medical materials and devices. culture dishes. The growth medium is aspirated and replen-

1.2 This method may be used either directly to evaluatdshed to provide a resting, confluent cell layer. Test and control
materials or as a reference against which other cytotoxicity tesiPe€cimens are placed in direct contact with the cell layer to
methods may be compared. provide an accelerated assessment of the presence or absence

1.3 This is one of a series of reference test methods for thef @ Cytotoxic effect from a given material or device. See
assessment of cytotoxic potential, employing different techPractice F 1027 for definitions.

niques. 4. Significance and Use

1.4 Assessment of cytotoxicity is one of several tests ) o i . )
employed in determining the biological response to a material, 4-1 This practice is useful for assessing cytotoxic potential
both when evaluating new materials or formulations for

as recommended in Practice F 748. . . . L .
1.5 The L-929 cell line was chosen because it has gossmle use in medical applications, and as part of a quality

significant history of use in assays of this type. This is notcontrol program for established medical materials and medical

intended to imply that its use is preferred; only that the L-929d€Vvices. _ .
is an established cell line, well-characterized and readily 4-2 This practice assumes that assessment of cytotoxicity

available, that has demonstrated reproducible results in severptential provides one method for predicting the potential for
laboratories. cytotoxic or necrotic reactions to medical materials and devices

1.6 This standard does not purport to address all of theduring clinical applications to humans. In general, cell culture
safety concerns, if any, associated with its use. It is thdesting methods have shown good correlation with animal

responsibility of the user of this standard to establish appro-25S@ys and are frequently more sensitive to toxic moieties.

priate safety and health practices and determine the applica- 4-3_This cell culture test method is suitable for adoption in
bility of regulatory limitations prior to use. specifications and standards for materials for use in the

construction of medical devices that are intended to be im-

2. Referenced Documents planted in the human body or placed in contact with tissue,
2.1 ASTM Standards: tissue fluids, or blood on a long-term basis. However, care
F 748 Practice for Selecting Generic Biological Test Meth-Should be taken when testing materials that are resorbable to be

ods for Materials and Devicés sure the method is applicable.

F 1027 Practice for Assessment of Tissue and Cell Compa
ibility of Orofacial Prosthetic Materials and Devices

2.2 Other Documents:

The American Type Culture Collection (ATCC), Catalogue
of Strains IP

k. Apparatus

5.1 The following apparatus shall be used:

5.2 Incubator, to maintain 37+ 2°C and 4 to 6 % CQwith
greater than 90 % relative humidity.

5.3 Tissue Culture Grade Culture Dishehbat are sterile and
35 mm in diameter by 10 mm deep.

Note 1—Plastic dishes are recommended because they provide a flat

* This practice is under the jurisdiction of ASTM Committee FO4 on Medical and g, face that contributes to the formation of a uniform cell monolayer.
Surgical Materials and Devices and is the direct responsibility of Subcommittee

F04.16 on Biocompatibility Test Methods. 5.4 Disposable, Sterile, Centrifuge Tubes

Current edition approved October 10, 2001. Published January 2002.

2 Annual Book of ASTM Standardgol 13.01. —_—

3 American Type Culture Collection, 12031 Parklawn Drive, Rockville, MD 4U.S. PharmacopejaVol 24, Rand McNally, Taunton, MA, 1994, pp.
10852. 1652-1653. Use latest publication to ensure current cumulative revisions are used.
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5.5 Inverted Optical Microscopewith magnifications of and sloughing. Take care to ensure that the preparation is

40X, 100X, and 20(X. homogenous.
5.6 Clinical Centrifuge capable of attaining 1300xg. 8.2.2 Latex rubber has been used as a positive polymeric
5.7 Filter Disks—10 mm in diameter (for evaluation of control for a zone of inhibition.

liquids).

