54  BRALFMIFEEHUEHATIC BT L v MBS A ) 7~ Hett

BIRT L EPFRYRTH L, HE, MO ) 74—
R BT CIB RN 4 AL TH LRIl LR O
BLTwhA, UL, BREFMEIEEEOEHIZLY
HIEERICEIE CAWRENS 570, LHEBYT,
BENE, BeEREs4) 71— oORENILE S
hTwab,

SESRBBEBEICETIVERWZFEELE LT,
WBRE AR E S X B A ) T4 — G2 IR
LTwWa, 2hid, SBECHEARRIEEMETELE
SALFREHNEI R O BB TH L A ERLFHME
(SECM) % Bl CIEREMICIE OB R ZlE L, Pk
BEREECED 3 ) T4 2T AHLVWAETS
Bo INFTILY VIR EHVAWZEIZLD, FHEHE
FHREEL T B 4 ) F 4 —FHFEORBICEII L T
L2, E52, SECMEHWTHE—~DE FMEOIF &
WD THI L72Y # 2 THRIZEIE, SECM % ]
W OGS EE ThOEREEF T S IEOEIRHT]
e b aEt a0, FTTHRORFZBE L2
Day 308 ({R¥45246 - Day 0) O & %l R, Bk
TRV, FHREER S EMEROEHELY KT 5
ZET, BAOEBeHEE L, BITFREOEV EIRE
BOMBIIOWTHRE Lz, 72, EEnyR2it LT
Bl BEMBEA T VIREIL DWW T BE T o7,

H &

BEESSHLURERR

ENZ BT BRI EITL, BFD
FEPES N RBHEIEZBIERIZE V2, W REIMIE
2006 427 A 2> £ 2007 4F 7 T 73 & #1188 18 > i %
B Lo SEYERIL34.5 £ 455 CEHRIN TR HIT
BEIE27 £ 230 o/, ZRHRINNHIH T TH,
Sydney IVF Cleavage Medium (Cook#t) % Hjv»"CT5% O2,
6% CO2, 90% N2 DFAHTFIZ3TC CHBE T o720 ZHE
H#%Day 0% L, Day 32 T4~ 10MIfaIRIC54 L7
R % Veeck DA 4EEY # IR L 720 B2 THEEEIC
X DFRM L7218, SECM & N—RIZ%E L7z [N
WilESEE] ¥ A TEAOROIPIE & #E L7z, I
WeisE R, RISEREER<L -0 2 D% Sydney
IVF Blastocyst medium (Cook#f) IZEF DO E T\,
Day 5-7 ¥ CHRE U7z S, BORBAME, K7
YaAFy b, WY 7 N RWNE L Rty T
AAEDEREN TV S, HREOWEICE, v 70
ERESBEER WESL- i, MiESL-F
12 10% Synthetic serum substitude (SSS : IS Japan) % &

= o

it L 72 modified-Human Follicle Fluid (m-HFF ; $RZ38E 5,

TEHEREAH) 25mlAR, 427072 0OH|23 %
TNFANFRALBSL IR TLF LR, <17
Uz VORI EREL -, BRERHE Y
L—bMOWICEREBE L%k 1 7 0BRY EHGEOME
WCBEISE, BT ryiaAdy FOBEMET -0.6 V vs.
Ag/AgCl(ZIREM) (2 Lok, BEIHE 30 ym/sec,
AW 160 pm D5 CER IO L CEE I (Z#h
HED T2 (F Do VDRI 5 2 M5kl 34
R THL, WEHOTA 7 a2 VNRERCEEEY
IbZ B/ D700, RBHEMER 7 — VRIE OB
AT ole ZETEFI213 OSMOSTAT (7—7 L 4 3,
St 2 BAWIER T -7,

& R

SEMEEA 7 — VIREILOWTHE 2T o072 R
IR & RBEEALE T (M2). 40 12 BHIMEE X
F-VRERRE LB E200 B L VIRERTERL,
ASETESHERLVEED FRESED T, BEFELT
i, 4SEIZERE L& 155 H121E290 mOsm/kg & b
MY ERAPRELRDERER L. 4258 THIEEED
Wi b 3SR BLEETL $ 304 F Tld300 mOsm/kg %
EEAZ &AL, WBMREEZEHER(BROI LN
WEETHLEEZELOND,

R EHIEIC L5, IBEE~OBEL T 5 /201
s i e B & 0 JR I E I TR S A R b I L
7o WHEHIERE CHBIREAESRIL57.0%, FAERET
51.8% & 2RO B o7z (M3),

FEl—5Eic BWT, 2RENOROIF I EHE
EWHBD SNz, Bl21E, Veeck DHHHIZ L > T4558E]
ZU—=F1LEBEBWIZRL 24 ) 74—l S N2k
DO % B U AR, WG E I 2 2 1uD0.25,
@044, 6587 L—F2TIx®0.57, ©0.23, 80E 7 L—
F2Ti®0.71, ®035TH IR Lo THEERBEVWD
oo (B4, 2oL I ITANIIETIE, Veeck D5
P X B TEEERENE & IE O MR AR L I S BARE 22 FE B LR
BN D577, Day 312815 4~ 10 MBZHNE (n=187)
D% JE Lo £7EMORFHEE (W) &4 K
2R $ o MRS (F % 10'Y/mol s71) 34412, 0.34-0.50
TdHh Y & EMEICEE R 2T R ol Day IO
WoaMsEf, IRERRai] & oRF L MR & IRARSEAE
ROWRE Rz £0FER, Day 312 BV TIFREN
0.26-0.56 X 10'%/mol s TIH 721113 65.8% HSIREENLIZ 38
AL 7ze — 7, IPHEEA70.26 X 10"/mol s7 i K 180.56
X 10%mol s 1 X ) KEVIHEDOIBISEERIT, 39.0%
Tho72 (5),

_58_



BEEEE, b 55

T4 7 AEE(-0.6V)

<45 OBIE

A4 oAb
T4 0ER
B®1 SECM % Hv 7o g il
%o BEEIL mOsm /kg BEEZEEL
38 320 N Al
37 a A—A——g— 310
36 A A
A A
O . - 300
:;5 O 0 o - . A N - _!_]
4 290 —k = =
33 h [} . QA AD i
i . g @ PN 2804 A
32
31 270
0 260
0 5 10 15 20 25 30 0 5 10 15 20 25 30
nk 5k
® 40°CH{E [142.5CEHTE A 45°CRTE
M2 SEMEEAT—VIBEICB AEEEEN
# 5 L7 ORI L LT { O T Veeck D4

HYPERINTVD, 612, XY 74 74— BRI
ERHIICHD, B0 RIFRELENL, |EOBH 2% BIRT 2 72004 e 2D W T
AT LI L RERBEORTOLDIEATRTH B, = DHHITET, Zollner 5 IIFIHEDOEER CAMZI O FFM
NET, SEUPIROBBCY 4 74— BIFE 223 1280, Aa7) VY A7 axM%E - REL T2,

_59_



56  BERKICFHIFREIMERICBU S MES A Y T4 R L RE N

0,
1 ;/(()) 70/" P=0.0006
60 l . -
80 50
60 40
30
40
- 20
20 (- 10
0 0
. 0.26-0.56 <0.26 and >0.56
PEOR B RIE R 0RO 8 JE SR SE B % 1014/mol-s-! x 10"4/mol-s!
(179) (272) (n=120) (n=59)
3 MEREE, JEHIGERC B AR e 5 b MEOMERE & IR RO BR
1 2 3 4 5 6
DR EE
Veecki%k(Z 458 459 E 6552 67&] 852l 8%
KBHERIHE FL—K1 FL—F1 YL—kF2 JL—K2 JL—K2 FL—R2
(Fxn?ﬁﬁ?}.s.q 0.25 0.44 0.57 0.23 0.71 0.35
4 b MRS OEE L R E
1 BRA5EMCBIs e MEOBENRR (I Scott 5 9, Tesarik and Greco” R AL H Vi, L LA
&) OB X DHEFREL T D, /2, Ciray 513,
eI Wsehesk  MPEE (F x 10"/mol-s™!) 2 O F NENOHIBORKO BEOHSE & BE5E
: 2 & ZRBEERROFMEEREL Tvb, L2L, T
450 8 0.34 + 0.1 e e e e
e s 0.45 £ 0.2 O RAEHOBEIC L LFMETH 5720, HER
6 4 39 037 % 0.1 RPBEEOTBIZ Lo TEBL T ARG ET
7 4 51 0.39 £ 0.2 Ehvi, 1998 FEDHIE, HRPMIECLLAZEIZL
8 Al 50 0.40 = 0.2 DR OEUDPEZ 05 EF 2N, IR
9 #fie 12 0.40 0.1 DIEEorze UL, —IERIED N 5 2 L%, &
10 41 12 0.50 = 0.2 Ih o7 ’ AR ==
EHHPEL 2570, EBEYX Yy 22 L 5 HM
N.S

PR BDEVIHIRBLFELELETNE, 2075,
KEHORiETiEDay 2 b L < ik Day 304 EIMIIE & #48
LTwBOHHRTH B, HEHEH & IeRBED
WEHE & LCid, Gardner & 9% Scholtes 5 V%5, Ik

_60_



REER, 0 57

BIBHZIT) 2 &2 X D FRFIESEILBAEI X
THEWEHLLEHEE LTS, LA L, Coskun
52 Karaki 5 ' % Utsunomiya & "2 L 0, JREHE F
TRENET TRy v eV & o\l & L
TOFRFII DSBS AEEE RV E VI HED
LENRTWS, SEIIEBMOMET & LTid, ZRER
6 Day 28B4 3 L < 13 Day 3BMOEIRZBO L% T -
7 4EH Carillo 5 WOHIRERIZENS D LV O RED
—7, Laverge & " IITIRBIZET v v ) Wik T L

