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Summary

The in-vitro fertilization in human clinic and animal reproduction is a very important technique but the

rate of success is still low.

When the in-vitro fertilization and culture of gametes or embryos were done under the condition which

Hema hydrogel chamber were implanted into the peritoneal cavity of mouse, the in-vitro fertilization and

development of embryos could be significantly improved and the cell-block under in-vitro culture could be

overcome. Also, the Hema hydrogel chamber was very useful for the protection of isolated blastomeres.

It is concluded that the polymerized Hema (pHema) hydrogel chamber may be effectively used in the fields

of embryo transfer and in vitro fertilization.

M

rhu

EHEE 7] do) w3t A ao] Bk A 9ol Ao
Aol golg wrol A5l osf g gL
ach, o doprbA, A4 ARERR 2 BHETE
of Aer 2948 72+3 glch

A9 FAE E7, uh$2, rat, golden hamster,
Chinese hamster, gerbil, 119¥Fo], 7, 2= @ Al o
A o]go] Aot vt Aol FHE pe} efof
EE ZA7R9) g AEEE E7 R FHdA o
20% 14‘10114 ag]3 sedeE oE -‘4
9] vl 299 ¢ xel
ATIREE 2 T RS-

b

=7

d

Hm*“*

23

dr 1
Homn ok
,\1

=~
L Al
[ L
o,

i

o] O

n,
ol
RIS
114
T
i
)
—‘~

HH

Ol
O,

-

)

A
>

B

[
—_

4=
i eprt,
7) npg-220 H7bel ojaz
Fuj712e] wekg Aotk | agar chip A
nude blastomere o] @ 7 0.2 2] A H )
gto} Fm, Y7184, chipse FLHE F

=S

=
9l blastomereSS YAlE BESCE " E

ﬁl-ﬂ

O
E
-
T:
o
=2

4> to

g7sm, o A% F
o #alz faEt

A dE gol oA SrE BT e 3]
o], Aol AMEE 4= S, 2El 1 Al FE vA
2 9+ hydrogelo]t},

7)o A FERA 3tE W8S hydrogel chember
o] Az, chamber Woll K] 44 2 wj< “12] 51
chamber2} o] & 7}s/dol #3 AEoIT,

Hydrogel chambers2| X|Z= bt

PHema?] formulation % PHema chamber& 9]+
urgAl el M2l Fig 1 9 Fig 294 ¥t
Hydrogel chamberi= monomer 4] lowacid Hema
& cross linkers2 2]+ tetraethylene glycol dimet-
hacrylate (TGD), ethylene glycol (EG)E& A}&3tc}
(Polysciences Inc.,, Warrington PA). Chamber&
&3}7] 9)5tdd, 3702 fAg FHBkL AP
°ﬂ A7t SNA - 10ml9] Hema, 0.1ml TGD,



30ml EG ¥ 20m] %9 &35 £AB- =5
4~ 100mlell 40g-& 2313 1.0ml ammonium persu-
lfate (initiator): &AC— ZHFF 100mlo] 15g<
2318 1.0ml sodium metabisulfite (coinitiator). z}
HH L A2 1587 purgedtr, WHSA S T8l
el e

Hydrogel chamber: 71mm Zlo], 3.5mm 2 7 9}

Components ml
Monomer :

2-Hydroxyethyl Methacrylate (HEMA) 10
Crosslinkers:

Tetraethylene glycol dimethacrylate (TGD) 0.1

Ethylene glycol (EG) 3.0
Distilled Water 20
Initiator :

Ammonium persulfate, 40g / 100ml water 1.0
Co-initiator:

Sodium metabisulfite, 15g / 100ml water 1.0

* Lee et al, J. Bioengineer., 2:269-278, 1978.
Fig. 1. PHema formulation*

0.5ml ©ls#elFA}7](No, 8471, single use, plastipak
LO-dose U-100: Becton Dickinson, NJ)Z 41 2-of 4]
Abgated FE el FAR]R A Asta, Syringe®
HE] plungerE #uo], plunger £ol 2i= gasket
g Rt tha] WmAlA FdAIFE o2, plunger
of Hal JUQ gasketo] F-ito] FA] W tE A
3, AL gasket®E FA7]9] 50 unit marke]
A A h:} 1.5mle] 9 A, 0.lmle} &B =

