Development, Optimization and Standardization of an in vitro Skin Irritation Test 10 [
for Medical Devices Using the Reconstructed Human Tissue Model EpiDerm™
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ABSTRACT

Assessment of dermal irritation is an essential component of the safety evaluation of Extracts from medical devices Abbreviation Extraction conditions (37°C)

medical devices. Reconstructed human epidermis (RhE) models have replaced . .
Extraction solvent Time

Table 2. Extracts from Medical Device samples tested in the EpiDerm SIT- MD protocol Table 3. Nine laboratories underwent training in the EpiDerm SIT-MD protocol

Laboratory Country Location of |Date
the training

rabbit skin irritation testing for neat chemicals (OECD TG 439). However, medical RIVM The EU October 1-2, 2013
device (MD) extracts are dilute solutions with low irritation potential, therefore the DPBS Netherlands
validated RhE-methods needed to be modified to reflect needs of ISO 10993. S . : > > > > > Eurofins Italy EU November 5-6, 2013
: - . : - . icryl Suture icry
A protocol employing RhE EpiDerm was optimized in 2013 using known irritants and Polymer Y-4 I § § § § § § NIOM Norway EU November 12-13. 2013
spiked polymers (Casas et al., TIV, 2013). In 2014 a second laboratory assessed the Silicone samples spiked with Heptanoic ~ HA 25 % . . . . . . ————T . i 80 5014
transferability of the assay. Two additional exposure times were tested along with acid - 25% y e-3,
other medical device materials. Silicone samples spiked with SDS - 17/% SS 17% X X X n.a. n.a. X Arthrex USA EU July 29-30, 2014
After the successful transfer and standardization of the protocol, nine EU and USA Silicone samples spiked with SDS - 15%  SS 15% X X X n.a. n.a. X
laboratories were trained in the use of the protocol in the preparation for the Nelson labs USA USA November 12-13, 2013
validation. All laboratories produced data with almost 100% agreement of predictions NAMSA USA USA November 12-13, 2013
for the selected references. -
Two of the laboratories performed additional tests with heat-pressed PVC sheets RESU LTS RO SEEmie hei S ety 2021, 2804
spiked with Genapol X-080 (Y-4 polymer), Vicryl suture, and polymers spiked with TOXICON USA USA July 15-16, 2014
heptanoic acid and sodium dodecyl sulfate. All materials were extracted for 24 or 72 Vicryl suture IL-1 levels (pg/ml) +SD
. . . . fo) o) 350,000
h(_)ur_s_ln bot_h _sal!ne and sesame oll at either 37~ Cor 70 " C. - 140 o EU and US Laboratories - viabilities
Significant Irritation responses were detected for Y-4 under all conditions. These 120 | | T 4 hrs exposure
. . . . ] - L _ 250,000
results were consistent with those reported by other research groups involved in the 12‘; bl ig " 2#hexiraction + 18 exposure o uic 120,0
upcoming validation study. Vicryl suture was negative and spiked polymers were o | [oAnededionyih eposure e
: o ] ] 72 h extraction + 4 h exposure 150,000 VC (water) 100,0 - | RIVM (EU)
either positive or negative dependent on the extraction solvent. 20 - .72 hextraction + 18 h exposure 100,000 a vicry = EUROFINS (EU)
We conclude that a modified RhE skin irritation test has the potential to address the 20  m72hextraction +24h exposure 50,000 I- 80,0 " NIOM (EU)
. . . . . . . . 0 ! . !
skin irritation potential of the medical devices, however, standardization and focus NC Viaryl, Sample cutinto Viryl, Sample cut into 0,000 L | . = 5P Technical (EU)
. . . . .. ieces, ieces, 4h 18h 24h , B
on the technical issues is essential for accurate prediction. TP RD | e Arthrex (US)
Figure 1. Representative results for Vicryl suture (viabilities % and IL-1a levels): Regardless the extraction time and the 40,0 - Nelson laboratories (US)