B8 613, IBD 7 4 74— BET 5 S0 R
Mafiv, 3 bay FYT7HEDS F) 74 —I0HHEI
BMELTWAZERERLTWAED, 3 bary Y7
BERLEY Y Y EMERUS (R 2 & b M B B
I3 NF— (ATP) %L THIENS, I bV FYT
HEZL T LERFFIEE’EC, —HORRBETI
I by R 7T ONRRHESBRNEEZLNL, 2O
WFERUR % BB & 13, BRIE - EREMICHIZOR:
WA BT E ABEAMNFFNEMRICER L, ORI
#OWLTH A SECM & N—2 & 5 ZHEINIT-0 il 55 2
BABERBELAVED, ChETiz, vy, 7Y, ¥UA
OIEO SRR RN INII L TB Y, MkiEL iR
B3 BlEs 4974 —FFHliEOFEHEERL T b Y
B, BRSO EHIEHT o v FIE~NOINT & BAY
12, b PERIEOIEENEEToC\ w5, HIMHTR
DETHEE R F— T2 BV TR O = E ST
BrEDIT, I a7 ORELITREOWMA —
H¥HrZEEHELMILEY, T2, DEnciEsize b
FEODIEHE & PR EE & O B & TG, IR MR EE
& Veeck DAHHIEIC X B IBREREHIEIZ LT L O —B T 5
ZERRWI EERL, BRAFEHNER, EREREET
WET X R WIEOIRAES £ = ¥+ LA fetEx G L
7230,

Ll F 4 4d & O EHITR ASIEAN BT TR 2 A
$5EELIREMOMREREICOVWTERE 1T o7,
R EFHINC VA< A 7 0 BRIE Y a7 X _T LA
DBROTALEHRETE D, ZOMNEROBDIZEL
ABIBIIEED01 4VUTERIZ I nALTTHY, M
JaOEEN (60-90 mv) D60HTD I LT D/ bEA~D
BEZMNE BN, WERORESCRERELEE
ZME T L— b RRIRT MR 7 — ¥ ORBEREIC
DWTHMRE L7z, 408, 42508, 45E THRE 21172
2, AETRHETL—- MHREOKR TSR LN, 458
TUEHBEELHEIZVWS 00, BETEOLANE ko
720 m-HFF DR 21855 4H13275-295 mOsm/kg TH 5,
FICRAZQRSEIIETE LFRENEEZT o7 1
D3 LB BT LR EIE 3087278, v~/ 70 E

Br oW LECHET S L, ROE~NEBRZE
BT ArE8MEL &L L TBOE~OF EREIL 15 UA
Thbhbo F7z, 1EOEECTH S FEOME D DEUHIR

LCwbo MEREIE % 1T > 7~ FBII R0 54
B o TEML 278, WikaEllEe, FHERHTEIR
O LNTEPoT,

RN & & R3S E O BIAR CLER & 0.26-0.56 2 /R T IE
TS ERP RS L B L TE L R B EL R
Lice THIEI bay FY 7IZXL BIPRIEHEE RO 7 4
)T A4 —DEHABR L CO B BRI 5 o MR £70.26
I BEWIERIEEBAOEE ML, CEIFa R
VT BAEEMENIEERLTEBY, BRE~NE
BEHSZTWAIENEZLND, HREDN06LDE
WIE T ISR~ OEEIME Y, FBLEI A T4 —
BIFIE TR, BER> SIBRIIC,TITEDI b
YR TIRBOWTY A XAOBINP 7 ) AT OHIRDPFED
S, MFEESEMLTWCIEEFMELTWE, &
DZEHs, BEEMECERE L L TDay 3EOF
I3 ba v FUTOPHEEZELBEETCWDEIEHELLN,
B E~FET AaNCEdSRELCLE I D L
Vo ZORER, MEEMEASKT I CLE T ETHILER
FHEPMEL AR EFRL-OTE R EBbIS,

RIFgeTiE, BERALEWIFTORE ST 2 GH L2 L
Vi MEZ ) T — Bl O LN W REEATR S,
WEDIPESE & RN E R T2 2 LT, LD EE
WO 7 ) 574 —% T & AN H L. Skid
TEIRE % GO RENAE AL BE L T REFH S
bbb,

X B

1) Abe, H., Shiku, H., Aoyagi, S., Hoshi, H.: In vitro culture and
evaluation of embryos for production of high quality bovine
embryos. J Mamm Ova Res., 21: 22-30, 2004.

2) Abe, H., Shiku, H., Yokoo, M., Aoyagi, S., Moriyasu, S.,
Minamihashi, A., Matsue, T., Hoshi, H.: Evaluating the
quality of individual embryos with a non-invasive and highly
sensitive measurement of oxygen consumption by scanning
electrochemical microscopy. J Reprod Dev., 52 (Suppl):
$55-S64, 2006.

3) By - REIEW - FAHA - b ERFEH A A=Y
Y YEEIGH L MIROREEEN. ERAROFE
i, 56: 2053-2057, 2007.

4) Veeck, L.L.: Atlas of the human oocyte and early conceptus. Vol. 2.
Willams & Wilkins, Baltimore, 1991.

5) Zollner, U., Zoliner, K.P., Hartl, G., Dietl, J,, Steck, T.: The use
of a detailed zygote score after IVF/ICSI to obtain good quality
blastocysts: the German experience. Hum. Reprod., 17: 1327~
1333, 2002.

__61_



58  ERLFHEEEHIERIC B S e MES AU T -l etk

6) Scott, L., Alvero, R., Leondires, M., Miller, B.: The morphology
of human pronuclear embryos is positively related to blastocyst
development and implantation. Hum Reprod., 15: 2394-2403,
2000.

7) Tesarik, J., Greco, E.:. The probability of abnormal
preimplantation development can be predicted by a single static
observation on pronuclear stage morphology. Hum. Reprod., 14:
1318-1323, 1999.

8) ZNICRRE - ABIET - BT - b BRI BT BT
BAEHIoME, 58 HANEFR MRS ERE,
2001.

9) Ciray, H.N., Karaqenc, L., Ulug, U., Bener, F., Bahceci, M.:
Early cleavage morphology affects the quality and implantation
potential of day 3 embryos. Fertil. Steril,, 85: 358-365, 2006.

10) Gardner, D.K., Schoolcraft, W.B., Wargley, L., Schlenker, T,
Stevens, J., Hesla, I.: A prospective randomized trial of blastocyst
culture and transfer in in-vitro fertilization. Fertil. Steril., 13:
3434-3440, 1998.

11) Scholtes, M.C., Zeilmaker, G.H.: Blastocyst transfer in day-
5 embryo transfer depends primarily on the number of oocytes
retrieved and not on age. Fertil. Steril., 69: 78-83, 1998.

12) Coskun, S., Hollanders, J., Al-Hassan, S., Al-Sufyan. H., Al-
Mayman, H., Jaroud, K.: Day-5 versus day-3 embryo transfer; a
controlled randomized trial. Hum. Reprod., 15: 1947-1952, 2000.

13) Karaki, R.Z., Samarraie, S.S., Younis, N.A., Lahloub, T.M,,
Ibrahim, M.H.: Blastocyst culture and transfer; a step toward
improved in vitro fertilization outcome. Fertil. Steril., 77: 114-
118, 2002.

14) Utsunomiya, T., Ito, H., Nagaki, M., Sato, J.: A Prospective,

Randomized Study: Day-3 versus Hatching Blastocyst Stage.
Hum. Reprod., 19: 1598-1603, 2004.

15) Carrillo, A.J., Lane, B., Pridham, D.D., Risch, P.P., Pool, T.B.,
Silverman, I.H., Cook, C.L.: Improved clinical outcomes for in
vitro fertilization with delay of embryo transfer from 48 to 72
hours after oocyte retrieval; use of glucose- and phosphate-free
media. Fertil. Steril., 69: 329-334, 1998.

16) Laverge, H., De Sutter, P., Van der Elst, J., Dhont, M.: A
prospective , randomized study comparing day 2 and day 3
embryo transfer in human IVF. Hum. Reprod., 16: 476-480,
2001.

17) Abe, H., Matsuzaki, S., Hoshi, H.: Ultrastructural differences
in bovine morulae classified as high and low qualiies by
morphological evaluation. Theriogenology, 57: 12731283, 2002.

18) Shiku, H., Shiraishi, T., Ohya, H., Matsue, T., Abe, H., Hoshi,
H., Kobayashi, M.: Oxygen consumption of single bovine
embryos probed with scanning electrochemical microscopy. Anal
Chem,73: 3751-3758, 2001.

19) Shiku, H., Shiraishi, T., Aoyagi, S., Utsumi, Y., Matsudaira, M.,
Abe, H., Hoshi, H,, Kasai, S., Ohya, H., Matsue, T.: Respiration
activity of single bovine embryos entrapped in a cone-shaped
microwell monitored by scanning electrochemical microscopy.
Anal Chim Acta, 522: 51-58, 2004.

20) WBE H - BREFE - UHET - FEERT - FOAREA -
MBIES - ey ERCFPHRERNZ L5 ¢ MED
74N 74 —FHil. ERAROER, 57.289-294, 2008.

21) FEEZ  BRLENA A= TEHF O LR
40T 4 — PR R AT FERE, 55:207-216, 2006.

