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Characterization of Alternative Plasticizers in Poly(vinyl
chloride) Sheets for Blood Containers

Yuji Haishima,' Tsuyoshi Kawakami,? Chie Fukui,! Akito Tanoue,® Toshiyasu Yuba,* Satoru Ozono,’
Hidehumi Kumada,® Kaoru Inoue,® Tomomi Morikawa,® Miwa Takahashi,® Ayano Fujisawa,’
Kayo Yamasaki,® Yusuke Nomura,! Kazuo Isama,? Ung-il Chung,” Kumiko Ogawa,® Shingo Niimi,!

Midori Yoshida®

"Division of Medical Devices, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo

158-8501, Japan

2Division of Environmental Chemistry, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku,

Tokyo, 158-8501, Japan

Department of Pharmacology, National Center for Child Health and Development, 2-10-1 Okura,

Setagaya-ku, Tokyo 157-8535, Japan

4Corporate Research and Development Division, Kawasumi Laboratories, Inc., Shinagawa Intercity Tower B,
9th Floor 2-15-2, Konan, Minato-ku, Tokyo 108-6109, Japan

°Department of Dental Education, Kanagawa Dental University, 82 Inacka-cho, Yokosuka, Kanagawa

238-8580, Japan

®Division of Pathology, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo

158-8501, Japan

"Department of Bioengineering, The University of Tokyo Graduate Schools of Engineering and Medicine, 7-3-

1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

8Research Department, Public Welfare Institute of Scientific Research Foundation, 3-8-14 Nukuikitamachi,

Koganei, Tokyo 184-0015, Japan

This study aimed to optimize the ratio of dioctyl 4-
cyclohexene-1,2-dicarboxylate (DOTH) and di-isononyl-
cyclohexane-1,2-dicarboxylate (DINCH®) for use as
plasticizers in poly(vinyl chloride) (PVC) sheets. We
also evaluated the biological safety of DOTH for its
potential to be part of a safe PVC-based blood con-
tainer. The suppression of hemolysis in (mannitol-ade-
nine-phosphate)/(red cell concentrates) with DOTH/
(DINCH®-PVC) sheets and the elution of plasticizers
from the sheets increased with higher DOTH composi-
tions. The properties of the PVC sheet containing
DOTH and DINCH® in the ratio of 25:33 parts against
PVC 100 parts as a weight were almost identical to the
PVC sheet made of di(2-ethylhexyl) phthalate. From a

Correspondence to: Yuji Haishima; e-mail: haishima@nihs.go.jp

This study was supported by the Health and Labor Sciences Research
Grants (H25-CHIKYUKIBO-SHITEI-008 and H26-SOUYAKU-IPPAN-
008) from the Japanese Ministry of Health, Labor, and Welfare.

DOI 10.1002/vnl.21472

Published online in Wiley Online Library (wileyonlinelibrary.com).

© 2015 Society of Plastics Engineers

JOURNAL OF VINYL & ADDITIVE TECHNOLOGY—2015

subchronic toxicity test, DOTH did not show any adverse
effects on all organs, including the testes, epididymis, liver,
and kidneys. The no-observed-adverse-effect level was
300 mg/(kg body weight)/day in a rat. These results suggest
that DOTH/DINCH® (25:33) is a promising candidate for the
replacement of di(2-ethylhexyl) phthalate in blood containers.
J. VINYL ADDIT. TECHNOL., 00:000-000, 2015. © 2015 Society
of Plastics Engineers

INTRODUCTION

Di(2-ethylhexyl) phthalate (DEHP), a typical plasti-
cizer for increasing the flexibility of poly(vinyl chloride)
(PVC), is easily eluted from PVC products into food,
pharmaceuticals, and any body fluids that come into con-
tact with the plastic, thereby resulting in the transfer of
DEHP directly and/or indirectly into the human body [1,
2]. Some phthalates, including DEHP, are considered
toxic because they exhibit effects in young rodents that
are similar to the antiandrogenic effects of endocrine
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disruptors in male rats, wherein alterations in the develop-
ment of the male reproductive system, especially in sper-
matogenesis, are observed [3-5]. Although the in vivo
reproductive and developmental toxicity of DEHP in the
human body are not yet well understood, recent in vitro
toxicological studies using human cells have reported that
mono(2-ethylhexyl) phthalate, an active metabolite of
DEHP [6-9], causes adverse effects, such as the reduction
of germ cells by increasing apoptosis without altering
their proliferation [10-12]. Therefore, precautions should
be taken to limit human exposure to DEHP and mono(2-
ethylhexyl) phthalate, particularly for high-risk patients,
such as male neonates, male fetuses, and peripubertal
male individuals.