. _ _ _ 9. General Technique
Note 2—Millipore AP2501000 filter disks have been found satisfac- . . .
tory for use in cytotoxicity evaluations because they elicit no cytopathic .9-'1 .Use .the aseptlc tthn[que throughout this assay to
effect. Other filter disks that do not elicit a cytopathic effect may also beminimize microbial contamination.

used. L
Note 7—Mouth pipetting should not be employed to transfer cells,

5.8 Water Bath capable of maintaining a temperature of 37 medium, or reagents.

+ 2°C. 9.2 Warm all solutions and materials to a temperature of 37

Note 3—A laminar flow work area capable of filtering out 99.99 % of * 2°C before placing in contact with cells.
all particles greater than 0.5 um in diameter, or a class 100 clean room may
be necessary to prevent contamination of cultures. 10. Preparation of Specimens

6. Reagents 10.1 Sterilize all .specimens by a method appropriate to the
end use of the device.

10.2 Where a device is sufficiently small (see 10.3 and 10.4)
to fit into the culture dish leaving an adequate margin of cells
Yor evaluation, use the entire device as a specimen.

10.3 Cut large solid materials and devices in cross-section

Nore 4—Glutamine is omitted from this formulation in order to to obtain a flat surface having an area of 100 to 250°riunbe
maximize the shelf life of the medium. Immediately before use, 5 mL ofplaced in direct contact with the cell monolayer.

L-glutamine solution (see 6.1.2) are added to each 500 mL of MEM. 10.4 Prepare specimens of rod or tubing or of rod- or

Note 5—Opened containers of MEM may be stored at a temperature Ofube-shaped devices as follows:

2 to 8°C for periods of not more than one week. . .

Note 6—Antibiotics, such as penicillin G 10,000 I.U./ml and strepto- 10_'4'1 Where the diameter is less than 6.4 mm, cut 5 to 15
mycin 10,000 I.U./ml, may be added to the medium (1 ml of antibiotic perMM in length. _ _
100 ml of media) to reduce the incidence of bacterial contamination. This 10.4.2 Where the diameter is 6.4 to 15 mm, cut 2 to 8 mm

may, however, have an adverse effect on the viability of the cell culturesin length.

6.1 The following reagents shall be used:

6.1.1 Minimum Essential MediunfMEM), prepared with-
out L-glutamine and augmented by the addition of Earle’s salt
and 5-10 % fetal bovine serum.

6.1.2 L-glutamine Solution29.2 mg/mL of sterile water. 10.4.3 Where the diameter exceeds 15 mm, prepare cross-
6.1.3 Hanks’ Solution calcium-and magnesium-free (store Sections as described in 10.3. o
at room temperature). 10.5 Obtain specimens from larger medical items from

6.1.4 Trypsin 0.1 % solution in Hanks’ solution or calcium- locations with relatively large cross-sections in order to expose

and magnesium-free, phosphate-buffered saline (store frozerdfiterior material. _
6.1.5 Water, distilled, deionized, and sterile, with a mini- 10.6 If a device is constructed of two or more materials, cut

mum resistivity of 1 M)-cm. either the test specimen from the materials’ interface or test

6.2 All reagents shall be tissue-culture grade or equivalen€parate specimens from each material. o
6.3 Reagents shall be reconstituted in accordance with the 10.7 Prepare specimens for evaluating the cytotoxicity of

manufacturer's directions, using aseptic technique. liquids or extracts by saturating a sterile filter disk and allowing
6.4 Reagents shall be stored in accordance with the mand2€ excess liquid to drain off while maintaining asepsis. Use the

facturer's directions unless otherwise indicated in 6.1. saturated filter disk as a test specimen.

7. Cell Cultures Note 8—When ethylene oxide or other chemical sterilants are used,

) ) adequate aeration time should be allowed, to permit dissipation of residues
7.1 Cell cultures used in this assay should be the ATCCwhich may adversely affect the results recorded in this assay.