._62_



Journal of Reproduction and Development, Vol. 56, No. 2, 2010
—Technology Report—

Viability of Porcine Embryos after Vitrification Using Water-soluble
Pullulan Films
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Abstract. The efficiency of a porcine embryo vitrification method that uses water-soluble films of pullulan, a naturally-
occurring polysaccharide polymer, was compared with two other types of vitrification methods using different devices
and solutions for vitrification and warming. Blastocysts collected in vivo and vitrified by the conventional straw (ST),
Cryotop® (MVC) or pullulan film vitrification (PFV) methods were stored in liquid nitrogen for a certain period of time,
after which the cryoprotective agents were removed by stepwise dilution. Fresh embryos were used as controls for the
non-vitrification group. The vitrified-warmed embryos were incubated in TCM199 with 0.1 mM f-mercaptoethanol
and 20% fetal bovine serum for 24 h at 38.5 C in humidified air with 5% CO; to evaluate their viability. The survival rate
of embryos in the ST group (48.3%) was significantly lower than that of those in the MVC (70.7%), PFV (79.0%) and non-
vitrification (94.4%) groups. The oxygen consumption rate after vitrification was significantly lower than that before
vitrification in the ST group, but was not significantly different in the MVC and PFV groups. Both the oxygen
consumption rates of embryos after warming and the live cell numbers in the ST group were lower than those in the
MVC group, while they did not differ significantly between the PFV and MVC groups. There was a correlation between
the oxygen consumption rate and the number of live cells in vitrified embryos after warming. Our results demonstrated

that in vivo-derived porcine embryos could be vitrified using pullulan films.
Key words: Oxygen consumption rate, Porcine embryo, Pullulan film, Vitrification

(J. Reprod. Dev. 56: 279-284, 2010)

reservation of porcine embryos is important for increasing the
P effective use of high-quality genetic resources, preventing dis-
ease transmission via animals and allowing low-cost transportation
of pigs. Due to the extremely high sensitivity of porcine embryos
to low temperature, it has been difficult with slow freezing methods
to achieve conception rates and litter sizes equivalent to those
achieved with artificial insemination [1, 2]. However, it has
recently become possible to produce piglets from cryopreserved
embryos by using ultra-rapid vitrification methods, such as the
minimum volume cooling (MVC) [3, 4], open pulled straw [5],
microdroplet [6] and metal mesh vitrification [7] methods.
Pullulan, which is a neutral polysaccharide polymer also known
as a-1,4-; a-1,6-glucan, is made from starch and consists of maltot-
riose units linked in an orderly manner. It has been reported that
murine morulae placed on a pullulan film could be vitrified [8]. In
general, stepwise dilution is required after warming of vitrified
embryos, since vitrification requires a high concentration of cryo-
protective agents (CPAs), which makes it difficult, due to their
toxicity, to warm the embryos in a straw for direct transfer to recip-
ients. As the pullulan film is soluble in warm water, the
vitrification solution can be diluted in a straw, and then the
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embryos can be directly transferred into a recipient using a straw-
attached intrauterine injector.

Several studies on non-surgical embryo transfer in pigs have
been reported [9-13], and we have also been working on the devel-
opment of a non-surgical transfer technique that uses a straw-
attached intrauterine injector [14]. Direct transfer via a straw con-
taining vitrified embryos with high viability may be applied to
piglet production by non-surgical embryo transfer in an ordinary
commercial farm.

Measuring the oxygen consumption rate using a scanning elec-
trochemical microscope may be effective as a non-invasive
evaluation of embryo quality [15]. We have previously reported
that bovine embryos having a high oxygen consumption rate
showed a high conception rate after embryo transfer [16]. In an
attempt at embryo cryopreservation using the slow-freezing
method, the oxygen consumption rate in embryos significantly
decreased after freezing and thawing, indicating that the embryos
were damaged by the cryopreservation procedure {16]. However,
there are no reports available concerning the oxygen consumption
rate before and after cryopreservation with in vivo-derived porcine
embryos.

In the present study, to investigate the potential for application
of the pullulan film vitrification (PFV) method in a non-surgical
transfer technique for porcine embryos, we compared the survival
rate of porcine embryos preserved by the PFV method with those
attained by conventional vitrification methods. We also measured
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Fig. 1. A straw containing four liquid layers: (from the cotton-plug side) a ditution solution (PB1 + 1.7 M galactose + 0.5% BSA), a 45% EG vitrification

Fig. 2.

solution (PB1 + 45% EG + 7% PVP + 0.5% BSA) that prevents reduction in the concentration of the vitrification solution due to mixing with the
dituents of the first layers, a 45% EG vitrification solution containing embryos and a dilution solution. The straw was sealed after being filled with
the last dilution layer.

steed rod

Btainless

Patlulan fim

925 mib strawy 0.0 mib sipaw Embryos

A stainless steel rod for vitrification equipped with a pullulan film. A stainless steel rod was attached to a short 0.25-ml straw, and a pultulan film
was attached to the tip of the straw. The 0.25-ml straw and pullulan film were covered with a case made from a 0.5-ml straw. Embryos and
vitrification solution were placed on the pullulan film, and after the embryos were vitrified in liquid nitrogen, the case was slid across to cover the

film.

the oxygen consumption rate of embryos before and after vitrifica-
tion to examine how the rate was influenced by these vitrification
methods.

Materials and Methods

Embryo collection from gilts

All animal-related procedures followed in this study were done
with the approval of the Institutional Animal Experiment Commit-
tee of Kanagawa Prefectural Agriculture Facilities. A total of 39
prepubertal gilts (Landrace and Large White, 5.5-7.3 months old)
were used for collection of embryos, as previously described with
some modifications [13]. Briefly, superovulation was induced by
intramuscular injection of 1500 IU eCG (Peamex, Sankyo, Tokyo,
Japan), followed 72 h later by 500 U hCG (Puberogen, Sankyo).
The gilts were artificially inseminated twice, in the afternoon one
day after hCG injection and in the morning two days after hCG
injection.

In the morning on Day 6 (Day O=the day of the first artificial
insemination), the embryos were recovered from the uterine horns
by laparotomy under general anesthesia (4—5% [v/v] halothane) by
flushing with PB1 [17] with 0.5% (w/v) bovine serum albumin
(BSA; Fraction V, Sigma Chemical, St. Louis, MO, USA) or
TALP-Hepes [18]. The recovered embryos were morphologically
evaluated under an inverted microscope (x 100), and only blasto-
cysts were used for the experiments. The blastocysts were
preserved in PZM-5 [10] supplemented with 10% (v/v) fetal bovine
serum (FBS; Gibco, Life Technologies, Grand Island, NY, USA) at
38.5 C in humidified air with 5% CO, until vitrification.

Vitrification and warming of embryos

The embryos were vitrified using the three different methods
and warmed 20-150 days later.

In Method 1, conventional vitrification using a mini-straw (ST)

was performed using 0.25-m! crystal straws (IMV Technologies,
L’Aigle, France) as described previously [19] with some modifica-
tions. Briefly, the embryos were placed in a drop (80 ul) of
equilibration solution consisting of PB1 medium with 11% (v/v)
ethylene glycol (EG) and 0.5% BSA (11% EG solution) for 5 min
at room temperature (20-25 C). After equilibration in 11% EG
solution, the embryos were transferred to a vitrification solution
consisting of PB1 medium supplemented with 45% EG, 7% (w/v)
polyvinylpyrrolidone (MW 10,000, Sigma) and 0.5% BSA (45%
EG vitrification solution) preloaded into a straw. Within 40 sec of
the initial exposure of the embryos to the 45% EG vitrification
solution, the straw was loaded with the solutions, as shown in Fig.
1, heat sealed and placed on a styrene foam board (5 mm thick)
floating on liquid nitrogen (LN>), and the cotton-plug part of the
straw was dipped into LN, for a quick moment to create ice seeds in
the diluent. The straw was then placed on the styrene foam board
again for 3 min. After confirming that the 45% EG vitrification
solution was transparent and that ice crystals had not been formed,
the straw was plunged into LN,

After storage in LN for a certain period of time, the straw was
warmed in air (25 C) for 5 sec and then in a 40 C water bath for 6
sec. Immediately after warming, the straw was shaken to mix the
solutions inside (i.e., first-step dilution). Two minutes after the
first-step dilution, the content of the straw was expelled into a dish,
and the embryos were subsequently washed by five serial transfer
steps of the warmed embryos in PB1 medium supplemented with
0.5% BSA and 6%, 3%, 1.4%, 0.7% or 0% EG for 2 min each.

In Method 2, the MVC method was conducted using a Cryotop®
and commercial vitrification and warming solutions (VT101 and
VTI102, Kitazato BioPharma, Shizuoka, Japan) by the method pre-
viously reported [3, 4]. The embryos were contracted by
dehydration in an equilibration solution (ES of VT101, Kitazato
BioPharma) and kept at room temperature (25 C) for 5 to 10 min
until they regained their volume to some extent. The equilibrated
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embryos were transferred to a vitrification solution (VS of VT101,
Kitazato BioPharma) along with a minimal amount of the equili-
bration solution. The embryos contracted in the solution were
loaded onto the tip of a Cryotop® and directly plunged into LN,.
The length of time from exposure of the embryos to the vitrification
solution until storage in LN, was less than 60 sec.

After storage in LN, the embryos were warmed by immersing
the Cryotop® tip into a warming solution (TS of VT102, Kitazato
BioPharma) at 38.5 C. After one min, the embryos were trans-
ferred to a diluent (DS of VT102, Kitazato BioPharma) at 38.5 C
for 3 min and then washed twice in a washing solution (WS of
VT102, Kitazato BioPharma) for 5 min each time.

In Method 3, the PFV method was conducted using a pullulan
film (1.5 mm wide, 15 mm long and 20 zm thick; Hayashibara
Shoji, Okayama, Japan) attached to a stainless steel rod (Fig. 2).
The embryos were kept in D-PBS with 20% FBS for 2 min, equili-
brated for 4 min in D-PBS with 20% FBS supplemented with 7.5%
EG, 7.5% DMSO and 0.3 M sucrose and then transferred to a vitri-
fication solution (EDS30; D-PBS with 15% EG, 15% DMSO, 0.6
M sucrose and 20% FBS). Within 60 sec after transfer to the vitri-
fication solution, the embryos were loaded onto the pullulan film
and plunged into LN..

After storage in LN, the embryos were warmed by submerging
the film successively into D-PBS supplemented with 20% FBS and
0.6 M sucrose for 2 min, D-PBS supplemented with 20% FBS and
0.3 M sucrose for 2 min and finally D-PBS with 20% FBS for 2
min.

