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Table 1. Test substances
. L. Product name . .
Nanomaterials Abbreviations M anufacturer Lot no. Size of nanomaterials®
/ Code number
Carbon black CB Printex® 90 Orion Engincered 1135101 Primary particle size: 14 nm
Carbons
Fullerene FL C60, #600-9969  SES Research, Inc. HT-5023 Particle size: 55nm [Gregory et al.'"]
Titanium(IV) oxide, anatase TA 637254 Sigma-Aldrich Corp. #MKBK2771V  Particle size <25 nm, spec. surface area 45-55 m’/g
o . . . . D xL: ~ 10nmx40 nm, Particle size<100nm
Titanium(IV) oxide, rutile TR 637262 Sigma-Aldrich Corp. #BCBJ9101V )
Spec. surface area 50 m“/g
Carbon nanofibers CN 719781 Sigma-Aldrich Corp. #MKBC8965V D x L: 100nm x 20-200pm, Average diameter: 130 nm,
Multi-walled carbon nanotube MW MWNT-7 Mitsui & Co, Ltd. 060125-01k D x L: 70-100nm(82%) x 1-4um(73%) [Sakamoto et al."]
a: Company product information, D: Diameter, L: Length.
2. 5B I OERFE 3. #FEt

EHET ) WEOBEIRIE, 5 EANCEE Gk
IR, CM-1000%Y) T10~3034LEE L, ImLT 4 AKR—
PINLY oy (TAER) THRENES L2, CN&
MWI130.2, 1, 5 mg/kgf&H/[B], filid1, 5 mg/kgdSHH/[=10 M &
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- ERIRGINTIC L 0 BOE S, ARRERE R & TS
R L. BEROBE EE (ERORBIZE THREDTZO
PR<) ITWRA By MY UK, Z OOl 10% FPERE
AL~ U AR THEER, FIECED T 7 0 L,
MO, ~~ FRT Y v AV RE L, ERRERIRER
ZHFPEMET T CITo 7. BRI OWCITE 472 0 281k
DHHNTAEMER (—~++) THEL, FBEEEIZOW
TIEEDOMEIZLY T 7%, —: B, +: Bk
W T OB, +: MiEETEE, + 0 EROEMIZEY
VM LTZ (Table 4). #T/3T A —F OB IFEER e
W, FERER BRI A SR A A O, E%, Rt
LR (A2 A w7 A0, CDA-500) THT4k « KiE/5Am
(RN FHlZ, R TFrrE s B Sperm Quality
Analyzer (Medical Electronic Systems Ltd, Israel, SQA II-C)
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Fig. 1. Survival curves in dead groups of male mice
administered with six types of nanomaterials once per week for

10 weeks.
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[IMW-0.2, MW-1T, AR (&) TIZCN-0.2, MW- GBSz, R REWEIIRERY v Eio~w s T
02CThH 7. 7 —PHICHRBO SN (BUTIEFR LTV,
Table 2. Organ Weights

Treatment 0 Final Testes Epididy mes Seminal vesicles + Coagulating gl.Y ~ Prostate gl.(Ventral lobe)
bozl}%/l;i of males body wt". Absolute®  Relative® Absolute Relative Absolute Relative Absolute Relative
CONT 5 448 +£3.2° 224+42 483+ 92 90.4+9.5 202+13 243 £ 51 538+ 79 200£34 446+79
CB-1 5 43.8+53 250+ 34 580+ 107 101 £9.4 232+27 252 £ 41 580 + 100 202+£3.0 46.5+7.9
CB-5 5 453+3.0 237415 526+ 63 93.4+89 208+31 237+ 52 525+ 111 19.3+£50 423+83
FL-1 5 434+£25  231+55 533128  90.8+79 210£25 241+ 53 560 = 149 19.6+3.5 453+9.6
FL-5 5 444+19 225+22 508 £ 62 932+2.6 211+£13 240 + 40 540 + 85 226+7.1 505+14
TA-1 5 42.1+£3.6 249 £+ 12 595+ 67 94.1+4.1 229+13 213 £ 40 531+139 193+5.1 473+11
TA-5 5 44.7+£3.0 201+74 470+ 194 925+ 11 214 £ 36 247 £ 59 569 £+ 141 209+12  404=+17
TR-1 5 448+22 234+ 19 523+ 49 93.1£6.8 208+ 15 248 £ 78 553 +163 204+50 46.0+13
TR-5 5 434+£20 228 +£28 527+ 78 93.9+13 217 +35 212 +£43 490+ 111 224+42 519+12
CN-0.2 5 42.1+3.7 219+ 36 522+ 95 959+64 231+19* 219+ 82 515+ 176 157+29 372+45
CN-1 0 - - - - - - - - -
CN-5 1 37.5 131 351 85.6 228 300 802 15.4 41.1
MW-0.2 5 423+1.9 277+45 652+ 91* 108 £9.1* 256+ 17* 191 + 44 448 + 88 16.5+19 389+3.7
MW-1 5 39.7+1.3* 237+25 597+ 70 98.7+8.7 249+ 25% 192 £ 49 482 + 120 20.5+£32 515+£72
MW-5 1 321 173 539 63.8 199 64 200 4.0 12.5

a: g, b: mg, c: mg/'100g body wt, d: These organs were trimmed and weighed after formalin fixation.

e: Values are mean + SD. *: Significantly different from control (p <0.05).
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Table 3. Sperm parameter and morphology