0.lmle] 8ACE 3ml9) polyethylene syringe Weoll A
16“19‘4’\1 Fg A FApd FYA lEY
FA7)o) 0.5mle FHEFES AL F T L7mm
A7 9] Teflon tubing (Cole Parmer International,
Chicago, IL)S #&, 56cm Zo], 0.9mm 2 7]
stainless steel red & FAI AAR B S Edlo] E3}4]
A, ¥ EFES AFA gasketol] HEFAHA
polymerizing gele] hollow chamberE HAX =&
&ttt Steel rod7F So & Teflon tubinge FA}3]
A A2 3} gasket o] W7ol o)s} A barrele] 4ol
AAAIZIth 4em Zol9, 35mm A7 stainless
steel rodE FA}7] barrel®] flanged endel 49) A7)

1, FAL7]E neoprene stoppers Abolel]l 71911 pipe

Tube A Mix in a 20 ml glass tube: 10 ml pHema* 0.1 ml TGD', 30 ml EG', and 2.0 ml distilled water. Purge

with nitrogen for 15 min. Molanity of crosshinker in hema=3.72 M.

Tube B Place 1.0 ml of a 1.75 M ammoniurn persulfate solution in a 5 ml glass tube. Purge with nitrogen for 15

min,

Tube C Place 1.0 ml of a 0.79 M sodium metabisulfite solution in a 5 ml glass tube. Purge with nitrogen for 15

min,

1. Take 151 ml of mixture from Tube A, 0.1 ml from Tube B, and 0.1 ml from Tube C, and mix within a 3.0 ml

polyethylene syringe, Polymerization of Hema begins as soon as the initiator (Tube B) and co-imitiator (Tube C)

are mixed with the monomer (Hema) and crosslinkers. Therefore, mixing of A, B, C, should be done rather

rapidly.

Do

. Fill each casting insulin syringe with 0.5 ml of the polymerizing mixture in the 3.0 ml polyethylene syringe, This

volume of the mixture is sufficient to fill 3 insulin syringes and make approximately 15 chambers.

w

Apply pressure for 15 min.

*Hema=2-Hydroxyethyl methacrylate, low acid.
*TGD=tetraethylene glycol dimethacrylate.
"EG==ethylene glycol.

Fig. 2. Handling of reactants for pHema chamber
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Fig. 3. PHema hydrogel chamber for the in vitro fertilization of embryos. Schematic representations of
the chamber dipicting general features and measures.

tubing (Dow Corning Corp., Medical Products, MI)
chamber& FA3=&
Ahg-gioh(Fig. 3).
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Table 1. Development of one-cell rabit embryos during 72 hr of in vitro or in vivo culture in saline-filled

pHema hydrogel chambers

Number of embryos

Treatment

Cultured Degenerated Retarded® Morula Blastocyst
In wvitro controls 119 119 0 0 0
Male mouse 119 12 10 72 25
Female mouse 119 10 18 23* 68*

8Embryos that cleaved beyond the one-cell stage but did not advance to the morula stage.
*Significantly (p<0.0005) different from the corresponding in vovo treatment group.

(Pollard and Pineda, 1988)
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Table 2. Viability after transfer of rabbit embryos cultured in vivo in saline-filled pHema hydrogel ch-

ambers
Sex of Number & stage of Offspring
Recipient intermediate embryos transferred Uterine Fetuses? born
mouse recipient Morula Blastocyst horn alive
1 Male 7 3 Left 0 -
Female 1 9 Right 0 -
2 Male 8 4 Right 0 -
Female - 11 Left 3 3
3 Male 6 2 Left 0 -
Female — 9 Right 3 3
4 Male 10 1 Right 0 =
Female - 13 Left 4 4
5 Male 7 1 Left 0 -
Female 7 — Right 0 -
6 Male 7 2 Right 0 —
Female 1 7 Left 2 2
7 Male 11 2 Left 1 1
Female 3 9 Right 4 4
8 Male 5 5 Right 2 2
Female - 9 Left 4 1
9 Male 7 1 Left 0 -
Female 6 - Right 0 -
10 Male 4 4 Right 0 -
Female 5 1 Left 0 -
Total Male 72 25 - 3 3
Female 23 68 - 20 20

2Determined by laparotomy on day 25 of gestation,

(Pollard and Pineda, 1988)



Table 3. Frozen-thawed bovine sperm motility (25) in Hydrogel chambers implanted in the peritoneal

cavity of intermediate mouse recipients

Duration of preservation (hours)