Viability of embryos

Following warming, the embryos were cultured in TCM199 sup-
plemented with 0.1 mM S-mercaptoethanol and 20% FBS for 24 h
at 38.5 C in humidified air with 5% CO,. The embryos forming a
blastocoel were considered viable. As the non-vitrification control,
embryos just recovered were also cultured for 24 h in the same
medium.

Measurement of the oxygen consumption rate

The oxygen consumption rate using an embryo respirometer
(HV-403, Research Institute for the Functional Peptides, Yama-
gata, Japan), a device developed based on a scanning
electrochemical microscope, was measured for some of the
embryos 30 min before vitrification and after warming by the
method of Abe et al. [15]. Briefly, an embryo was placed into the
solution for the measurement (ERAM-2, Research Institute for the
Functional Peptides) on the flat bottom of a cone-shaped microwell
on the plate (RAP-1, Research Institute for the Functional Pep-
tides). A microelectrode (platinum microelectrode RAE-1,
Research Institute for the Functional Peptides) was moved close to
the embryo, and a voltage of —0.6 V was applied to reduce the oxy-
gen concentration in the solution surrounding the embryo and
measure the current generated as a result. The oxygen concentra-
tion gradients in the solution surrounding the embryo were
measured by scanning the z-axis (i.e., horizontal direction) at a
speed of 31.0 zm/sec. The average of two measurements (anterior
and posterior sides of the embryo) was considered to be the oxygen
consumption rate of the embryo.

Table 1. In vitro development of porcine embryos cryopreserved by
different vitrification methods

Vitrification method No. of embryos

Cultured Survived (%)
ST 89 43 (48.3¢
MVC 82 58 (70.7)
PFV 81 64 (79.0)°
Non-vitrification 54 51 (94.4)

*< Vatues with different superscripts within each column are signifi-
cantly different (P<0.05).

Classification of viable and dead cells in embryos

The method of Saha and Suzuki {20] was used to compare the
cell viability of the vitrified embryos. After washing with TCM199
containing 20% FBS, the embryos subjected to oxygen consump-
tion rate measurement were warmed to 38.5 C and cultured in a
staining solution for 30 min for double staining of viable and dead
cells. TCM199 supplemented with 10 gg/ml bisbenzimide (Hoe-
chst 33342, Calbiochem, San Diego, CA, USA) and 10 pg/ml
propidium iodide (P1; Sigma) was used as the staining solution.
The stained embryos were washed with TCM199 containing 20%
FBS, placed on a slide with a small amount of TCM199 with 20%
FBS and covered with a cover glass. The embryos were observed
through a U-MWU filter (excitation wavelength of 365 nm, barrier
filter of 400 nm) under an inverted microscope equipped with a flu-
orescent light source, and embryos with blue nuclei were counted
as viable; those with pink nuclei were counted as dead.

Statistical analysis

The experiment was repeated three or four times for each group.
A chi-square test and Fisher’s exact probability test was used to
compare the viability of embryos. The numbers of cells were sub-
jected to logarithmic transformation before statistical analysis. An
analysis of variance (ANOVA) was performed using the General
Linear Model (GLM) procedure of SPSS (SPSS 11.5J, User’s
Guide, SPSS, Tokyo, Japan) followed by the Scheffe test. Linear
relationships and correlation coefficients between oxygen con-
sumption rate and the number of live cells in vitrified-warmed
embryos were determined by simple regression analysis and Pear-
son correlation coefficient analysis, respectively. A P value of less
than 0.05 was considered statistically significant.

Results

Effect of vitrification procedures on morphological changes in
vitrified embryos after warming

The viabilities of embryos after vitrification and warming by the
different methods are shown in Table 1. The percentage of
embryos that survived in the ST group was significantly lower
(P<0.05) than those in the other two vitrification groups and in the
non-vitrification group. There was no significant difference in the
rates between the MVC and PFV groups. Moreover, the survival
rate in the non-vitrification group was significantly higher (P<0.05)
than those in the other groups.
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Table 2. Oxygen consumption rates of porcine embryos before and after vitrification

Vitrification No. of embryos Oxygen consumption rate (F x 10" /mol s7)
method examined Before vitrification After warming*
ST 10 1.29+0.17* 0.82 +0.0928
MVC 15 1.15+0.08 1.22+0.08°
PFV 11 0.99 £0.08 1.02 +0.09*
Non-vitrification 10 132+£0.14 -

Mean + SEM. * Values were measured 30 min after warming. *® Values with different superscripts
within each column are significantly different (P<0.05). A® Values with different superscripts
within each row are significantly different (P<0.05).

Table 3. Cell viability of porcine embryos after vitrification

Vitrification No. of embryos Mean cell no. in blastocyst Ratio of live
method examined Total Live ftotal (%)
ST i0 700£25 64.4+32° 91.9%27°
MVC 13 862143 85.9+4.4° 99.5+0.3°
PFV 9 823+35 80.2 +4.3%® 97.0+1.8%
Non-vitrification 10 70.3+£3.7 70.3+£3.7% 100 + 0°
Mean + SEM. *® Values with different superscripts within each column are significantly different
(P<0.05).
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Fig. 3. Correlation between the oxygen consumption rates of vitrified-

warmed embryos and number of live cells. There is a significant
positive correlation between the oxygen consumption rate and
the number of live cells (P<0.01 r=0.496). Regression lines are
drawn to show the relationship between the oxygen consumption
rates and numbers of live cells.

Effect of vitrification procedures on the oxygen consumption
rates of embryos

The oxygen consumption rate of the vitrified embryos after
warming was significantly higher in the MVC group (P<0.05) than
in the ST group, but in the PFV group, it did not differ significantly
from the rates in the other groups (Table 2). The oxygen consump-
tion rate after warming was significantly lower (P<0.05) than that
at pre-vitrification in the ST group, while there was no significant

Cell viability after vitrification by the different methods is
shown in Table 3. The ratio of live to total cell number was signif-
icantly lower (P<0.05) in the ST groups than in the MVC and non-
vitrification groups. There was a positive correlation between the
oxygen consumption rate and the number of live cells (P<0.01, r =
0.496) in all vitrified-warmed embryos (Fig. 3).

Discussion

The present study demonstrated that porcine blastocysts can be
vitrified using a pullulan film and that viability, oxygen consump-
tion rate and cell viability were not different from those of embryos
vitrified by the MVC method using a Cryotop®.

Since vitrification uses CPAs at high concentrations to prevent
intracellular ice crystal formation, their toxicity causes damage to
embryos when the vitrification procedure takes a long time. To
avoid this problem, several vitrification methods, such as the open-
pulled straw [5], microdroplet [6] and metal mesh vitrification [7]
methods, have been reported to achieve high viability by making
porcine embryos very rapidly pass a critical temperature range at
which embryos are injured. The viability of embryos is increased
by these methods, as they have the advantages of minimizing the
required amounts of CPAs by using special devises and lowering
the concentration of CPAs by application of rapid cooling. The
present study compared the viability of embryos in the PFV method
using pullulan film with that in the MVC method, one of the ultra-
rapid vitrification methods, and demonstrated that the viability was
70% or more in the PFV method, which is similar to that in the
MVC method. On the other hand, the survival rate of embryos in
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the ST group was significantly lower than that in the other groups.
The volume of vitrification solution was smaller in the MVC and
PFV groups (0.1 zl) than in the ST group (20 ul). Moreover,
whereas embryos were placed into LN; after exposing them to LN,
vapor in the ST group, they were directly plunged into LN; in the
MVC and PFV groups. Thus, the difference in survival may be due
to a more rapid temperature decrease in the MVC and PFV groups
than in the ST group.

The vitrification procedure for embryo storage does not require a
programmable freezer. However, it requires special devises and
strict control of temperature and time before plunging the embryos
into LN; because high concentrations of CPAs are used. Therefore,
the number of embryos that can be vitrified in one operation has
been limited. Ushijima et al. [4] reported that the MVC method
allows simultaneous vitrification of 8 to 12 embryos. In pigs, it is
desirable to cryopreserve larger numbers of embryos together
because 15 to 20 embryos should be transferred into a recipient at
one time. In the present study, 5 to 8 embryos could be simulta-
neously vitrified by using a sheet of pullulan film, and the vitrified
embryos on 3 or 4 sheets of the film could be loaded together into a
straw. We suggest that the PFV method to cryopreserve porcine
embryos is a valuable tool for non-surgical embryo transfer in pigs,
since the vitrified embryos can be directly transferred into a recipi-
ent. We have obtained normal calves after transfer of bovine
blastocysts vitrified using pullulan films and warmed by one-step
dilution in straws (our unpublished data). The PFV method
appeared to have no adverse effect on porcine embryos in this
study. If porcine embryos vitrified using pullulan films can be con-
veniently diluted and warmed in a straw while maintaining their
viability, they may be applied to piglet production by non-surgical
embryo transfer under on-farm conditions. Further technical
improvements are required to enable one-step dilution in a straw,

In the present study, PFV was applied as an open method in
which the solution containing embryos directly contacts LN,. Stor-
age of embryos in open containers in LN, may represent an
increased potential for microbial contamination during long-term
banking and the risk of disease transmission by embryo transfer
[21]. To avoid contamination of pathogens, embryos collected
from the same donor should be separately vitrified by the PFV
method in its own sterile LN; and stored in its own closed contain-
ers. An in-straw dilution method after PFV may also enable
decrease of the risk of contamination because storage and dilution
of vitrified embryos is performed in a sealed straw.

