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PRI NC I PLE A ND  C LIN IC A L SI GNI FI C AN CE: 

T he  mouse has pr oven to be  a  good mode l f or  ma ny huma n I VF pr oc edure s, including embr yo culture .
T he  c ultur e  of mouse  embr yos ha s be e n shown to be a  sensitive  qua lity c ontr ol te st of  me dium and
e quipment use d f or  the inc ubation a nd culture  of  huma n gamete s.  A  r egula r Q C assay using mouse 
e mbryos should help to ma intain optima l c ultur e conditions in a  huma n A ssisted Re pr oductive 
T ec hnology (A RT )  labora tor y.  T he  I V F La bor atory must be  e nr olled in a ny pr oficie nc y testing pr ogr am
off er e d to be  in c omplianc e with gover nme nt r e gula tions; the  culture  of  mouse zygotes, a s outlined in
this proce dur e, ca n be use d to pa rta ke  in this prof ic ie ncy te st.

EQU IPMEN T A ND  MA TERI A LS :

Equipm ent: 
1. I ncuba tor  -  CO 2 inc uba tor a t 37oC with optimally, a  static or  flow -through humidifie d
atmospher e of 6% CO 2: 5%  O2: 89% N 2.  A  re gular  5% CO2 in air  incuba tor  w ill a lso w ork but is
not optimal.

2. D issec ting scissors a nd wa tchma ker s for ce ps for c ollec tion of  mouse r eproduc tive tra cts.

3. T issue  culture  grade syr inges, pipettes, tubes, c ultur e dishe s a nd filtering de vices.
The rec ommende d syr inges ar e the  a ll plastic , non-pyrogenic  type  with no lubr ic ant
fr om Air- Tite, Virginia Bea ch, V A.  Pipettes and culture dishe s are  f rom Falc on (1 ml
pipette cat. no. 7521; 5 ml pipette cat. no. 7543; 10 ml pipette cat. no. 7551; tissue
culture dish 60 x 15 mm cat. no. 3002; petri dish 60 x 15 mm cat. no. 1007; organ
culture dish cat. no. 3037). Tubes are from Falcon (14 ml -  Falcon #2057:  4 ml -
Falcon #2054).   Flasks from Falcon (70 ml, cat. no. 3082; 250 ml, cat. no. 3083).
Filters are from Gelman Sciences (Acrodisc, pore size 0.2 um, cat. no. 4192).  A
mechanical or, preferably, electrically powered pipette aid (eg Drummond
Scientific, model no. 400100) is used with the 1, 5, and 10 ml pipettes.

M at er ials: 
1.  Pr egna nt ma r e se r um gona dotropin ( PMSG; G e styl, D iosynth, Chic ago or Sigma  Chemic a l
Co. a lthough Sigma 's pr oduct c a n ha ve a low er  bioa c tivity) .  A se r um gona dotropin pre par ation
c alle d P.G . 600, mar keted by I nte rve t Inc , Millsbor o, D E  19966, a nd distr ibute d by loc al
veter ina ry supply compa nie s, e g. JRG  Supply, Str atf or d, Iowa  50249 ( Te lephone 800-354- 7433
or 515-838- 2414)  is a lso e ff ec tive.  Make  up to 50 U/ml in 0.9%  ( w /v) saline  a nd stor e  f roz en in
3 ml a liquots in 4 ml Falc on #2054 tubes.

2.  H uma n c horionic gonadotr opin (hCG; Sigma or equivale nt c linic a l supplie r ).  Make up to 50
U /ml in sa line a nd stor e f roze n in a ppropriate  a liquots.

3.  Commer c ia lly pre par ed IV F medium or e quiva le nt in-house produc ed pr oduc t.

4.  Bovine  se rum a lbumin ( BSA; Sigma  Che m Co, Pr oduct N o. A9647).

5.  H yalur onida se (Sigma Che m Co, T ype  I - S, Pr oduc t N o. H- 3506) .  Ma de  up to 200 U/ml in
H epes- buff e re d H TF me dium conta ining 5 mg/ml BSA , f ilte r  ste r iliz e d (A c rodisc, 0.2 mm pore 
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siz e, Ge lma n Sc ience s, Pr oduct No. 4192)  and store d f roz en in 2.5 ml a liquots in 4 ml Fa lc on
#2054 tube s.