Several agencies and official organizations worldwide
have individually evaluated the safety of DEHP released
from PVC products. Recently, regulation of the use of
DEHP has been tightened worldwide, particularly in
Europe, not only for toys, childcare products, food appa-
ratus, containers, and packages but also for medical devi-
ces. In many countries, including the USA, Canada, and
Japan, the use of alternative plasticizers to develop safer
PVC products and a switch to other plastic products has
been recommended for the medical treatment of high-risk
patients. However, the use of PVC blood bags containing
DEHP has been permitted in Japan without any reoulauon:

other than storage at low lemper'xtures because DEHP has
been found to be effective in preservmo %tmed red blood;~-

cells (RBCs) [13].

We recently reported [14] that the presence of two
carboxy-ester groups at the ortho posmon on a six-
membered ring of carbon g
plasticizer to exhibit a h
(mannitol-adenine-phosp
(MAP/RCC), and the degree of preventlon closely reldtes
to the amount of plasticizer eluted from heat-pressed
PVC sheet. Based on these results, we concluded that
dioctyl 4-cyclohexene-1,2-dicarboxylate (DOTH) and di-
isononyl-cyclohexane-1,2-dicarboxylate (DINCH®, BASF
SE, Germany) are possible candidates to replace DEHP in
RBC storage bags because of their ability to inhibit
hemolysis. The amount of DOTH eluted from the PVC
sheet is relatively higher than that of DEHP [14], but the
total exposure of plasticizer to the patient during medical
treatments should be reduced as much as possible. There
is a possibility that the amount of plasticizers eluted from
heat-pressed PVC sheets may be different from that of T-
die molded PVC sheets used to manufacture commercial
PVC products, because PVC molecules take on a different
orientation and density in the sheet types. In the present
study, to develop a novel and safer blood container, we
optimized the minimum mixing ratio of DOTH to T-die
molded PVC sheet and the precise dose of DINCH® that
maintains low leachability [14-16] compared with DEHP.

The plasticizer for the blood container must be safe for
humans. Recently, Hirata-Koizumi et al. reviewed the
toxicity of alternative plasticizers and showed that
DINCH® had minimal toxicity [17]. On the other hand,
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DOTH’s overall toxicity is not well known. Hence, we
also evaluated the biological safety of DOTH using a sub-
chronic toxicity test in a rat to confirm the Japanese
reports [18-20] on several toxicity tests conducted by
BOZO Research Center Co., Ltd. (Shizuoka, Japan) com-
missioned by the Japanese Ministry of Health, Labor, and
Welfare.

MATERIALS AND METHODS

Materials

DOTH, trioctyl trimellitate (TOTM), and epoxidized
soybean oil were purchased from Tokyo Chemical Indus-
try Co., Ltd. (Tokyo, Japan). DINCH® was provided by
BASF (Ludwigshafen, Germany). DEHP, DEHP-d,,
diethyl ether of pesticide residue, PCB analysis grade,
and phthalate-analytical-grade hexane were purchased
from Kanto Chemical Co. (Tokyo, Japan). Sodium chlo-
ride from pesticide residue, PCB analysis grade,
phthalate-analytical-grade  anhydrous sodium  sulfate
(Wako Pure Chemical Industries, Ltd., Tokyo, Japan),
and ultrapure water obtained by using Milli-Q Synthesis
Al10 (Millipore, Tokyo, Japan) were used to prepare the
sample for (gas chromatography)/(tandem mass spectros-
copy) ([GC-MS]/MS) analysis. Other chemicals were pur-
chased : from W’lkO Pure Chemical Industries. All the
tools, which were made of glass, metal, or Teflon®, were
_heated at.250°C for more than 16 h prior to use.