The oxygen consumption rate of embryos vitrified by the three
different methods was measured in order to assess the quality of
embryos and their potential use in a non-invasive transfer method
[16, 22, 23]. To our knowledge, the present study is the first to
measure the oxygen consumption rate before and after vitrification
of porcine embryos. The oxygen consumption rate after warming
was significantly lower than the pre-vitrification levels in the ST
group, while there was no significant difference between these
rates in the MVC and PFV groups, thus reflecting their respective
viabilities. These results were consistent with the viabilities of the
embryos after vitrification and warming in these groups, supporting
the validity of using the oxygen consumption rate as an index of
embryo quality after vitrification and warming.

Dobrinsky er al. [24] have reported that success of vitrification
depends on the influence of CPAs on morphological and molecular
properties of cellular organelles and membranes. In the present
study, cell damage of embryos was assessed by a double staining
method with Hoechst 33342 and P, which can distinguish between
blue-stained live cells and pink-stained dead cells by the difference
in permeability for P1, depending on damage of the cell membrane.
The number of live cells in the ST group decreased significantly
compared with the MVC group (P<0.05), and the ratio of live to
total cells was reduced by 5 to 7% in the ST group compared with
the other groups. This result may reflect that the survival rate of
embryos after warming was markedly lower in the ST group
(48.3%) than in the MVC (70.7%), PFV (79.0%) and non-vitrified
groups (94.4%). Moreover, both the oxygen consumption rates of
embryos just after warming and live cell numbers in the MVC
group were higher than those in the ST group. In addition, there
was a correlation between the oxygen consumption rate and the
number of live cells in vitrified embryos after warming. Trimarchi
et al. [22] have demonstrated that maturation of mitochondria cor-
relates with an increase in metabolic activity, as reflected in the
oxygen consumption rate, and that the oxygen consumption rate
reflects the number of cells measured and their mitochondrial activ-
ity. Thus, we assumed that the number of live cells could be
estimated by the oxygen consumption rate.

In the present study, no difference was found in viability and
oxygen consumption rate after warming between the porcine
embryos vitrified by the method using pullulan film and those
obtained by the previously reported MVC method, indicating that
porcine embryos can be vitrified using pullulan film. Non-surgical
direct transfer of ultra-rapidly vitrified porcine embryos without
using a microscope would be a useful transfer method applicable
by individual farmers in the field. Therefore, further studies are
desirable on the method for in-straw dilution of embryos.
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Lactate and Adenosine Triphosphate in the
Extender Enhance the Cryosurvival of Rat
Epididymal Sperm

Hideaki Yamashiro,'* Masaaki Toyomizu,> Motoi Kikusato,” Natsuki Toyama,! Satoshi Sugimura,! Yumi Hoshino,’
Hiroyuki Abe,* Stefan Moisyadi,® and Eimei Sato?!

We evaluated the cryosurvival of rat epididymal sperm preserved in raffinose-modified Krebs-Ringer bicarbonate-egg
yolk extender supplemented with various energy-yielding substrates (glucose, pyruvate, lactate, and ATP) and assessed the
effect on sperm oxygen consumption. The incubation of sperm at 37 °C for 10 min in lactate-free extender decreased sperm
motility and oxygen consumption before and after thawing compared with those of sperm in glucoese- and pyruvate-free
mediums. We then focused on the effect of supplementing the extender with lactate (0, 10.79, 21.58, 32.37, and 43.16 mM)
and found that sperm frozen and thawed in extender supplemented with 32.37 mM lactate exhibited the highest motility.
When we supplemented extender containing 32.37 mM lactate with ATP (0, 0.92, 1.85, 3.70, and 5.55 mM), sperm frozen and
thawed in the extender supplemented with 1.85 mM ATP exhibited considerably higher motility and viability than those of
sperm frozen and thawed in ATP-free extender. These results provide the first evidence that supplementation of the raffinose-
modified Krebs-Ringer bicarbonate-egg yolk extender with 32.37 mM lactate and 1.85 mM ATP increases of number of motile
sperm before freezing and enhances the cryosurvival of rat sperm. These supplements to the extender may enhance sperm

cryosurvival by improving the metabolic capacity of sperm before freezing.

Abbreviations: mKRB, modified Krebs-Ringer bicarbonate.

We previously showed that freezing rat epididymal sperm
in an extender of raffinose dissolved in modified Krebs—Ringer
bicarbonate (mKRB) solution containing egg yolk enhances their
cryosurvival of sperm as measured by viability and acrosomal
integrity; this finding suggested that a mKRB-based freezing
extender containing glucose, pyruvate, and lactate can protect
sperm against freezing injury.® A possible reason for this find-
ing is that sperm in this extender retain high metabolic capacity
before freezing which, in turn, may enhance the cryosurvival of
rat sperm. However, the mechanism by which the mKRB-based
extender promotes the metabolic capacity and cryosurvival of
rat sperm is unclear.

The process of cryopreservation imposes numerous stresses
on not only the physical features of sperm but also the energy
production to support motility before and after freezing, and
improving energy production in frozen—thawed sperm is im-
portant for successful cryopreservation.’” Sugars play various
roles in sperm extender solution, including providing an energy
substrate for sperm during cooling and acting as a cryoprotect-
ant.! The beneficial effects of adding glucose to the extender on
the viability of frozen-thawed sperm have been reported for
various species;? this nutritional effect may involve the synthesis
and provision of ATP through the glycolytic pathway to pro-
vide the energy required for sperm motility. Therefore, glucose
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may play a key role in generating energy in motile sperm and
preventing freezing damage.

The addition of an exogenous substrate (such as lactate) im-
proved the sperm motility characteristics of cattle,!! boars, 4%
and rabbits.2? A previous study® showed that a shuttle involving
the redox couple lactate-pyruvate and lactate dehydrogenase
isozyme C, is active in rat and rabbit mitochondria but not in
mouse mitochondria. This finding suggests that sperm from
various species, including rats, may find lactate a suitable sub-
strate for maintaining the energy production and consumption
as well as oxygen consumption. However, which of the major
biochemical pathways—glycolysis or oxidative phosphoryla-
tion—is involved in supplying energy to mobilize sperm has
been a long-lasting debate, because the pathway of energy
production is species-specific 8232 Regardless of the identity
of the pathway involved in energy supply, the development
of an appropriate freezing extender likely would improve
sperm motility and survival during cryopreservation through
enhancement of the metabolic capacities of sperm. However,
no previous studies have reported on the optimal components,
especially the energy substrates, of a cryodiluent for the freez-
ing of rat sperm.

Sperm may attain access to eggs by mobilizing metabolic
energy production in the form of ATP to drive motility.*® ATP
is hydrolyzed by the dynein adenosine triphosphatase, which
converts the chemical energy of ATP into mechanical energy
used for the movement of sperm.3! ATP can have several
downstream effects leading to improvement in the motility of
sperm by means of an increase in the calcium level 101718202527
Moreover, the amount of ATP required for metabolic energy is
higher in the cytosol than the mitochondria.!® Therefore, sup-
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plementation of the freezing extender with exogenous ATP may
improve the cryosurvival of rat epididymal sperm.

Here we evaluated the cryosurvival and parameters of mito-
chondrial activity, including oxygen consumption, of rat sperm
diluted in raffinose-mKRB-egg yolk extender supplemented
with various energy-yielding substrates, including glucose,
pyruvate, lactate, and ATP. In addition, we identified the optimal
energy substrates and other components of a cryodiluent for
the freezing of rat sperm.

Materials and Methods

Principles of laboratory animal care were followed during
this study, and all procedures were conducted in accordance
with guidelines of the Ethics Committee for Care and Use of
Laboratory Animals for Research of the Graduate School of
Agricultural Science (Tohoku University, Japan). Wistar rats
were used throughout the experiments. Animals were kept in
polycarbonate cages (25 x 40 x 20 cm) under controlled condi-
tions with lights on at 0800 and off at 2000. They were given
food and tap water ad libitum.

Preparation of the raffinose-mKRB-egg yolk extender. The
basic extender used in this study was the raffinose-mKRB-egg
yolk freezing solution defined previously;® it comprised 0.1 M
raffinose (Sigma, St Louis, MO), 94.6 mM NaCl (Wako Pure
Chemical Industries, Osaka, Japan), 4.78 mM KCI (Wako), 1.71
mM CaCl,-2H,0 (Wako), 1.19 mM MgSO,-7H,0 (Wako) 1.19 mM
KH,PO, (Wako), 25.07 mM NaHCO, (Wako), 21.58 mM sodium
piL-lactate (Sigma), 0.5 mM sodium pyruvate (Wako), 5.56 mM
glucose (Wako), 50 ug /mL streptomycin (Sigma), and 75 pg/mL
penicillin (Sigma); egg yolk was separated from the albumin,
and 20% (v:v) egg yolk was added to the raffinose-mKRB solu-
tion. Egg yolk lipids were solubilized by adding 0.04% (w:v)
SDS (Wako) to the solution. The solution was centrifuged twice
at 7000 x g for 30 min. The pH of the solution was adjusted to
7.3 with HCl and its osmotic pressure to 400 mOsm. The super-
natant was aspirated and filtered through a 0.45-um membrane
filter (Sartorius, Goettingen, Germany).

Evaluation of sperm motility parameters. Sperm motility
parameters were assessed by using a sperm motility analysis
system (version 1.0, Kashimura, Tokyo, Japan) and a 10-um deep
Makler chamber (Sefi Medical Instruments, Haifa, Israel); the
protocol was described previously.® At least 100 sperm and 5
fields were assessed by the sperm motility analysis system for
each treatment group. The following parameters were assessed
in this study: motility (%), straight line velocity (um/s), curvi-
linear velocity (um/s), amplitude of lateral head displacement
(um), and beat cross frequency (Hz).

Evaluation of sperm acrosome integrity. The acrosomal integ-
rity of fresh and frozen-thawed sperm was assessed by staining
with FITC-conjugated peanut agglutinin (Wako) according to
the procedure described previously.®

Collection of rat epididymal sperm. Both caudae epididymides
were excised from 24 sexually mature male Wistar rats older
than 15 wk. The excised epididymis was rinsed and carefully
blotted free of blood and adipose tissues. A small part of the
caudae epididymides tract was excised with fine scissors. The
droplet of sperm that welled up was transferred to a 1.5-mL
microfuge tube containing 1 mL of freezing medium at 37 °C.
After 5 min, the solution was examined macroscopically to
verify that sperm were dispersed adequately.