6.  Paraffin oil [EACH LOT HAS TO BE QC TESTED WITH MOUSE
EMBRYOS . Equilibrate with 10% (vol/vol) HCO3-buffered HTF, place in 6% CO2

in air incubator overnight, replace medium with fresh batch the next morning and
store in CO2 incubator with lid of container loosely in place to allow gas
equilibration.
Other sources of oil are Squibb, Fisher Scientific and Sigma Chemical Co.

7. F1 f ema le  hybr id mice, 4-5 we eks old.  The  stra in curr ently be ing use d is B6C3 F1 fr om
Simonse n Labor atory or  Char le s River La bs.  The  stra ins B6CB F1 and ( SJL  x DBA)  F1 have 
also be en used.  Other  F1 hybrids also wor k, as do mic e f rom other comme rc ial suppliers.
F1 stud male s, 8 - 10 we eks old ar e pur cha se d, house d one  per box a nd used over  the following
18 months.  Ea ch ma le should have at le ast two da ys’  a bstinenc e betwe en ma tings for optimal
re sults.

8.  Fr oz en mouse  e mbr yos a re  a lso a vaila ble  f r om c ommer c ia l sourc e s.  Follow  the  supplie rs
instr uctions for  tha w ing a nd w a shing the  embr yos.

P re par at ion:
1. F1 f emale  mice  a re super ovula te d by giving intraper itone al (ip) injec tion of  10 U    (0.2 ml)
PMSG  or  P.G. 600, f ollow ed 48 hour s later by 10 U  (0.2 ml) hCG .  These injections ar e given
be tw een 12.00 noon and 6.00 pm, usually ar ound 3.00 pm.  Af ter  the hCG injection, ea ch fe male
is plac ed individua lly w ith a  stud ma le  and che cked the f ollow ing mor ning for  succ essful mating
as e videnced by the  pr esenc e of a vaginal copulation plug.  The plugged fe males ar e brought to
the labor atory for ooc yte c ollec tion.

2. Medium or  D evice  unde r test
If  a  de vice, such a s a  c atheter, dish e tc, is under te st, it is rinse d w ith test medium or tre ate d with
me dium in an a ppr opria te  fa shion a nd the r esulting tre ate d medium tested.  This me dium will
normally conta in 5 mg/ml BSA.  Protein- fre e medium may also be  tested if  deemed appr opr ia te.

Me dium for testing is pr epa re d the  da y bef or e z ygote s will be culture d by dissolving 5 mg/ml
BSA into the  medium, f ilter  ster ilizing the medium, placing 10 ul a liquots of  the me dium using a
10 ul Pipetman pipe ttor (Gilson)  in a  35 mm dia me ter  tissue  culture  dish ( eg Corning Tissue
Culture  D ish, Product No. 25000)  a nd cover ing the  10 ul drops of  me dium with 2.5 -  3.0 ml of 
equilibra ted para ff in oil.  T he culture  dish is then plac ed in the incubator under  a n humidified
atmospher e of 6% CO 2: 5%  O2: 89% N 2 a t 37oC and a llowe d to equilibrate ove rnight.  A  simila r
culture  dish c ontaining droplets of protein- fre e medium may also be  prepar ed.  The  c ultur e dishes
ar e pla ce d w ith the ir lids displac ed on the dishe s to allow  for ade quate  gas excha nge.
The medium is usually pr epa re d in 10 ml lots in c apped polystyre ne tubes ( Falcon, Pr oduct No.
2057).

P er for manc e  P ar ame te r s: 
In medium containing 5 mg/ml BSA , at le ast 80% of  the embryos which have  progre sse d thr ough
the 2-c ell sta ge (this is e vidence  of  f ertiliza tion)  should re ac h the  fully e xpanded blastoc yst ( FE B)
stage a fter 96 - 108 hours of  culture .  In protein-f re e medium, at le ast 50% of  the zygotes should
re ac h the  FE B sta ge .

Storage Re quire m ents: 
When not in use, all media not c ontaining pr ote in is stor ed at 2-8oC for up to four we eks before 
be ing discar de d.  O nce  BSA ha s bee n a dded, medium is kept in the  incubator  at 37oC under 
humidif ie d 6% CO2 in air  f or up to f our  days.



Any labels put on c ontainer s or culture  dishes should be se lf- adhesive, re movable la bels (eg
Aver y D ennison, Produc t No. S-812)  and all w riting should be w ith a  lead penc il.  Ma rking pe ns
ar e never  to be use d.  T he tubes of medium a nd culture  dishes ar e labelled with contents, lot
number and date of pre pa ration.