Pregé

on of RCCs

| obtained from a volunteer
at our own labo ‘he procedure was performed in
accordance with the etlucal guidelines of the National
Institute of Health Sciences (approval number 188). The
blood was immediately mixed at 4°C with citrate-
phosphate-dextrose solution (28 mL) consisting of sodium
citrate hydrate (26.3 g/L), citric acid hydrate (3.27 g/L),
glucose (23.2 g/L), and sodium dihydrogen phosphate
(2.51 g/L). The blood was divided into two equal vol-
umes followed by centrifugation at 3,000g for 10 min at
4°C and the removal of the upper layer. MAP solution
(23 mL), consisting of p-mannitol (14.57 g/L), adenine
(0.14 g/L), sodium dihydrogen phosphate (0.94 g/L),
sodium citrate hydrate (1.5 g/L), citric acid hydrate
(0.2 g/L), glucose (7.21 g/L), and sodium chloride
(4.97 g/L), or saline-adenine-glucose-mannitol (SAGM)
solution (23 mL), consisting of sodium chloride (8.77 g/
L), adenine (0.17 g/L), glucose (9.0 g/L), and p-mannitol
(5.25 g/L), was added to the remaining RCC layer to pre-
pare MAP or SAGM/RCC (Htc. 59%). The solution was
stored at 4°C until use.

Preparation of PVC Sheets

T-die molded PVC sheets (thickness = 0.4 mm) con-
taining DEHP 55 parts and epoxidized soybean oil 8 parts

DOI 10.1002/vni
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against PVC 100 parts as a weight ratio and other additives
were mixed according to the standard recipe of Kawasumi
Laboratories, Inc. (Tokyo, Japan). T-die molded PVC
sheets were also prepared with TOTM 85 parts, DOTH 55
parts, DINCH® 60.5 parts, or DOTH/DINCH® mixtures
(10:49.5, 25:33, and 40:16.5 parts) instead of DEHP. Each
sheet was cut into small pieces (3.2 cm X 1 cm).

Hemolysis Test

The hemolysis test was performed according to the
method previously reported [14]. Each PVC sheet (3.2 cm
X 1 cm, thickness = 0.4 mm) containing different kinds of
plasticizers was placed into a screw-capped glass bottle, and

5 mL of freshly prepared MAP or SAGM/RCC was added -

to the bottle. During incubation at 4°C for 49 days, an ali-
quot (50 pL) of the blood sample was collected into Eppen-
dorf tubes every week. Phosphate-buffered saline (PBS;
1 mL) was added to each sample and gently mixed, fol-
lowed by centrifugation at 500g for 2 min at 4°C; then the
absorbance of the supernatant (100 pL) was measured at
415 nm with a SH-9000 Lab microplate reader (Corona
Electric Co. Ltd., Ibaraki, Japan). MAP or SAGM/RCC was
also tested under the same conditions as the negative con-
trol whereas the positive control was plepared by addlng

was calculated in accordance with the followmg formula:

% Hemolysis=(Ar —AN) /(Ap—Ayn) %100

negative control mean ab
positive control mean absorbance.

Elution Test for the Plasticizer

The quantity of plasticizer in each PVC sheet soaked with
the blood samples was measured according to the methods
previously reported [14, 21-25]. Briefly, an aliquot (50 pL)
of the MAP/RCC sample for the hemolysis test was col-
lected into a screw-capped glass tube every week, and
sodium chloride (1 mL, 1 w/v%), DEHP-d; (0.1 pg), and
hexane (1 mL) were added. After shaking vigorously for 15
min and centrifuging at 3,000 rpm for 10 min at room tem-
perature, the organic phase was collected and dehydrated
with anhydrous sodium sulfate. Subsequently, the sample
was analyzed by (GC-MS)/MS, which included an analysis
of precision based on the same conditions described in a pre-
vious report [14]. This test was repeated in triplicate, each
with a hemolysis test performed simultaneously. The signifi-
cant difference was calculated by two-way ANOVA.