Cryopreservation and thawing. Experiment 1a. In this ex-
periment, we investigated the effect of the substrates glucose,
pyruvate, and lactate in raffinose-mKRB-egg yolk freezing
extender on the motility characteristics of fresh sperm after

Lactate and ATP enhance the cryosurvival of rat sperm

collection and frozen-thawed sperm. Sperm from both the
caudae epididymides from 3 rats were used in this experiment.
Immediately after collection, aliquots of sperm were exposed to
the following 5 solutions: raffinose-mKRB-egg yolk extender
containing the substrates glucose, pyruvate, and lactate (con-
trol); glucose-free extender; pyruvate-free extender; lactate-free
extender; and substrate-free extender. The osmotic pressure of
these solutions was adjusted to 400 mOsm with sucrose (Wako)
and the pH to 7.3 with HCl. Each sperm suspension was incu-
bated at 37 °C for 5 min to allow the sperm to disperse, and the
sperm concentration and motility parameters then were evalu-
ated by the sperm motility analysis system. The sperm were
processed and frozen by using a modification of a previously
published protocol.?® The diluted sperm samples were cooled
at 5 °C for 90 min. The sperm samples were further diluted 1:1
with each extender containing 1.5% of a commercial cryopro-
tectant (Equex STM, Nova Chemical Sales, Scituate, MA) to
obtain a sperm concentration of 5 x 10% sperm/mL and then
were equilibrated at 5 °C for 30 min before freezing. Afterward,
the samples were loaded into standard 0.5-mL straws and the
straws were heat-sealed. The straws were placed in liquid ni-
trogen vapor for 10 min, plunged into liquid nitrogen (~196 °C),
and stored for 3 d at this temperature. The straws were thawed
rapidly by holding them in water (37 °C) for 10 s. The sperm
were transferred to a 1.5-mL microfuge tube and incubated at
37 °C for 5 min, after which motility parameters after thawing
were assessed by using the sperm motility analysis system.
The acrosome status of frozen-thawed sperm was assessed by
staining with FITC-conjugated peanut agglutinin.!

Experiment 1b. Building on the results of Experiment 1a,
this experiment was conducted to analyze the characteristics
of fresh and frozen-thawed sperm in the raffinose-mKRB-egg
yolk extender containing various concentrations of lactate.
Sperm from both caudae epididymides from 3 rats were used.
Aliquots of sperm were suspended in 1 mL raffinose-mKRB—
egg yolk extender containing 0, 10.79, 21.58, 32.37, or 43.16 mM
lactate; all of these solutions had an osmotic pressure of 400
mOsm and a pH of 7.3, except the solution containing 43.16
mM lactate (430 mOsm and pH 7.3). The procedures followed
for cryopreservation and evaluation of sperm were the same as
described for experiment 1a.

Experiment 1c. This experiment was designed to compare the
cryosurvival of rat sperm frozen in raffinose-mKRB-egg yolk
extender solution containing 32.37 mM lactate supplemented
with various concentrations of ATP. Both caudae epididymides
from 3 male rats were used in this experiment. After collection,
sperm was divided into 5 aliquots and suspended in 1 mL of
extender solution containing 32.37 mM lactate and 0, 0.92, 1.85,
3.70, or 5.55 mM ATP (400 mOsm and pH 7.3). The freezing
protocol and evaluation of sperm were the same as described
previously. For the evaluation of sperm viability, frozen—thawed
sperm samples were incubated in a water bath at 37 °C for 5
min. For each treatment, 3 samples were evaluated after 1, 2,
and 3 h of incubation to determine sperm motility, straight-line
velocity, curvilinear velocity, and amplitude of lateral head
displacement.

Measurement of oxygen consumption of sperm. Experiment
2a. The aim of this experiment was to assess the effect of
substrates in the raffinose-mKRB-egg yolk medium on the
mitochondrial activity of sperm. Sperm was collected from
5 mature male rats and extended in substrate-free raffinose-
mKRB-egg yolk medium at 37 °C. The sample was incubated
for 5 min to allow the sperm to disperse and then equal volumes
were resuspended in each of the following solutions: raffinose—
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mKRB-egg yolk medium containing 11.12 mM glucose, 1 mM
pyruvate, and 43.16 mM lactate (control); glucose-free control
(containing pyruvate and lactate); pyruvate-free control (con-
taining glucose and lactate); lactate-free control (containing
glucose and pyruvate); and substrate-free raffinose-mKRB-egg
yolk medium. The final concentrations of the various substrates
in medium containing sperm were 5.56 mM glucose, 0.5 mM
pyruvate, and 21.58 mM lactate. The osmotic pressure of these
solutions was adjusted to 400 mOsm with sucrose and the pH
to 7.3 with HCL. The oxygen consumption rates of the sperm
were measured by using Clark-type oxygen electrodes (Rank
Brothers, Cambridge, UK) maintained at 37 °C for 10 min and
calibrated with air-saturated water at 37 °C, which was as-
sumed to contain 406 nmol oxygen/mL.% A sperm sample in
a volume of 1 mL was suspended in the reaction chamber by
stirring carefully to prevent the addition of any external air.
The final concentration of sperm in the incubation chamber
was approximately 1 x 107 sperm/mL. Data were acquired by
using a commercial software program (LabChart version 5.2,
AD Instruments, Castle Hill, Australia). The oxygen consumed
by the sperm was calculated as:?

Oxygen concentration (nmol oxygen/mL) =
oxygen (U) x oxygen concentration of air-sat-
urated water (that is, 406 nmol oxygen/mL) +
oxygen full-chart span (U)

The rate of oxygen consumption by sperm was expressed as
nmol/min/1 x 107 sperm.

Experiment 2b. The effect of various concentrations of lactate
in the raffinose-mKRB-egg yolk extender on the oxygen uptake
of sperm was analyzed. Sperm were collected from the caudae
epididymides of 5 rats and suspended in lactate-free raffinose-
mKRB-egg yolk medium and then incubated for 5 min at 37 °C.
Equal volumes of raffinose-mKRB-egg yolk medium contain-
ing 0, 21.58, 43.16, 64.74, and 86.32 mM lactate were diluted
with lactate-free raffinose-mKRB-egg yolk medium, resulting
in solutions with final lactate concentrations of 0, 10.79, 21.58,
32.37, and 43.16 mM, respectively. The osmotic pressure and
the pH of all these solutions were adjusted to 400 mOsm and
7.3, respectively, except the solution containing 43.16 mM lac-
tate (430 mOsm and pH 7.3). The oxygen consumption of each
sperm suspension was determined in relation to air-saturated
medium as described for experiment 2b.

Experiment 2c. The effect of adding ATP to raffinose-mKRB-~
egg yolk medium containing 32.37 mM lactate on the rate of
oxygen consumption of sperm was examined. Sperm from 5
rats were flushed the sperm out by using the medium, and
then the suspensions in ATP-free raffinose-mKRB—egg yolk
medium were incubated for 5 min at 37 °C. Each treated sample
was placed in raffinose-mKRB-egg yolk medium containing 0,
1.84,3.70, 7.4, or 11.1 mM ATP. Subsequently, equal volumes of
extended sperm were added to these solutions, resulting in so-
lutions with final ATP concentrations of 0, 0.92, 1.85, 3.70, and
5.55 mM (400 mOsm and pH 7.3). The oxygen consumption
of the sperm was determined as described for experiment 2a.

Statistical analysis. The data were subjected to ANOVA and
the Fisher protected least-significant difference post hoc test
(StatView, Abacus Concepts, Berkeley, CA). All data are ex-
pressed as mean + SEM. A P value of less than 0.05 indicated
statistical significance.

Results

Effect of various substrates in raffinose-mKRB-egg yolk ex-
tender on fresh and frozen-thawed sperm (experiment 1a). The
first experiment in this series was aimed at assessing the effect
of various energy-yielding substrates in the raffinose-mKRB-
egg yolk extender on the motility characteristics of fresh and
frozen~thawed sperm. The motility of sperm added to the
medium without the substrates glucose, pyruvate, and lactate
was significantly (P < 0.05) lower than that of sperm added to
the medium containing all 3 of these substrates (control; Table
1); this result was obtained from both fresh and frozen-thawed
sperm. In contrast, the sperm motility and motion parameters
did not differ significantly between fresh and frozen-thawed
sperm when glucose-free and pyruvate-free solutions were
used. The medium that contained glucose, pyruvate, and lac-
tate resulted in the highest motility of frozen-thawed sperm.
The percentage of intact acrosomes did not differ significantly
among sperm treated with the various extenders for both fresh
and frozen-thawed sperm (Table 1).

Effect of lactate in raffinose-mKRB-egg yolk extender on fresh
and frozen-thawed sperm (experiment 1b). According to the
results of experiment 1a, lactate was the most effective agent
for increasing the motility of both fresh and frozen-thawed
sperm. We therefore investigated the effect of adding lactate at
0,10.79,21.58,32.37, and 43.16 mM to the raffinose-mKRB-egg
yolk medium on the motility of sperm. Sperm diluted in lactate-
free extender showed significantly (P < 0.05) lower motility
than did sperm diluted in extender containing 21.58 or 32.37
mM lactate (Table 2). The data revealed that sperm frozen in
the raffinose-mKRB-egg yolk extender containing 32.37 mM
lactate showed significantly (P < 0.05) higher motility after
thawing than did sperm frozen in substrate-free extender. The
proportion of sperm with intact acrosomes either before or after
thawing did not differ significantly among extenders containing
0,10.79, 21.58, 32.37, or 43.16 mM lactate.