Bull No.
0 6 12 18 24
i 32 25 15 8 5
2 28 23 11 7 3
3 40 27 13 9 5
4 35 24 12 6 2
Mean + S.D. 33.8*%* +5.06 248 £ 1.71 128 £ 1.71 75+ 129 38+ 150
**5<0.01 (Kim, 1989)

Table 4. Rabbit sperm motility (95) in Hydrogel chambers implanted in the peritoneal cavity of inter-

mediate mouse recipients

Duration of preservation (hours)

Rabbit No.
0 6 12 18 24
1 9% 70 37 23 1l
2 75 55 24 12 7
3 80 65 26 18
4 70 60 28 12 3
5 85 70 31 16 10
Mean + S.D. 81.0** &+ 9.62 64.0 £ 6.52 29.2 4 5.07 162 £+ 460 74 £ 321
**p<0.01 (Kim, 1989)
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Table 5. Fertilization and culture of rabbit oocyte
in Hydrogel chamber implanted in the
peritoneal cavity of intermediate mouse

recipients.
Oocyte donor  Degenerated Molura Blastocyst
1 2 10 6
2 3 7 8
3 3 3 12
4 3 2 13
(Kim, 1989)
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1. Transport of embryos in intermediate recipients

2. In vivo culture of isolated blastomeres in partitioned
pHema chambers

3. Maturation of follicular oocytes and spermatozoal cap-
acitation

4. Collection of body fluids containing growth factors

5. Evaluation of influence of agents on embryo viability

6. In vivo culture of certain cells or tissues

Fig. 4. Potential uses of PHEMA chambers

PHEMA Chamber

%@@@@@@O%

Loaded with 1- or 2-cell cow, ewe, sow embryos implanted in:

The peritoneal cavity of female mice

Mice or rabbits are shipped air freight,
while the embryos are incubated for 72

to 96 hours in the intermediate recipient.

S

The oviduct of rabbits

Embryos develop from the 1- or 2-cell
to the blastocyst stage during the trip and

are ready for transfer at the time of arrival to:

Sl B

Fig. 5. Transport of embryos in intermediate recipients
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During a period of in vivo culture (mice peritoneal cavity or rabbit oviduct), the isolated blastomeres develop to

blastocysts. These could then be transferred to appropriate recipient(s) for gestation to term.

Fig. 6. In vivo culture of isolated blastomeres in partitioned PHEMA chambers
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100,000 to 300,000). 1
Oocyte méturétion 2 - Spermatozoal
and fertilization - capacitation

Incubation In vivo

Embryo 7 @ -, Degenerated
Z @ R‘x‘: spermatozoa

The whole process of oocyte maturation, spermatozoal capacitation, fertilization and subsequent embryonic development
could be achieved within PHEMA chambers, while the chambers are incubated in vivo in appropriate hosts,

Fig. 7. Maturation of follicular oocytes and capacitation of spermatozoa

% PHEMA chambers can be cast in any size or shape and
2 the formulation of the chamber can be modified to inc-

rease or decrease diffusibility.

g \ Peritoneal cavity of mice The Chamber can be placed in a variety of species and

or of other species sites known to support embryonic development.

(}\., Oviducts of rabbits and

ewes or other species or After an appropriate period of in vivo culture, the cha-

mber is withdrawn from its implantation site and the
) /'l-(’ [ %ﬁ. contents are used to prepare culture medium for embryos
or to isolate and identify growth factors.

inplantation sites

Fig. 8. Collection of body fluids containing growth factors
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% @ @ opriate intermediate recipients to evaluate the effects of exposure
% on embryonic development by dye-exclusion assays.

By transfer to appropriate recipients for gestation (evaluation of
fetuses) or for the obtainment of live offspring.
T O

Fig. 9. Evaluation of influence of agents on embryo viability

Embryos at early (1- or 2-cell) stages of development can be

exposed, intermittently or continuously, to environmental or toxic

NN

Tumor, endocrine, or other cells or tissues and bacteria could be cultured in vito within PHEMA chambers implanted
in the appropriate site and recipient.

/K /

// To isolate and identily nondiffusible factors produced by

or
the cells /

To determine the effects, on the host, of factors diffused from the chamber:

1. Antigens (vaccines, cancer?)

As a source of cells

2. Hormones; treatment of certain diseases (diabeles?)
3. Other factors

Fig. 10. In vivo culture of cells or tissues
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