Treatment Number ' (?auda. ' Epididymal sperm count Sperm motility Morphology®
- mg/kg epididymidis (SMI/sperm count/mL)
body wt of males wt* Per cauda (x107)  Per gram cauda (x10°) (x107) - + + 4+
CONT 5 13.8 4 1.9° 1.64 + 0.38 1.18 + 0.21 424 +0.94 5 0 0 0
CB-1 5 144+24 1.66 +0.21 1.17+0.21 3.90 + 0.80 5 0 0 0
CB-5 5 139+ 1.8 1.58 + 0.25 1.13+ 0.05 3.82+0.41 5 0 0 0
FL-1 5 13.5+£22 1.62+ 0.45 1.21+0.31 3.99 + 0.42 5 0 0 0
FL-5 5 156+1.2 1.71+0.31 1.10£0.21 3.94 + 0.43 5 0 0 0
TA-1 5 142+24 1.58 +0.39 1.11+0.16 3.55+0.89 3 2 0 0
TA-5 5 151+2.7 1.37+0.36 0.92+0.24 3.05+ 1.79 2 2 0 1
TR-1 5 12.7+22 1.49+0.26 1.19+0.15 427+ 0.64 4 1 0 0
TR-5 5 14.1+34 1.73 + 0.50 1.22+0.17 3.36 + 0.93 5 0 0 0
CN-0.2 5 162+22 1.55+0.26 0.97 £ 0.21 3.89 £ 0.66 4 1 0 0
CN-1 0 - - - - - - - -
CN-5 1 14.4 0.95 0.66 3.14 0 1 0 0
MW-0.2 5 17.0+£2.6 1.74 £ 0.33 1.03+0.14 3.34+0.86 4 1 0 0
MW-1 5 151+23 1.36 £ 0.26 0.90 + 0.13 3.04+1.14 3 1 1 0
MW-5 1 9.0 0.75 0.84 1.03 0 0 1 0
The spermatozoa from left epididymis were collected by same methods described in our previous report'.
a: mg, b: -: No change, +: Very slight, +: Slight, ++: M odarate.
¢: Values are mean + SD.
Table 4. Histological changes
Treatment Number Testes® Epididymes®
- mgkg body
wt of males _ 4 + T+ _ + + ++
CONT 5 5¢ 0 0 0 5 0 0 0
CB-1 5 5 0 0 0 5 0 0 0
CB-5 5 5 0 0 0 5 0 0 0
FL-1 5 5 0 0 0 4 1 0 0
FL-5 5 5 0 0 0 4 1 0 0
TR-1 5 5 0 0 0 5 0 0 0
TR-5 5 5 0 0 0 5 0 0 0
TA-1 5 4 1 0 0 4 1 0 0
TA-5 5 2 1 0 2 2 1 2 0
CN-0.2 5 3 1 1 0 3 2 0 0
CN-1 0 - - - - - - - -
CN-5 1 0 0 1 0 0 0 0 1
MW-0.2 5 3 2 0 0 4 1 0 0
MW-1 5 2 2 1 0 3 2 0 0
M W-5 1 0 0 0 0 0 0 0 1

a: The number of seminiferous tubules degenerated per section was scored.
—0-2,£:3-5,+:6-10, ++: 11 <

b: — No change, +: Decreased number of spermatozoa,
+: Increase in cellular debris, ++: Degenelation of epididymal epithelia.

¢: Number of cases.
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[NUMBER BASEI [NUMBER BASE

CON (A, D, G, J) TA-5 (B, E, H, K) MW-1(C,F, L L)

Fig. 3. Effects of nanomaterials (titanium dioxide anatase and multi-wall carbon nanotubes) on sperm morphology by phase difference
microscopic observation (A-C), particle size distribution (volume-equivalent-diameter distribution) by the particle counter (D-F) and

histology of testis (G-I) and corpus epididymis (J-L) stained with H&E stain.
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Effects of Intraperitoneal Administration of Nanomaterials on the Male Reproductive Organs in Mice

Kuniaki TAYAMA?, Yoshimitsu SAKAMOTO?, Hiroshi ANDO?, Fujifumi KAIHOKO?, Yoshikazu KUBO?, Hiroshi TAKAHASHI?,
Akemichi NAGASAWA?, Katsuhiro YUZAWA?, Akio OGATA®, Dai NAKAE®*, Akiko INOMATA?, and Masayuki KURITA®

Six types of nanomaterials, i.e., carbon black Printex-90 (CB), fullerene C60 (FL), titanium dioxide anatase (TA), titanium dioxide
rutile (TR), carbon nanofiber (CN), and multi-wall carbon nanotubes MWNT-7 (MW) suspended in sodium carboxymethyl cellulose
solution, were administered intraperitoneally to 10-week-old male CD-1 mice once each week for 10 weeks. The dose levels were 1 or
5 mg/kg body weight for CB, FL, TA, and TR, and 0.2, 1, or 5 mg/kg body weight for CN and MW. The treated mice were sacrificed
one week after the last dose and their reproductive organs were examined. Death was observed in the CN and MW groups. Slight
changes in body weight, testicle and epididymis weights, sperm parameters (count, motility, particle size distribution curve, and
morphology), and histology of the reproductive organs were observed in the TA, CN, and MW groups. However, no clear effects were
observed in the CB, TR, and FL groups.

Keywords: nanomaterials, carbon black, fullerene, titanium dioxide, carbon nanofiber, multi-walled carbon nanotubes, mouse,

intraperitoneal injection, reproductive toxicity, sperm parameters, count, motility, morphology, particle size distribution, testis, histology
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