C ALIBR ATION :

Standard P r epar ation: 
Tw o samples of  me dium, one known to have given a positive  r esult within the past 50 days, and
one known to have  give n a negative  re sult shall be pre par ed for testing in the same manne r a s the 
sa mple me dia  unde r test.

C alibr at ion P roc edur e :
The sta ndard positive and a  nega tive culture  me dium (or one  that ha s bee n adultera te d w ith
formalin to pr oduce  ne ga tive results)  need to be pre pa red a nd run e ac h time a  sample  is tested.
The positive  c ontrol medium needs to ha ve a result of at le ast 80% FE B development a nd the
ne ga tive contr ol should have a FEB de ve lopme nt ra te of  be tw een 0 and 65% .
If  these levels a re  not met, the  r un ne eds to be repea ted using new  positive and negative  controls.
If  the contr ols in the  r epe at run aga in fa il, the  incubator  ne eds to be cleaned  a nd othe r a ppropriate 
re me dia l action w ith other equipme nt should be under ta ken.

QUA LITY CON TR OL: 
A known positive and a  know n negative  c ontrol medium,  must be  r un every test period.
The results for the  controls and test spec imens c an be  ente red in a n appropriate data base.

P ROCED UR E -  STEP WISE: 

1.  Plugged fe males ar e kille d the  morning the copulation plug is f ound for the  collection of 1-c ell z ygote s.
The anima ls ar e sac rif ic ed be twe en 9.00 am a nd 12.00 noon by c er vic al disloca tion, killing betwee n
one and thre e anima ls at a time.  The  f allopian tube s are  dissec ted out fr ee of  connective tissue  using
dissecting scissors and watchmaker s f or ceps which ha ve  be en soaked in 70% alc ohol and f la me
ster ilize d.  T he fa llopian tubes a re place d in a 35 mm culture  dish c ontaining betwe en 0.5 a nd 1.5 ml of 
hyaluronidase solution w hic h has been w armed to a bout 35oC on a wa rming plate.  T he oocyte- 
cumulus c omple xes a re disse cted out of the  a mpulla r egion of the  fa llopian tube  and into the 
hyaluronidase using a disposa ble , ste rile 26 ga uge nee dle  c onnec ted to a  1 ml syringe a nd a pa ir of 
wa tc hma ke rs force ps.

2.  After  all the  oocyte s have bee n c ollec te d or within 20 minutes, those ooc ytes conside red to be via ble
zygotes, as judge d by morphologica l f ea tur es such as a  se cond polar  body, pronucle i and r easonably
na rr ow pe rivitelline spa ce, a re colle cted fr om the hya lur onida se  solution using a finely dra wn glass
pipe tte  c ontrolle d by mouth suction.  T he zygotes ar e the n washe d thr ough thr ee  changes of H epes- 
HT F medium w ar med to a bout 35oC and  conta ining 5 mg/ml BSA  ( 3 ml/wa sh)  a nd store d in a 50- 
100 ul dr op of  similar  medium unde r par aff in oil in a 35 mm culture  dish on a  w arming pla te at 32-
37oC.  The  w ashing medium in the  dishes is cove red w ith 1.5 ml pa ra ffin oil.

3.  Whe n all the wa she d zygotes ha ve be en colle cted, the numbe r chose n f or  culture  in e ac h c ultur e dish
ar e colle cte d and w ashed through thre e 100 ul drops of  the equilibr ated me dium in which they a re to be 
culture d.  T he se dr ops a re se t up under  oil in a 35 mm culture  dish, quickly cover ed with oil bec ause
the medium is usually bicar bonate buf fe red a nd will lose CO 2 if lef t exposed to air for  more  than 2
minutes, and take n to the dissec ting microsc ope  a long with the  c ultur e dish c ontaining the medium



unde r test.  T he zygotes ar e the n colle cte d, thor oughly w ashed through the  thre e 100 ul drops of
me dium and pla ced in the  culture  drops at a density of  10 z ygote s per  10 ul.  T he culture  dish is then
re turne d to the inc uba tor a s soon as possible.

     A minimum of  40 z ygote s per  test should be  incuba ted.

4.  If the z ygote s are  to be cultured in protein- fre e medium, they ne ed to be  w ashed through f ive  c hange s
(2.5 ml/w ash) of He pes-H TF conta ining 1 mg/ml polyvinylpyrr olidone (Sigma Che m Co., Product No.
PV P- 40) .  The embryos ar e the n pla ced into the culture  dr ops of prote in- fr ee me dium at an embr yonic 
de nsity of 20 per  10 ul.