Animal Treatment

A repeated-dose 90-day oral toxicity study similar to
the principles of OECD 408 [3] was performed on male

DOI 10.1002/vni
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rats. The procedure was performed in accordance with the
animal experiment guidelines of the National Institute of
Health Sciences (approval number 434).

Sprague-Dawley rats were purchased at age of 4 weeks
(body weight; 90-110 g) from CLEA Japan, Inc. (Tokyo,
Japan). The animals were maintained under controlled
light and temperature conditions. The rats also were given
free access to food and water. Their food was a custom-
ized vehicle for DOTH intake; DOTH was mixed with
corn oil to obtain final concentrations of O (control), 5,
50, 500, and 5,000 pg/g corresponding to the target dose
levels of 0 and approximately 0.3, 3, 30, and 300 mg/(kg
body weight)/day, and the mixture was kneaded at a con-
centration of 4% and shaped into CE-2 chow (CLEA
Japan Inc.). The highest dietary concentration was
decided according to the protocol of the repeated-dose
toxicity and reproduction/development toxicity tests of
DOTH conducted by BOZO Research Center [18]. After
a weeklong habituation period, 40 rats were divided into
five groups of eight animals with two animals housed in
each cage. For the next 13 weeks, the rats were fed the
basal diet containing various concentrations of DOTH.
Food consumption and body weight were determined
weekly.

At the termination of the study, the animals were anes-

thetized with an_inhalation of isoflurane, exsanguinated,
¢ ‘apltauon A portion of the blood
mediately collected into a BD Vacu-
Blood Collection Tube (Japan Becton and Dick-
Tokyo, Japan), and a serum sample was
prepared according the manufa furer’s protocol.
s was weighed, cut into
and fixed by adding 37%
neutral-buffered formalin®(0.5 'mL). The nuclei of the
sperm were stained with Hoechst 33258 under standard
conditions, and counting was performed by using a BIO-
REVO BZ-9000 fluorescence microscope (KEYENCE
Co., Osaka, Japan) and software. The significant differ-
ence was calculated by two-way ANOVA.,

After complete necropsy, the testes and eyes were
fixed in Bouin or Davidson solution. The brain, thymus,
heart, spleen, liver, adrenal glands, kidneys, epididymis,
thyroid glands, trachea, gullet, thoracic aorta, mediastinal
lymph node, lungs, pancreas, stomach, small intestine,
mesenteric lymph node, femoral muscle, sciatic nerve,
sternum, thoracic vertebrae, seminal vesicle, colon, rec-
tum, skull with pituitary, trigeminal nerve, and tongue,
salivary gland with cervical lymph node, skin with mam-
mary gland, prostate and congealing gland with urinary
bladder, and bulbourethral gland were fixed in 10%
neutral-buffered formalin. The testes, brain, thymus, heart,
spleen, liver, adrenal glands, kidneys, epididymis, and
prostate were weighed before the fixation. The significant
difference was calculated by using a Dunnett’s test or
Dunnett-type rank-sum test. The fixed tissues were proc-
essed routinely and embedded in paraffin. The paraffin
blocks were sectioned and stained with hematoxylin and
eosin for microscopic examination.

JOURNAL OF VINYL & ADDITIVE TECHNOLOGY—2015 3

ID: nareshrao Time: 04:57 | Path: N:/3b2/VNL#/Vol00000/150017/APPFile/JW-VNL#150017

— 109 —



J_ID: VNL Customer A_ID: VNL.21472 Cadmus Art: VNL21472 Ed. Ref. No.: 14-075.R1 Date: 14-March-15 Stage:  Page: 4