Effect of ATP in raffinose—-mKRB—egg yolk extender containing
32.37 mM lactate on fresh and frozen-thawed sperm (experiment
1¢). The effect of adding 0, 0.92, 1.85, 3.70, or 5.55 mM ATP to
raffinose-mKRB-egg yolk extender containing 32.37 mM lactate
on the cryosurvival of the sperm are summarized in Table 3.
Sperm frozen in extender containing 32.37 mM lactate and 1.85
mM ATP exhibited significantly (P < 0.05) higher motility than
that of sperm frozen in ATP-free extender. The sperm frozen
and thawed in extender supplemented with 1.85 mM ATP
maintained significantly (P < 0.05) higher motility throughout
the 3-h incubation at 37 °C than did sperm frozen and thawed
in the ATP-free extender (Figure 1). The addition of ATP to the
extender increased the proportion of intact acrosomes in after
collected sperm, and among all concentrations of ATP tested,
the percentage of intact acrosomes was highest at 1.85 mM
ATP. Similar results were obtained for the acrosome status of
frozen—thawed sperm.

Effect of glucose, pyruvate, and lactate in raffinose-mKRB—egg
yolk medium on the oxygen consumption of sperm (experiment
2a). In the next series of experiments, we examined the effect
of the substrates glucose, pyruvate, and lactate in the raffinose—
mKRB-egg yolk medium on the rate of oxygen consumption
of sperm. Incubation of the sperm suspension with lactate-free
medium resulted in a significant (P < 0.05) decline in the rate of
oxygen consumption during incubation as compared with the
incubation of the sperm suspension with medium containing
glucose, pyruvate, and lactate (Figure 2). The oxygen consump-
tion of sperm in medium lacking any added substrates tended
to be decreased compared with that of sperm in the complete
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Table 1. Effect of the substrates glucose, pyruvate, and lactate in raffinose-mKRB-egg yolk extender on fresh and frozen-thawed sperm

Sperm characteristics Control -Glucose —Pyruvate ~Lactate Substrate-free

Fresh sperm Motility (%) 782+8.0 70.8+2.6 67.3+8.0 549+6.1 44.8 +£3.9?
VSL (um/s) 174+1.2 16.5+3.3 109+14 154+1.0 11.1+£19
VCL (um/s) 1242 +3.1 115.1 +8.6 1098 +1.9 1083 +29 1024 £4.1
ALD (um) 69+0.1 65105 65+0.2 6.5%0.1 58+0.3
BCF (Hz) 22.2+0.8 233+18 254+16 234+1.0 29.0+0.6
Acrosomal integrity (%) 84.5£29 762+19 79.6+4.9 771424 814+44

Frozen-thawed sperm  Motility (%) 215+14 232109 19.8+1.3 13.8 £2.42 13.7+1.5%
VSL (um/s) 39+04 3.2+05 3.9+04 39+03 44+08
VCL (um/s) 85487 71.8+47 89.2+13.2 778 £55 69.3+74
ALD (um) 42+0.5 33+02 41+05 3.8+0.2 32+05
BCF (Hz) 322437 31316 362+1.8 34109 31.7+25
Acrosomal integrity (%) 68.1+4.0 713+58 70020 64.1+53 706 +23

ALD, amplitude of lateral head displacement; BCF, beat cross frequency; VCL, curvilinear velocity; VSL, straight-line velocity.

Data are presented as mean + SEM (n = 3).

aValue significantly (P < 0.05) different from control value.

Table 2. Effect of lactate in raffinose-mKRB-egg yolk extender on fresh and frozen-thawed sperm

Lactate concentration (mM)
Sperm characteristics 0 10.79 21.58 32.37 43.16

Fresh sperm Motility (%) 47.4+49 463 +13.2 61.3+2.1 67.5+3.82 55.1+3.7
VSL (um/s) 125+17 8.8+1.0 165+2.6 123+1.2 9.8+3.0
VCL (um/s) 98.3+6.3 86.0+2.7 94.6 £10.0 929+3.1 95.9+6.5
ALD (um) 53+04 53+0.3 4810.6 47+03 51+03
BCF (Hz) 264+14 247+13 225+0.8 245+0.8 256+1.3
Acrosomal integrity (%) 759+0.5 717140 73.6+5.9 75.1+£05 71.8+1.8

Frozen-thawed sperm  Motility (%) 11.3+22 175+3.5 19.7+£2.8 22.3+4.0° 126 £4.3
VSL (um/s) 35106 28103 3.6+0.2 3.8+0.1 4905
VCL (pm/s) 78.6+8.2 75.0£3.5 785+4.2 95.0+14.1 1269+5.18
ALD (pm) 34106 33+0.1 35102 45+0.6 55+0.4°
BCF (Hz) 448+15 36.7+1.8 39.8+0.38 365123 429+2.1
Acrosomal integrity (%) 69.3£29 71.6£04 69.0£0.2 69.2+0.2 615+18

ALD, amplitude of lateral head displacement; BCF, beat cross frequency; VCL, curvilinear velocity; VSL, straight-line velocity.
Data are presented as mean + SEM (11 = 3).
#Value significantly (P < 0.05) different from control value.

medium. In contrast, oxygen consumption did not differ signifi-
cantly between sperm in glucose- or pyruvate-free media and
those in the medium containing glucose, pyruvate, and lactate.

Effect of lactate in raffinose-mKRB-egg yolk medium on the
oxygen consumption of sperm (experiment 2b). The respira-
tion capacity of sperm was tested after their incubation in a
lactate-free raffinose-mKRB—egg yolk medium or in a medium
supplemented with 10.79, 21.58, 32.37, or 43.16 mM lactate
(Figure 3). Oxygen uptake was significantly (P <0.05) higher in
sperm incubated in medium containing 32.37 mM lactate than
in sperm incubated in lactate-free medium.

Effect of ATP in the raffinose-mKRB-egg yolk extender con-
taining 32.37 mM lactate on the oxygen consumption of sperm
(experiment 2c). This experiment evaluated the influence of
supplementation of the raffinose-mKRB-egg yolk medium
containing 32.37 mM lactate with various concentrations of
ATP (0,0.92, 1.85, 3.70, and 5.55 mM) on the oxygen consump-
tion of sperm during incubation at 37 °C for 10 min (Figure 4).
When the medium was supplemented with 1.85 mM ATF, the

rate of oxygen consumption tended to be increased compared
with that in ATP-free medium, but difference is not significant.

Discussion

The present study demonstrated that an extender of raffinose—
mKRB-egg yolk containing 32.37 mM lactate enhanced the
metabolic capacity and survival of rat sperm after cryopreserva-
tion. The cryosurvival of rat sperm was further improved by the
addition of 1.85 mM exogenous ATP to the freezing extender.

When the oxidizable substrate lactate was not added to the
raffinose—-mKRB-egg yolk extender, the motility, viability, and
rate of oxygen consumption decreased considerably in both
fresh and frozen—thawed sperm. In contrast, sperm frozen and
thawed in extender supplemented with 32.37 mM lactate exhib-
ited higher motility than those frozen and thawed in lactate-free
extender. This finding indicates that exogenous lactate in the
freezing extender is a potent inducer that enhances the oxygen
consumption of rat sperm and their motility after collection
and freezing-thawing.
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Table 3. Effect of ATP in raffinose-mKRB-egg yolk extender containing 32.37 mM lactate on fresh and frozen-thawed sperm

ATP concentration (mM)

0 0.92 1.85 3.70 5.55

Fresh sperm Motility (%) 747+18 72.8+8.1 792433 73.8+6.6 55.6 £ 4.2°
VSL (um/s) 9.1+1.7 10.1£05 14.7 £3.3 79+0.6 84114
VCL (um/s) 110.2+£99 116.9£8.5 123.6+5.2 101.5+8.8 1049+79
ALD (um) 6.0£0.1 7.6+0.6 6.3+0.6 68110 57+04
BCF (Hz) 299+28 34017 29.7+27 329+2.6 31.2+15
Acrosomal integrity (%) 75.5+6.3 789+6.5 83.2+16 825+7.2 77.1+71

Frozen-thawed sperm Motility (%) 206103 246109 353+1.3° 269+14 25.7+7.2
VSL (um/s) 6.0+1.2 50+0.2 41106 441£06 3.0+04
VCL (um/s) 99.0£8.3 89.3+4.5 84.5+4.1 858+27 80.9+39
ALD (um) 52+08 44+04 43£0.1 43+0.1 34+0.1
BCF (Hz) 371£20 344+0.6 35.0+1.6 346+50 37.2+£22
Acrosomal integrity (%) 677123 68.4+8.8 70.6+4.6 61.7+£35 66.5+3.8

ALD, amplitude of lateral head displacement; BCF, beat cross frequency; VCL, curvilinear velocity; V5L, straight-line velocity.

Data are presented as mean * SEM (11 = 3).

aValue significantly (P < 0.05) different from control value.
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Figure 1. Effect of ATP in raffinose-mKRB-egg yolk medium contain-
ing 32.37 mM lactate on the (A) motility, (B) straight line velocity, (C)
curvilinear velocity, and (D) amplitude of lateral head displacement
of frozen-thawed sperm during incubation at 37 °C for 3 h. Data are
presented as mean + SEM (i = 3). ¥, Value significantly (P < 0.05) dif-
ferent from control value.

The sperm-specific enzyme lactate dehydrogenase isozyme C,
islocated in the cytosol and the matrix of the mitochondria in the
midpiece of rat sperm. Further, a study? has revealed thatbotha
shuttle involving the redox couple lactate-pyruvate and lactate
dehydrogenase isozyme C, are active in rat sperm mitochondria.
In another study,'? the lactate concentration in oviductal fluids
was 10-fold higher than the glucose concentration, and the
lactate concentration in the uterine fluids was 15-fold higher
than the glucose concentration during the murine estrous cycle.
Therefore, itis very likely that lactate is used by rat sperm as an
essential substrate to maintain highly regulated ATP production
and dissipation: lactate in the cytosol and mitochondrial matrix
is oxidized to pyruvate by mitochondrial lactate dehydrogenase
isozyme C,, and pyruvate is oxidized through the Krebs cycle
and electron transport chain. #5232 To our knowledge, our
findings are the first evidence showing that rat sperm can use
exogenous lactate in the cryodiluent as an essential substrate
to maintain highly regulated metabolic capacity and that this
lactate acts as an energy substrate for mitochondria to the mo-
bilization of fresh and frozen-thawed sperm.

