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Figure 1. Chemical structures of DEHP, MEHP and
their surrogate compounds
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Table 1 ~ Drug additives in diluted drugs

Drugs Additives Concentration

Glucose Nothing —
Prograf® Polyoxyethylated hydrogenated castor oil 80 fg/mL
(HCO-60)

Dehydrated ethanol Unknown

Lastet” inj. Polyethylene glycol 400 (PEG-400) 240 pg/mL
Polysorbate 80 (Tween 80) 32 pg/mL
Ethanol Unknown

Citric acid Unknown
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Table 2 Levels of DEHP and MEHP migrated into various drugs from PVC tubing

Sample DEHP concentration (mean + SD, pg/mL)
Company A Company B
Glucose 0.12+0.03 0.13 +0.06
Prograf® 4.60+0.17 4.40+0.10
Florid"“-F 53.99 +3.63 54.64 +2.90
Lastet™ inj. 27.04 +0.62 28.88+1.53
Sample MEHP concentration (mean + SD, pg/mL)
Company A Company B
Glucose 0.56 +0.05 0.20 +0.00
Prograf® 0.39 +0.04 0.12+0.01
Florid®-F ND* ND*
Lastet” inj. ND* ND*

(n = 3), *one-thousandth dilution

—10—



DEHPOOUOUOO 2000000 000DLODOO0OOO
goooooooooooood bDEHPOOOOOO
00D0O00000D00OO00500000000000%
goooooo MEHPOUOOUOOUODODOOOD OOOO
gooddg bEHPOOOOOODOOOODOODOOO
oo oobooooobooo MEHPOUOUOUOOUODOOO
300000000000 00000000®000
00000®0000000 0000 DEHPODODOO
gdbooooboobobooobao
goobodobooooboosobooobooood
000000 Table 1000000000000 OOO
gooooooooobooooboo ooo DEHP O
goobobooooogouobbbooooogdog
(Polyoxyethylated hydrogenated castor oil; HCO-60)
00000o00oo0oU0oooooOooooooo®™®o
DEHPOOOOO HCO-60OODODOODODODDOOOOO-
400 (Polyethylene glycol-400; PEG-400) O OO OO
Oooooooooo®oooooooo®oooon
000000000000 S500000000000%
gooooooooboobooob MEHPOUOOOO
DEHPOOUOUOOODOODOOOD MEHPO DEHP OO
Ooooogdo (ChemsSilicod OO logp 00O ODE
HPO 7.190 MEHPO 3.35) D O0OO0ODOOODOOOOO
gooooooso0ooooooo bEHPOUOOOO
goobooobooobooot MEAHPO DEHPO
gooooooooboooooo
gooobedAPOUOD0OOOCOOO MEHPOOODO
oo0o0oo0oooooOoOoOo®® I 0000000000n
goooooboobooobbooboooboobog
gooooboouoo MEHPOOOODOOOO 5000
oooooo0®00000 00000 MEHPO
goooooooodb Aboobooooooooo
MEHP OO BOUOOOOOO MEHPDODO 30000
godoodooo0ooooobobooog MEAP O PVC
gdboboooboobobobobooboboooboo
gbodoodoooooooob DEAP OO MEHP
gdoooobooboobooobooobooobog
gooo0boooobooooooo pPvCcOoOOooooOnO
00005000000 MEHPOOOO®™® O0OOOO
gooooooobobooooooooo DEHP O
goooooboobooboboobooobooo g
gooodooooboootooooboooooooo
goooboooooo  bEHPOOOOOOOOOOO
OMEHAPOOOODOODODOODOOUOODOOOD OO
goooobobobbooooobobobo pvecooog
goooo MEHPOOUOOD ODUOOOOoOUOobooo
goboboobot obooboooobooboog
DEHP OO MEHPOOUOOODOOOOOOO PvCOO

Proc. Hoshi Univ. No.55, 2013

gbobooboo MEHPOOOOODOOOODOODO
goboboooooobooosgoboooboobooobooong
gooo MEHPODODODD DEHPODODOOOOOO
gbooboooooobuooobobobooooog
U DEHPOOOOOOODOODOOODDOOOODOO
goooboobobooobo MERPOODOODO
gboboooooboobobobo

3. 0000000000 DEHPOODOOODODO

g oo ubo
000000000000 0oO0ooO0oOoOoooo®o0 o0
ooooooobooooobooobbooo pvecd
goooobbobooo beEdPODOOOOOOOOOO
00000000* 000000000 (o) oo
gobodboooboobboobobooboooobo
oot oo uoboo
oot beEAPOOOO0OOOODODDOOOOOOOOO
ggo

gdbobooboooboobooboboboobobooo
oo ooooooooobo
godddobpvCcOUOUOUOUOUOUOD DUOOUUOUOOO
00000000 (Ethylene oxide gas; EOG) 00O
gigbobobobobobobobuobuoouoboo
gooooooopvCcObOODOOOOOO PYCOOOO
gbooDbDEHAPOUOODOODLDOODLDD ODOO PVC
goodooobobooooob MEHPODDDOOOD
gobodbboobuoooboooboo