B i
e b b e h’
m = = = .«*l-‘rz
" 2
=
g & “% 5 4
) =) el = ] -z
4 RTINS 2
g| & 25 % s
= [a)] a8 2z 32
=1 — od 3
8 2 2H no0W O TE
T ]
[a] d 5oz =
& &
Bl s =2 = 5 5§
a 4
“
E=) + oo o %
'§ <y % 2z & ¥
= - 9 % T wuw
— o -+ =
21 3| & F 44 8 & ==
sl = (&) g2 = &
= 4 - (] o e —_
) 3 2R H o0 H
= [ R
Nl [a) S el -t =3
w - o 0
S =
el =
= =R . =
o m = f--} = = 1
<t (o) E
‘5 o~
i oo = o
@ jun} "ne o8 &
Y| 2| © 9z g 2
= bR
O ] 2 Ha B0 2E
g} =f E b ] ] =
= 1 [m] a2 = -«
9] 28 5 8
< Ele =3 1 7 %
= Q1 5 fz o &« &°F
A S 4 % 7
o
- & 2
o m -] & & & £ 4
= ) wy
‘:‘5’ ES
=} , o
2| 4 B 2z
1 ) |®) - oo =4
g o = 2 0# ]
s 9 ) g3 i
2 &~ [ Lo +
=1 o E b
@ o) g % 3 2
— < — o
g | 28 § 3§ Iz
A Ja} q4 8 = o
- - Ll . o
.53
=2
S &
= jas]
v [a)
2
5
S
=} ° 2?2 @WW o #H O BE
5] s owm 9
= -t ~N < ©2 [
&= « o I e -
9 . —
£ s q 2 3 A
F‘ - 'DC o < '\‘G
=2
) g 24 o8 I HE
5 ] -
QNJ % & + ©
s
.2 =
Z & z
& 5 =x = 0k 3
- 53] =)
- >
5 - R
w — -t {a)
gl 2| B 58 3 &
3| © | g fd #n # BE
£ =™ = 2% 8 8
gl 2| a i 3 %
— o o bt o
2 gl 2y § I I
N 4 i >
= A I x ¢ g
& & 5
E ) b4 ] 3 Hg
a g
2 8 gz & =
— (=1 <
S|z ®ogd o4 o4 ®E
[ S] in =]
™~ [ PR A
< < < o« w
o|® =i o § fe
vy (g H 3
A 4+ «w & 8
3 228 8 5.
ER 8QEQE 270 ~
1 E 038888 LCyg
US| teB5EsEsrsE
> S| FEEEEESEREE
A C AA A A AnQ

4 JOURNAL OF VINYL & ADDITIVE TECHNOLOGY--2015

ID: nareshrao Time: 04:57 |

Serum levels of 17f-estradiol (E2), testosterone (TS),
follicle-stimulating  hormone  (FSH), and thyroid-
stimulating hormone (TSH) were measured with ELISA
kits provided by Enzo Life Sciences Inc. (Farmingdale,
NY) for E2 and Endocrine Technologies (Newark, CA)
for others. The significant difference was calculated by
two-way ANOVA.

RESULTS AND DISCUSSION

Plasticizer Elution Test

The elution test of -the plasticizers from the T-die
molded PVC sheets was performed to determine the mix-
ing ratio of DOTH and DINCH® from the point of the
exposure amount to patient. All plasticizers, except for
TOTM, with low leachability and no effect on hemolysis
suppression [14], were quantified by (GC-MS)/MS analy-
sis by using DEHP-d, as the internal standard.

As shown in Table 1, the amounts of DEHP, DINCH®,
and DOTH released from the T-die molded PVC sheets
increased in a time-dependent manner and reached
50.5+3.54, 25.6 = 1.32, and 114 = 0.98 pg/mL, respec-
tively, after a 49-day incubation in MAP/RCC. These elu-
tion patterns were similar to those of the heat-pressed
PVC sheets, previously, reported [14]. Similarly, the total
[ d DINCH® eluted from DOTH/
s also increased with higher DOTH
01 The:total elulxon amounts of the plasticizers from
DOTH/DINCH® (10:49.5) and DOTH/DINCH® (40:16.5)
PVC Sheets were lower and hlghei respectively, than the
- DEHP-PVC sheet at all
hand, the total amount of
the: DOTH/DINCH® (25:33)
PVC sheet was similar to that of DEHP-PVC sheet.