5. Scor ing of Development  The day that culture  is initia te d is assigned the te rm Da y 0 ( D0) .  On the
morning of D 1, the embryos ar e scored f or cleavage to the  2-ce ll stage.  T hose tha t rea ch this stage a re 
conside re d to be fe rtilized.  Those ooc yte s tha t do not c le ave  a re invar ia bly unfe rtilize d.

     On D 4 ( 96 hour s of culture) , most embryos will ha ve re ached the fully expa nde d bla stocyst stage a nd
the numbe r r ea ching this stage should be r ec orded.  The next mor ning on D5, a  f ew slow de veloping
(< 5% ) e mbryos may a lso have  r eac he d the  FE B sta ge  and the se  ca n be added to the  fina l score if 
de sired but this ra rely makes any dif fe rence  to the final outc ome if the  f ina l score  is take n at 96 hour s
of  c ultur e.  Comple te ha tching of FEBs from the  z ona  pelluc ida  begins on D 4 a nd is c omple ted by D 8.

C ALCU LATION S: 

The per ce nta ge  of  z ygote s w hich de velop to the fully e xpa nded blastoc yst stage is ca lcula ted by taking the
number of  embr yos w hic h rea ch the FEB stage, dividing by the number  of e mbryos which re ac hed the
2- ce ll stage  a nd multiplying by 100.  T hus if 50 ooc ytes ar e c ultur ed, 45 rea ch the 2-c ell sta ge and 40
de ve lop into FEBs a t 96 hours of  c ultur e, then the %  blastocyst rate is 40/45 x 100 = 89% .

R EP OR TIN G R ESULTS: 
Use the  f ormula given in the CAL CU LAT IO NS se ction above.
All QC re sults must be  r eta ined for a t lea st tw o yea rs.

P ROCED UR E N OTES: 
Some  of  the pitfa lls a nd pr ec autions in the proce dur e inc lude the f ollow ing:

1. Fema le  mice  ar e too old; F1 f emale s older  than six wee ks re spond poor ly to supe rovulation.  Also,
ge ne ral good a nimal he alth is importa nt to obta in good re sults.

2.  Poor pH contr ol in the incubator gives the bigge st pr oblem.  Fr equent ope ning and c losing of the
incubator  door  is dele te rious to a dequa te CO 2 e quilibr ation.  The ope ning and c losing of the  incuba tor 
door  should be  ke pt to a  minimum or the  culture  dishes should be  plac ed in a se par ate inc uba tor in
whic h the  door s a re  only opened to plac e in dishe s c ontaining embryos.  The dish is not r emove d a ga in
that da y.  T he  lid may seal to the  culture  dish w ith oil, thus limiting the e xc hange  of  gase s, he nc e the 
lids ar e pla ce d a skew on the dishe s or not put on at a ll.

3.  The par ticular  ba tc h of oil being use d may be e mbryotoxic , par ticular ly if  most of  the zygotes fa il to
clea ve and undergo degenera tion.  If this oc cur s, change the lot number of  oil the  oil be ing used, or
only use oil that has be en pr eviously c hec ke d in a mouse embryo bioassay a nd found to be non-toxic;
such oil is available fr om se ver al commerc ia l source s, eg A dva nc ed Re productive  Te chnologies, Inc 
and Sigma  Chemica l Co.

R ef er e nc e R ange s:
Positive  c ontrol w ith BSA : ≥ 80% FEB r a te 
Positive  c ontrol w ith no prote in: ≥ 50% FEB r a te 
N egative  c ontrol w ith BSA : ≤ 65% FEB r a te 
.



SPECIMEN DISPOSAL:

      All discarded specimen samples and disposable laboratory supplies should be disposed of
properly in a container marked  BIOLOGICAL HAZARD and disposed of accordingly.  A
contract with a commercial company for the pickup of dead animal carcasses should be
established.  The carcasses can be stored in a freezer until the day of pickup.

LIM ITA TION S OF THE  P ROCED UR E: 

For ade quate  deve lopme nt of  F1 mouse zygotes to the FE B sta ge, the me dium must conta in at le ast 0.1
mM sodium pyruvate and 2.0 mM sodium la cta te .  Excessive amounts of  some  vita mins and a mino ac ids
should be  avoided e g nic otina mide.
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