CCL 1 NCTC clone 929 strain (clone of Strain L, mouse Note 9—In general, specimens should be cleaned to remove any
connective tissue) designated L-929. Other suitable validate@sidues from specimen preparation, and sterilized after they have been

cell lines may be considered. Cells should be tested periodF-Ut to size. If the large solid materials are very hard, like ceramics, which
cally for Mycoplasma contamination require cutting with metal or diamond saws, care should be taken to

remove any contamination from the metal blade or from the metal bonding

8. Control Materials the diamonds to the blade. When evaluating the cytotoxicity potential of
. . . ~medical materials or devices that are contained in the final sterile package,

8.1 Prepare negative control specimens in accordance Witsterilization, further processing, or delay between the time of opening
Section 10 from a material that consistently ellicits negligiblethe package and starting the test must be avoided. With small items the
cellular response in this assay (for example, USP Negativentire content of the sterile package may be used as the test specimen.
Control Plastic Reference Standard). When the size of the sterile packaged item is too large, an appropriate,

8.2 Prepare positive control specimens in accordance wit presentative, small-sized specimen must be obtained. The application of
Sec.tion 10 from a material that consistently elicits a predict-t is assay to items in the final sterile package is limited to items that are

. small or can be cut and reshaped with aseptic technique.
able, moderate degree of cytotoxicity. Note 10—The size and shape of test specimens may vary considerably,

8.2.1 Use aqueous phenol (0.450.05 % by volume) as a providing they physically fit into the culture dish. This test is intended
positive control for a diffuse reaction of cellular degenerationonly to provide a qualitative assessment of cytotoxicity potential with no



Ay Fe13

guantitative measurement of cytotoxicity magnitude, and thus specimef3. Evaluation of Results

ize is not idered i tant. .
Sizé 1s hot considered Importan 13.1 A cell culture shall be deemed to show a cytotoxic

11. Preparation of Cell Layer effect if microscopic examination (see 12.6) reveals the fol-
Prepare confluent cell monolayers as follows: lowing:
11.1 Aspirate the medium from a 150 &mell culture flask 13.1.1 Malformation, degeneration, sloughing, or lysis of
containing a near-confluent cell monolayer. cells extending beyond the perimeter of the specimen of
11.2 Rinse the cells with 5 0.5 mL of Hanks’ solution. ~ material; or
11.3 Aspirate the rinse solution. 13.1.2 Moderate to severe reduction of cell layer density.
11.4 Add 5% 0.5 mL of trypsin solution (0.1 %) to the

Note 14—A slight reduction of cell layer density is acceptable,

flask. provided that there is no evidence of the conditions specified in 13.1.1.

11.5 Incubate for 5 to 10 min to suspend the cells. ] ] . .

11.6 Dilute the suspension sufficiently to reduce the effect of 13.2 If, for a given set of specimens, a cytotoxic effect is
the trypsin or: observed for the negative controls or no cytotoxic effect is

11.7 Transfer the cell suspension to a centrifuge tube angllicited by the positive controls, the results for that set of
centrifuge at 1300 g for 6 min and discard the supernatant. SPecimens shall be considered invalid.

11.8 Dilute or suspend the cells in 10 0.1 mL of fresh 13.3 If neither specimen of a test material elicits a cytotoxic
medium, and mix the suspension thoroughly. effect as described in 13.1, the material shall be considered to

11.9 Add 2.0+ 0.1 mL of medium to each culture dish. ~ pass this assay.

11.10 Using a sterile 10 mL serological pipette, add 5 to 7 13.4 If both specimens of a test material elicit a cytotoxic

drops of cell suspension to each dish. effect, the material shall be considered to fail this assay.
11.11 Incubate until a near-confluent monolayer has formed, 13.5 If only one specimen of a test material elicits a
as observed by microscopic examination. cytotoxic effect, the assay shall be repeated on an additional

. four specimens. The material shall be considered to pass this
Note 11—The formation of a near-confluent monolayer usually re-

quires 3 to 5 days. By counting cells with a hemacytometer (to ensure th@SSay only if ,non? of the retest §pe0|mens ,ehc'ts a cytotoxic
concentration of the inoculum) the time required for monolayer formation€ffect, otherwise, it shall be considered to fail.

may be regulated. A cell concentration of &3L0° cells/mL will give a 13.6 The use of a grading scale is suggested where:
consistent time of 24 h. It should be recognized, however, that this 0 indicates no detactable zone around or under the specimen
procedure may increase the risk of bacterial contamination. 1 indicates a few malformed or lysed cells under the

11.12 If cell suspension remains unused after step 11.10, gpecimen
subculture may be prepared by adding 9 mL of fresh medium 2 indicates a zone of lysis under the specimen and less than
to each millilitre of each suspension in a cell culture flask withg.5 cm beyond the specimen
a surface area of approximately 3 Tiior each millilitre of 3 indicates a zone 0.5 to 1 cm beyond the specimen

diluted cells and incubating it until a near-confluent monolayer 4 jndicates a zone greater than 1 cm beyond the specimen
has formed, as determined by microscopic examination.