As shown in Table 2, the DOTH/DINCH® elution ratio
decreased in a time-dependent manner during the test
period, and the trend was similar to the elution test per-
formed with the heat-pressed PVC sheet [14]. Hence, the
data indicate that the plasticizers were leaching out at dif-
ferent rates. Specifically, the elution of DOTH into MAP/
RCC slowed over time, whereas DINCH® steadily
released during the incubation period.

Taken together, the data suggest that the DOTH/
DINCH® (40:16.5) PVC sheet is not a useful material for
a blood container because patients will be exposed to a
larger amount of plasticizer compared with the traditional
RBC storage bag consisting of a DEHP-PVC sheet.

Hemolysis Suppression Effect of Each PVC Sheet

The hemolysis suppression effect of the PVC sheets
containing alternative plasticizers was estimated and com-
pared with those of DEHP-PVC and TOTM-PVC sheets
used as the positive and negative control, respectively.

As shown in Fig. 1, the hemolytic ratio of MAP/RCC
in the absence of the PVC sheets increased in a time-
dependent manner, reaching 4.9% after 49 days of

“nd, not detected, btr, trace amount less than LOQ
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TABLE 2. Mean ratio of DOTH and DINCH® eluted from the PVC sheet into MAP/RCC (DOTH/DINCH® ).

Incubation time

PVC sheet (parts) 7 days 13 days 21 days 29 days 34 days 42 days 49 days
DOTH/DINCH® (10:49.5) 1.38 1.27 1.04 0.89 0.77 0.71 0.62
DOTH/DINCH® (25:33) 5.73 523 422 3.52 3.39 2.87 2.65
DOTH/DINCH® (40:16.5) 20.4 19.2 16.3 12.8 124 1.1 104

-
w |
— +

= S o !

) DINCH £ 41 Control

g DOTHDINCH = 101495 g . P 10T

5 4 o é?‘crag!%éfssz = a4 DINCH

= i =l s DOTH/DINCH = 25/33

| S s )
& 0 DEHP
=0

7 14 21 28 35 42 49
day

FIG. 1. Hemolytic behavior of MAP/RCC in the presence of T-die FIG. 2. Hemolytic behavior of SAGM/RCC in the presence of T-die
molded PVC sheets containing different plasticizers. Based on the hemo- molded PVC sheets containing different plasticizers. Based on the hemo-
Iytic ratio, three distinct groups were observed: Group 1: the control and lytic ratio, three distinct groups were observed: Group 1: the control and
TOTM-PVC; Group 2: DINCH®- and DOTH/DINCH® (10/49.5) PVC TOTM-PVC; Group 2: DINCH®-PVC sheet; and Group 3: DEHP- and

DOTH/DINCH® (25/33) PVC sheets. Significant difference (*p < 0.01)
Group~1 and Group 2. Significant difference
setween Group 2 and Group 3, but within
an be viewed in the online issue, which is

and DOTH/DINCH®

gtrezegg/e th:etl’l{; O:I::f; b @ rison with those of con-
.6% i '

® ) N o ~7 % trol '(no sheet) and"TOTM-PVC sheet (p < 0.01), but the

and DOTH/D INCH, (40:16.5) I_)VC sk‘xeets exhibited t}}e degree of suppression from both sheets was slightly

hemolysis suppression effect, in which the hemolytic weaker than that of the DOTH/DINCH® (25:33), DOTH/

ratios were 1.4% and 1.3%, respectively. These ratios DINCH® (40:1 DOTH-P d DEHP-PVC sheet
were almost identical to those of DOTH-PVC and @ <% 05)( 0:16.5), DO VC, and DEHP-PVC sheets

DEHP-PVC sheets. The suppression effect was also

TABLE 3. Final body and absolute organ weights of SD rats treated with DOTH for 13 weeks.