extracting conditions tested (DPBS, Saline, Sesame Oil or Water — sample cut into 2 pieces and 70 pieces), Vicryl suture did not = NAMSA (US)
produce cytotoxicity nor elevated release of the IL-1a, an inflammatory marker. 20,0 _ B i
oston scientific (US)
M ET H O DS - _ 0.0 TOXICON (US)
| | | S | Polymer Y-4 | I ‘ Gjr\ DPBS  0,9% NaCL Sesame oil 1%SDSin 1%SDSin Lactic Acid Heptanoic NT controls
Tissue Model: The EpiDerm tissues are cultured at the air-liquid interface allowing o @ /%\ water  sesameoil 4% acid 2%
. . . 1 . — . . . . N ' AR | \ o ;/j‘\',
e s ferentalo and lopica Socaton o oo s gy | RETEMR . . st abianed by he ine et lboratries during e wang
_ _ P _ _ P ' 5000 17 ‘ I - | 1 e e f ’ : \ W < : sessions with the shortest exposure time of 4 hours. 1% of SDS in polar and
The EpiDerm Is produced under Good Manutacturing Practices (GMP). s000 | - - P2hestcion herpor non-polar solvents was used as the positive control and 2 chemicals at low
T concentrations (Lactic acid at 4% and Heptanoic acid at 2%) were used as
Stratum cormeum | ® 72 hextraction + 24 h exposure benchmarks due to their known irritating properties in rabbits and humans. Training
S5 Stratum granulosum 0 A u _ 179905 SilicoNe salineil "o sBe sl - el ;\é,samebg;; was _Condqctgq _With 4-hour exposure, since at 18 and 24 hours, all the test materials
| B = 1 Haw B Eee B provided viabilities below 25-30%.
.~ Stratum spinosum NC Y4, S.0. Y4, DPBS Y4, Saline ' ‘
<y ’ ’ ’ , - / ; ﬁ I\ - A\ J
; / 7 2
St e Figure 2. Representative results for Y-4 Polymer (viabilities %): Photograph taken during one of the experiments at RIVM S U M MARY & Co N C LUS I o N S
Membrane Regardless the extraction time (24 or 72 hours) and the extracting showing an experimental design on a 24-well plate and the
conditions tested (DPBS, Saline, Sesame Oil), Polymer Y-4 produced results before the MTT-extraction and optical density
: ' ' ignificant cytotoxicity after 18 and 24 h f d . . . . .
Protocol: The tissues were exposed for 4, 18 and 24 hours to extracts from medical ’[Sf:%?le ;cc)?en i ?é |(; ;);:% éf aa; i?rritatin ;n ours of exposure and can  measurements. . We have developed a highly sensitive protocol for testing skin irritation potential
devices. Extraction conditions were either 24 or 72 hours, polar as well as non-polar | of extracts from medical devices.
solvents. Viability was assesse_d n _the MTT assay. In some of the experiments IL-1a Silicone samples - spiked with 17% SDS Silicone sample - spiked with 25% HA . The protocol was evaluated for transferability and predictive capacity in several
was measured to support the viability assay outcomes. 140,00 laboratories.
e T N L] W N - Initially 4, 18, 24 and 48 exposure times were evaluated (see also Casas et al)
il I R 000 ‘ ‘ ‘ —T i and 18 hours exposure was selected as being the optimal in this protocol.
. . . . ’ 6000 — I S— — —— 72hextraction+4 h exposure . . . . . . . .
Table 1. Materials used as benchmarks for development of a predictive test for skin 60,00 — 72 h extraction + 18 h exposure | n:emmtheiwe * Nine EU and US laboratories underwent training in in this procedure in 2013 and
irritation of extracts from medical devices 40,00 +— ™ 72 hextraction + 24 h exposure o0 | o }  “Thetadons 8h o 2014 in preparation for Round Robin validation.
2étrsdanmal 17 nscuaneous | ahcenmel appkcaton- Henan(S0) | 18 el sgplcalon Human (SO 2000 . - - : - R . When validated, this protocol has potential to reduce or even replace the rabbit
| = - T T an . . . . . .
(50) (S0 Madified) - NC | 55,17% SDS,s.0. | 55,17% SD5,sal | 55,17% SD5,DPBS | OJOO NC | Z;As”cone,s.o. | 25%HA -silicone, DPBS | 25% HA -silicone, Saline | Skln Irrltatlon teSt for the medlcal deVICeS-