31. 0000
PVCOOOOODOOOOOOODOOODOOOOOO
0000000000000 PYVCOOOOO0OOOO
00 000000000242kGy (00 0%Co)d OO
000001150 x 4000 EOG OO O500 x 800
0000 00PVCOOOOOOOOOOOODOOO
00000000000000000000000 (0
000000000) 0000000000000000
00000 2-1000000000000 10puL000
00 00000000000000000000000
0000000005000000000000000
00000 HCO-60 (0.02 mg/mL) OO0 OD
00000O000PYVCOOOO1x3000000
000000005SmLO0000000000000
0003700 1000000000000000000
LC-MSMSOOOOOOODPVCOOOOD 100 OO
000000000 0000000000 80 000
0000000 1000000000000000 O
00000000000000 LC-MS/MSOOO0O0O
00



Proc. Hoshi Univ. No.55, 2013

PvCOOOO DEHPOOO MEHPOOOOOOOO
gooopPvCOOSmgUUOOOo0 ODooooogoog
O (Tetraphydrofuran; THF) 5mLOO00O0O0O0OOO0
doooooooooooooo Le-mMms/Msoonoo
ooo

3-2. DEHPOOO MEHPOOOODOOOOOOOO
gbooboooogo

gooooooopvCchObObODDOD DEHPODODO
MEHPOOOOOOOO Fig. 200 000O0O00OOO
Table 30000 Fig. 2000000 0D0O0O0O0OS
goobobobeEdAPODOOCDOOOOODODOD
oodLroQbooonooOon (NDO17.9ng/mL)0D OO
gob HCO-e0U D DUOO DEHPOOD DD OODOO
gbobobooooboobooobooboboboo oo
MEHPOUOOOOD OODOOOODOOODOOOCDODOO
gboboboboooooobooboobobobooobooo
goobobobooooooobooboobobooboo
gbobobobooobooboooboobobobooboo
00000 0000000000 Table 3DOOOOO
gbooooopvCcOOOO0OO0ODEAPOODOOOOOO
goobobobobooboooobooboobonoo MEHP
gboboooooobooobooboboboooooo

gboobooooboobobobooboobogoogo
goobbooobobbooob beEHPOOOOODO
gooob MEHPOUOODODOOOOODOD DEHP OO
MEHP O UOOOOODOOOODOOOOOOOOD OO0
gooooboooobobbbooooooooboooo
MEHPUOUD O0O0OO0OO0DOOO0OO0OOOO0OOOOO0D0 OO
gooobogbo pvcObUOl DEHPODO MEHPDOO
gbobobooooboobooboobobobooo o
gooooooooooobERPOODODOOOOODN
DEHPUOUOODOOOODOOOO MEHPOOODOOOODO
MEHPOUOOOOODOOOODOOOObLDOOOODOO
gooboooobooboooo

800

O Water
B Glucose
100 WHCO-60

O Water
B Glucose
W HCO-60

700

600
500
400
300
200
100

DEHP concentration (ng/mL)
MEHP concentration (ng/mL)

Control ~ Gamma-ray Autoclave ~ EOG Control ~ Gamma-ray Autoclave  EOG

Figure 2. Levels of DEHP and MEHP migrated from
PVC sheet samples
(Mean+ SD (ng/mL); n=3; ND < 10 ng/mL (DEHP))

Table 3 Content of DEHP and MEHP in PVC sheet and tube samples

Control Gamma-ray Autoclave EOG

Sheet  DEHP (w/w %) 32157 278408 268+ 1.6 26.8+0.8
MEHP* (mg/g) ND 038+0.05 ND ND

Tube  DEHP (wW/w %) 44729 539425 — —

MEHP* (mg/g) ND _ _
(mg/g) ND ©023)

(Mean = SD; n=3; *one-hundredth dilution, ND < 0.25 mg/g (MEHP)
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Table 4 Surface constitution of sterilized PVC sheet (atom %)

C Cl [¢] Si Zn
2.0%£0.29
1.740.26
2.2+0.06
2.0%£0.25

Control 71.9+1.22
71.5+0.20
Autoclave 71.3+0.17
EOG 72.0+0.25

14.7+0.40
15.0+£0.12
14.6+0.17
14.6+0.30

11.4£0.56 <0.1
11.8£0.12 -
11.9+0.25 -
11.2£0.29 <0.1

Gamma-ray

The data are means and standard deviations obtained from triplicatemeasurement.
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Figure 3. 3-D surface roughness measurement
KLA-Tencor P-15 contact stylus profiler was used to
measure the surface roughness of a sample PVC sheet.
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Figure 4. Measurement of hardness and elastic
modulus

A) Schematic diagram of measurement principle

B) Typical load versus displacement curve

C) Formula of elastic modulus (E) and hardness (H)
*where B and k are both constants. In the case of using
the berkovich tip, k=24.56 and = 1.034.