Group treated with DOTH (mg/[kg body weight]/day)

Control 0.3 3 30 300

No. of animals examined 8 8 8 8 8

BW (g) 622.6 = 63.0° 629.6 = 57.1 61731429 . 630.4 = 48.9 598.0 +42.5
Brain (g) 2.22 +0.11 2.15 +0.07 2,18 £0.08 2.17 £0.05 2.18 = 0.09
Thymus (g) 0.38 £ 0.06 0.38 £0.07 0.39 £ 0.08 0.34 £0.09 0.36 = 0.06
Heart (g) 1.79 = 0.23 1.73x£0.11 1.74£0.18 1.80 +0.14 1.76 £ 0.17
Spleen (g) 0.92 +0.16 0.94 £0.09 0.89 £ 0.10 0.88 +0.13 0.99 +0.11
Liver (g) 17.58 £2.29 17.10 £2.28 17.53 = 2.08 17.72 £2.08 18.17 +2.05
Adrenals (g) 0.065 = 0.009 0.058 + 0.008 0.059 = 0.004 0.056 = 0.008 0.070 = 0.008
Kidneys (g) 3.93:043 3.92+0.37 4.13£0.40 4.09 £ 0.25 4.00 £0.23
Testes (g) 371 +£0.40 374 £0.26 3.88+0.24 3.92+0.34 3.90+0.26
Epididymides (g) 1.37 £0.20 129 +0.13 1.26 +0.10° 1.30 =0.08 1.30+0.12
Prostate, ventral (g) 0.69 +0.12 0.62+0.17 0.60+0.14 0.62 +0.16 0.60 +0.10

“Mean = SD.

®One animal was excluded due to lack of the head of unilateral epididymis at the sampling.
Group treated with DOTH (mg/[kg body weight]/day)
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TABLE 4. Relative organ weights of SD rats treated with DOTH for 13 weeks.

Group treated with DOTH (mg/{kg body weight]/day)

Control 0.3 3 30 300

No. of animals examined 8 8 8 8 8
Brain (g/100 g BW) 0.36 = 0.03* 0.34+0.03 0.36 £ 0.03 0.35 % 0.03 0.37 £0.03
Thymus (2/100 g BW) 0.06 = 0.01 0.06 = 0.01 0.06 = 0.02 0.06 = 0.01 0.06 = 0.01
Heart (g/100 g BW) 0.29 +0.03 0.28 £0.03 0.28 = 0.02 0.29 +0.02 0.30£0.03
Spleen (/100 g BW) 0.15:+0.02 0.15:+0.01 0.14 £0.02 0.14 %= 0.02 + 012
Liver (g/100 g BW) 2.83 4024 271 =015 2.84 +0.27 2.81%£0.19 3.04 +0.30
Adrenals (mg/100 g BW) 105+ 1.5 93:+12 9.6 0.6 9.0+ 1.7 117413
Kidneys (g/100 g BW) 0.63 £0.04 0.63 £0.05 0.05 0.65 = 0.04 0.67 £ 0.06
Testes (g/100 g BW) 0.60 % 0.06 0.60 == 0.07 0.63 = 0.04 0.63 = 0.08 0.65 % 0.05
Epididymides (g/100 g BW) 0.22£0.04 0.21 % 0.03 0.20 £ 0.02° 0.21 £0.02 0.22 £ 0.02
Prostate, ventral (g/100 g BW) 0.11+0.02 0.10£0.03 0.10 = 0.02 0.10%0.03 0.10 = 0.02

“Mean = SD.
One animal was excluded due to lack of the head of unilateral epididymis at the sampling.

These results suggest that the DOTH/DINCH® (25:33)  tion of plasticizer comparable to the DEHP-PVC sheet.
PVC sheet is the most suitable material for a novel blood Although the DOTH-PVC and DOTH/DINCH® (40:16.5)
container based on the reduction of hemolysis and an elu-  PVC sheets exhibited adequate prevention of hemolysis,

e

FIG. 3. Histopathological observation of the testes in the subchronic toxicity test in rats administered with DOTH. (a) Control (base diet) and (b)
DOTH (300 mg/[kg body weight]/day). I-X VI, the stages of sperm cell formation cycle; G, spermatogonia; ES, early spermatocytes; LS, late sperma-
tocytes (pachytene stage); RT, round spermatids; ET, elongate spermatids; S, sertoli cells; L, Leydig cells; red circle, late spermatocyte apoptosis;
green circle, degenerated and atrophied testicular vessel in ordinary state. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.] '
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