Figure 2. Effect of glucose, pyruvate, and lactate in raffinose-mKRB~
egg yolk medium on the oxygen consumption of fresh sperm during
incubation at 37 °C for 10 min. Data are presented as mean * SEM (11 =
5). *, Value significantly (P < 0.05) different from control value.

Mitochondria, the site of ATP generation due to oxidative
phosphorylation, are localized solely in the midpiece of sperm.”
The oxidative production of ATP through the Krebs cycle is
an essential function of the midpiece mitochondria for motil-
ity.3! The mitochondrial biochemical pathways of oxidative
phosphorylation are 15 times more efficient than is anaerobic
glycolysis for ATP production.”*® These findings also support
our arguments that the energy production and dissipation in
rat sperm are highly dependent on the mitochondria.

The present study showed that supplementation of raffi-
nose-mKRB-egg yolk extender with 32.37 mM lactate and
1.85 mM exogenous ATP considerably increases sperm motil-
ity before freezing, thus improving the survivability of sperm
after cryopreservation. Exogenous ATP in the freezing medium
may be responsible for the generation of multiple metabolic
signals that appear to be related to the sperm motility through
a rise in calcium levels; 101718202527 thig reaction increases de
novo ATP synthesis before freezing and may contribute to the
remobilization of sperm after freezing—thawing. The motility of
ram sperm was restored by exogenous ATP that crossed plasma
membrane when the membrane was damaged by cryopreser-
vation.!® In light of that finding,'® we cannot discount that our
result is caused by the facultative transport of ATP across plasma
membrane because of damage during freezing, thereby allow-
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Figure 3. Effect of lactate in raffinose-mKRB-egg yolk medium on
oxygen consumption of fresh sperm during incubation at 37 °C for
10 min. Data are presented as mean * SEM (1 = 5). *, Value signifi-
cantly (P < 0.05) different from control value.
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Figure 4. Effect of ATP in raffinose-mKRB-egg yolk medium contain-
ing 32.37 mM lactate on oxygen consumption of fresh sperm during
incubation at 37 °C for 10 min. Data are presented as mean + SEM (1 =
5). *, Value significantly (P < 0.05) different from control value.
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ing substrates to directly access ATP and allowing adenosine
triphosphatase to use ATP directly to generate energy for the
mobilization of rat sperm.

In conclusion, the current study demonstrated that the addi-
tion of lactate and ATP to the raffinose-mKRB-egg yolk extender
before freezing increases the number of motile sperm and medi-
ates the energy-dependent synthetic processes of rat epididymal
sperm. In turn, these effects may increase the cryosurvival of rat
sperm. Further investigation of species-specific differences in
the energy-dependent synthetic processes in sperm may prove
valuable in defining the ideal components of a cryodiluent,
which interact to regulate the cryosurvival of rat sperm, and
in clarifying the adaptations needed for cryopreservation of
sperm from other species.
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A birth from the transfer of a single vitrified-warmed
bhlastocyst using intracytoplasmic sperm injection with
calcium ionophore oocyte activation in

a globozoospermic patient
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Toshihiko Kyoya, B.S.," Takayuki Ishikawa, Ph.D.," Hiroyuki Abe, Ph.D.,° and Yasuhisa Araki, Ph.D.©
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Objective: To present the effectiveness of diagnostic heterologous intracytoplasmic sperm injection (ICSI), mouse
oocyte activation test (MOAT), and ICSI combined with assisted oocyte activation (AOA) in a globozoospermic
patient.

Design: A case report.

Setting: A private IVF center, Japan.

Patient(s): A patient with globozoospermia:

Intervention(s): MOAT in a mouse and ICSI combined with AOA in a human.

Main Outcome Measure(s): Ultrastructure, MOAT, fertilization, and pregnancy.

Result(s): The transmission electron micrographs showed 100% round-headed spermatozoa lacking an acrosome.
MOAT showed that the fertilization rate was 68.4% (13/19) when AOA was used but 0% (0/19) when AOA was not
used. After the diagnosis of globozoospermia and sperm-related activation deficiency, 17 human mature oocytes
were activated with calcium ionophore after ICST was performed. The fertilization rate was 88.2% (15/17), and 11
blastocysts were cryopreserved using the vifrification method fo prevent severe ovarian hyperstimulation syn-
drome. A single vitrified-warmed blastocyst was transferred. A gestational sac with fetal heart movements was rec-
ognized, and a healthy boy weighing 3180 g was born at 40 weeks of gestation by cesarean section without any
congenital abnormality.

Conclusion(s): MOAT allows discrimination between sperm- and oocyte-related fertilization failures and shows the
effectiveness of AOA. (Fertil Steril® 2009;91:931.¢7-e11. ©2009 by American Society for Reproductive Medicine.)

Key Words: Globozoospermia, calcium ionophore A23187, strontium chloride (SrCL), ICSI, diagnostic heterol-

ogous ICSI, assisted oocyte activation (AOA), round-headed spermatozoa, lack of an acrosome

Globozoospermia is a rare (incidence <0.1% in male infer-
tile patients) form of teratozospermia, mainly characterized
by round-headed spermatozoa that lack an acrosome. It
originates from a disturbed spermiogenesis, which is known
to be genetic. These sperm lack acrosomal membranes and
acrosin contents, so they are unable either to penetrate the
zona pellucida of an oocyte or to fuse with the oolemma
in vivo or in vitro. However, intracytoplasmic sperm injec-
tion (ICSI) has opened up new possibilities to couples with
male factor infertility caused by globozoospermia (1-9).
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However, ICSI with globozoospermic cells is generally
less successful compared with typical ICSI (10). Rybouch-
kin et al. (11) discovered that fertilization was improved
when a calcium ionophore was used as well. They sug-
gested that the sperm-associated oocyte-activating factor
that normally causes the Ca”" flux required for fertilization
might be absent or down-regulated in globozoospermic
sperm. We report a successful case of pregnancy and deliv-
ery from a transfer of a single vitrified-warmed blastocyst
after performing ICSI and assisted oocyte activation
(AOA) in a patient with globozoospermia and asthenozoo-
spermia.

CASE REPORT

Informed consent was obtained from the couple before the
study. The couple, with primary infertility of 2 years’ dura-
tion, was healthy and had no physical issues except for the
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FIGURE 1

Kyono. Birth from a globozoospermic patient. Fertil Steril 2009.

Round-headed sperm morphology in a globozoospermic patient. (A) Normal sperm morphology, control aspects
by light microscope. (B) Round-headed sperm morphology of a patient by light microscope. (C) Round-headed
sperm morphology of a patient by electron microscope.

husband’s semen characteristics. A Kruger test showed 100%
round-headed sperm with abnormal morphology. We diag-
nosed the husband as having globozoospermia by electron
microscopy. Since we confirmed the efficacy of AOA by
mouse oocyte activation test (MOAT), ICSI with AOA was
performed for human oocytes.

MATERIALS AND METHODS
Patient History (Anamnesis)

Before this study, we obtained informed consent from the
couple and approval from the Institutional Review Board
for this study. A 29-year-old woman and her 30-year-old hus-
band presented with primary infertility of 2 years’ duration.
The couple was healthy and had no physical issues except
for the husband’s semen aspects. The fertility of the wife
was completely normal. Semen analysis showed normal
values in volume (2.0 mL), concentration (38 x 106/mL),
and motility (39%), which proved asthenozoospermia, and
the analysis also showed 100% round-headed sperm with ab-
normal morphology on light and electron microscopy
(Fig. 1). The karyotypes of the couple were 46,XX (wife)
and 46,XY (husband) on peripheral lymphocytes.

Fixation and Observation for Electron Microscopy

Sperm were processed for transmission electron microscopy
using the method described elsewhere (12), by which they

Kyono et al.
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were collected with centrifugation and fixed in chilled
2.5% glutaraldehyde (Wako; Osaka, Japan) solution in 0.1
M phosphate buffer, pH 7.4. After they were washed with
chilled 0.1 M phosphate buffer, the sperm were postfixed in
chilled 1% osmium teroxide (Taab Laboratories Equipment
Ltd., Berkshire, UK) in 0.1 M phosphate buffer, dehydrated
in a series of graded ethanol, and embedded in epoxy resin
(Taab Laboratories Equipment Ltd.). Ultrathin sections
were cut with a diamond knife using an ultramicrotome
(Reichert Ultracuts, Leica; Heerbrugg, Switzerland), stained
with uranyl] acetate and lead citrate, and examined by a trans-
mission electron microscope (IEM-1210, Jeol; Tokyo,
Japan).

MOAT

Preparation of mouse oocytes Mature B6D2F1 female
mice, 8-12 weeks of age, were superovulated by IP injections
of 5 IU pregnant mare serum gonadotropin (PMSG) followed
by the administration of 5 IU hCG 48 hours later. The mouse
oocytes were collected from the oviducts of the females 14—
16 hours after the hCG injection. The oocytes were freed
from cumulus cells by pipetting in a Hepes-human follicular
fluid medium (Hepes-HFF99; Fuso Pharmaceutical Indus-
tries, Osaka, Japan) supplemented with 10% synthetic serum
substance (SSS; Irvine Scientific, Santa Ana, CA) and 60 IU/
mL bovine testicular hyaluronidase (Sigma Chemical Co., St.
Louis) at 37°C. These oocytes were rinsed and kept in an HFF
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