Table 5 Elastic modulus (E) and hardness (H) of sterilized PVC sheet

Depth I pm Depth 5 pm Depth 20 pm

E (MPa) H (MPa) E (MPa) H (MPa) E (MPa) H (MPa)
0.8 £0.3 6114 0.78+£0.37 58+ 8 1.1 £02

49 t14 83+26 2.1 £0.53 42+22 0.96+0.4

0.39+0.31 40+ 5 0.19+0.03 39 6 0.52+0.09

0.74+0.31 47+11 0.47+0.34 40=11 0.66+0.1

Control 11024
Gamma-ray 29077
Autoclave 85+18
EOG 10032
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Table 6 Validation of the proposed method

Intra-day (n=3) Inter-day (n=3)
CV (%)  Accuracy (%) CV (%)  Accuracy (%)
20-1000 50 4.00 106.8 8.68 100.6

Range Spiked
Analyte  LOQ*
(r) conc.

3 6000

£ 5000 4| DEHP BHCO-60
4000 05% Glucose

=~ O Water

Concentration (ng/mL)

0 1 5 10 25 50
Absorbed dose of gamma-ray (kGy)

Figure 5. Concentrations of DEHP, MEHP, and PA
that migrated from gamma-ray irradiated PVC sheet

Extraction solvents HCO-60, 50 glucose solution, and
water are represented by dark columns, white columns,
and gray columns, respectively.
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------------- 2. -1-060- o -5-0- T -3-5-4- ot -9-7_-7§ TtoTTT 1- 1-2- oo -9-7-12 ot Table 7 Elastic modulus and hardness
MEHP 2
(0.999) 500 1.62 100.2 1.30 100.6 Control 25 kGy 50 kGy
51000 50 437 99.97 158 98.87 Depth  Elastic s Elastic . dness Elastic o dness
PA 5 modulus MP. modulus MP: modulus MP
0998) 500 172 1003 028 1006 (m) (MPa) (MPa) opa)  (MPR) (MPa) (MPa)
*LOQ: limit of quantification (S/N> 10 : ng/mL) 1 8017  042£0.11 330+£120  29+19 240£140  2.0+23
5 59+£22  037+£022 180£50  43+23 130+£37 2323
10 93+£35 1.1 +045 130£21  3.6+15 120£19 2212
oooooooogoooo oo 50kGy|:| ooooono 20 130£32  2.0+0.56 100+14  25+07 100£19 2106
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Poisson ratio of sample was assumed to be 0.3 when elastic modulus was calculated.
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Figure 6. Chemical structure of TOTM
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DEHP and alternative plasticizer migration from PVC medical device
Rie ITO

Department of Analytical Chemistry, Hoshi University

The risk assessment of di(2-ethylhexyl)phthalate (DEHP) and alternative plasticizer that migrate from polyvinyl chlo-
ride (PVC) medical devices is an important issue for patient. In order to study the migration of DEHP and its break-
down product, a method for the simultaneous determination of DEHP, MEHP, and phthalic acid (PA) was developed. In
the result, the levels of migration of DEHP from gamma-ray sterilized PVC or UV irradiated PVC were low compared
with those of the unsterilized/non-irradiated control. By contrast, the levels of MEHP migration were high. In the case
of gamma-ray irradiated PVC, not only MEHP but also PA was found to be the breakdown product of DEHP. The Min-
istry of Health, Labour and Welfare of Japan has recommended that alternatives be used to reduce DEHP exposure, es-
pecially for high-risk patients. Tris(2-ethylhexyl)trimellitate (TOTM), a trimellitate ester, is commonly used as an alter-
native plasticizer for medical devices in Japan. Therefore, TOTM migration was studied. Similarly to the DEHP
migration, the levels of migration of TOTM from gamma-ray sterilized PVC or UV irradiated PVC were low compared
with those of the unsterilized/non-irradiated control. In addition, the breakdown product of TOTM migrated from PVC
medical device was not almost observed in the chromatogram. The results demonstrate that TOTM is a superior alterna-
tive to DEHP for use in medical devices because of its lower leachability.
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