Lactic acid not irritating irritating 0/30 0/30 0/30 0/30 0/30 0/30 2130 0/30 0/30 0/30 Silicone sam Ies - iked with 15% SDS . . o .
Heptanoic acid not irritating itating -1 1 1 1 T 1T 1 T 71 12000 P P Figure 4. Representative results Silicone samples spiked References
| atr ritat . A . e T T
OIS VL e SEls Nl Irlr_|ta;]t|ng,dbut . Irmtating ey LY ED 0150 0/s0 0150 0750 0/30 0130 0130 100,00 +—— I I [ with |25 % of Heptang IfC aéCId d 7H2Ah (VlabI“giSBS/o)S. |$I|ICOHS Casas, J.W.; Lewerenz, G.M.; Rankin, E.A.; Willoughby, J.A. Sr.; Blakeman, L.C.; McKim, J.M. Jr.; and Coleman, K.P. (2013) In
\éigtzg ;nci’r?];ma " oo L ;amp €S VC\;'eIreV\e/;'](j[IraC'te i or 24 aT : Oltjrii N o , =alline an : Vitro Human Skin Irritation Test for Evaluation of Medical Device Extracts. Submitted to Toxicology In Vitro.
: o T ’ . eSame OUIl. e In € Sample extracted Into e Sesame Ol
Polymer Y-4 extract, sesame oil Non Irritating irritating 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 72 h extraction + 4 h exposure _ o ! ) : o .. . :
SC SDS. 19 solution n <aline it Hitating 3 B3 1850 0% 0% gt ot 1012 11 1110 60,00 Hhemactiom18hexposure prodL_Jced significant Cy’[O’[OX_ICIty, the effec_t In both aq_u_eous 5\?'525 r‘lJaFrlld VmV?JggagdmC;ﬁb?;I]\éir.y H.O. (1944). Methods for the study of irritation and toxicity of substances applied topically to
PC, SDS, 1% solutioninsesame oil  Non Iritating, but  irritating 030 030 W30 W30 080 og2g? 100297 12207 12027 12027 0001 = 72 hextraction s 24h exposure solutions was less severe. This can be explained by the affinity of Journal of Pharmacology and Experimental Therapeutics. 82, pp 337-390.
very slighterythema 20,00 1— the HA to the non-polar solvents and limited solubility (and thus
in one test animal T - mm L . extractability) of HA into polar solvents. ISO (2009) ISO/TC 194 10993-1 - Biological evaluation of medical devices -- Part 1. Evaluation and testing within a risk
Saline , vehicle not irritating not irritating 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0/30 0:00 NC | $5,15% SDS.5.0. | $5.15% SDS,sal | 55,15% SDS,DPBS | management process. International Organization for Standardization, Geneva, Switzerland.
SESEIE el Ve.hide TBLUELA ML IS R IS S IS AN IS S R R ISO (2009) ISO/TC 194 10993-5 - Biological evaluation of medical devices -- Part 5: Tests for in vitro cytotoxicity. International
SDS 209 PCinanfET e e e e e e e e ) N Figure 3. Representative results Silicone samples spiked with 15% and 17% of SDS - SS (viabilities %): Silicone samples were Organization for Standardization, Geneva, Switzerland.
In the human patch test, 4% wi/v of Lactic acid and 2 % w/v of heptanoic acid were tested. Rebbits were exposed extracted for 72 hours in DPBS, Saline and Sesame Oil. While in the watery extracting solutions the samples produced significant ISO (2009) ISO/TC 194 10993-10 - Biological evaluation of medical devices -- Part 10: Tests for irritation and skin sensitization.
to 2,5 % v/v of heptanoic acid and 5% lactic acid (v/v). The test were performed according to the 1SO standards. cytotoxicity, in sesame oll the effect was less severe. This can be explained by the affinity of the SDS for the polar solvents and limited International Organization for Standardization, Geneva, Switzerland.

solubility (and thus extractability) of SDS in non-polar solvents. ISO (2009) ISO/TC 194 10993-12 - Biological evaluation of medical devices -- Part 12: Sample preparation and reference

materials. International Organization for Standardization, Geneva, Switzerland.
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