12. Test Procedure 14. Report
12.1 Perform the direct-contact cytotoxicity assay as fol- 14.1 The report of the assay results shall include at least the
lows: following:

12.2 Microscopically examine the cell cultures and reject 14.1.1 Test date.
any in which the cell monolayer is not of correct confluency or 14.1.2 Cell strain used.

the cells show signs of granulation or sloughing. 14.1.3 Culture history of cells.
12.3 Aspirate the medium from all the acceptable cultures 14.1.4 Medium used (noting whether antibiotics were used).
and replace it with 1.5 to 2 mL of fresh medium. 14.1.5 Description of all test and control specimens, includ-

12.4 Place a single test or control specimen in each dish ifg:
direct contact with the cell monolayer. Prepare duplicate 14.1.5.1 Material or device name (including ASTM desig-
cultures for each test material and both positive and negativgation number, where appropriate).
controls. The materials should be added to the culture gently 14 1.5 2 Lot or batch number.
and agitation shall be avoided. 14.1.5.3 Source of supply.

Note 12—Low-density materials that tend to float in the medium may 14.1.5.4 Size and method of preparation.
be held in contact with the cell monolayers by placing a piece of negative 14.1.5.5 Method of sterilization.

control on top to weigh them down. 14.1.6 Statement of whether each test material passed or
12.5 Incubate all cultures for 24 1 h. failed the assay.
12.6 Examine each culture microscopically. 14.1.7 Any other pertinent observations, including any de-

Note 13—The use of an histologic stain such as 2 % crystal violet inViations from the exact method described herein.
20 % ethanol is helpful in assessing the cell cultures. o )

12.7 Quantitative or semi-quantitative assays such as MTT>- Precision and Bias
LDH, and neutral red may be considered if validated against 15.1 Quantitative precision and bias have not been deter-
the evaluation of results described in section 13. mined.
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16. Keywords

16.1 biocompatibility; cell culture; cytotoxicity testing; di-
rect contact cytotoxicity

APPENDIX
(Nonmandatory Information)

X1. RATIONALE FOR EVALUATING DIRECT CONTACT CELL CULTURE OF MATERIALS FOR MEDICAL DEVICES 5

X1.1 Medical devices such as implants and certain othedescribed in this standard is a modification of methods that
devices intended for intimate contact with organs should nohave been routinely used for more than 10 years. A positive
produce adverse biological reactions. control which produces a cytopathic effect and a negative

) . control which produces no cytopathic effect are assayed with

X1.2 7I§aboratory cell culture methods provide a rapideach test to assure that the cell cultures have expected

method”® for assessment of cytotoxicity potential of both cytatoxicity responses. Test results are considered valid only

finished medical devices and materials used in their CONStruGyhen the expected responses for both controls are obtained.
tion. The direct contact method is but one of several such

techniques that are in common use. The cell culture method

“Wilsnack, R. E., Meyer, F. S., Smith, J. G., “Human Cell Culture Toxicity
S Committee F-4 requires a rationale to accompany all standards. This rational@esting of Medical Devices and Correlation to Animal TesBigmaterials, Medical

should be readable to lay consumers as well as technical experts. Devices, and Artificial Organ¥ol 1, 1973, pp. 543-562.

®Guess, W. L., Autian, J., “Toxicity Evaluation of Lexan, Kyonar, Rilsan 8Wilsnack, R. E., “Quantitative Cell Culture Biocompatibility Testing of
Short-Term Studies,Journal of Oral Therapeutics and Pharmacoloypl 3, No. Medical Devices and Correlation to Animal Test8ibmaterials Medical Devices
2, 1966, pp. 116-123. and Artificial Organs Vol 4, 1976, pp. 235-261.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



