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Intracellular Ca during fertilization and artificial activation 

in lnOllSe oocytes 

DENG Man Qi ，FAN Bi Qin (J~ngsu Academy ofAgricultural Sciences，Nanjing 210014，China) 

KEY W ORDS mice：oocytes；ovum ： calcium 

fertilization：electric stimulation 

AIM ：To study the mechanism of oocyte activation 

in mammals M ETHODS： Mouse oecytes 

arrested at metaphase of the second meiotic 

division were Ioaded with Fura 2-AM and then 

activated with ethanol， calcimycin， electric pulse 

or fertilization Intracellular free Caz’ during 

activation were measured  by Spex AR-CM-MIC 

cation system Cortical granule exocytesis after 

activation was detected under electron micro— 

scopy． RESULTS：Sperm penetration initiated  a 

long  lasting Ca2 oscillation in Ca2 containing IVF 

med ium in mOUse ova The Caz oscillation 

Iasted for over 3— 4 h untll the ova de veloped  to 

prosu clear stage The Ca2’ oscillated faster as 

extracellular Caz’ concentration was increase d 

frOm normaI 1 7 minelI L一。tO 5．0 mmOl_L一。and 

ceased to oscillate when extracellular Caz was 

removed． The ova res umed Caz oscillation  after 

tran~erred back to IVF fC 1 7 minel‘L ) 

The ova which exhibited  Caz’ oscillation all 

extruded second polar body and formed pronuclei． 

Suppression the Ca2’ oscillation by intracellular 

inieCtion of egtazic acid (2— 10 pL，200 umoI 

-L )blocked the activation of oocytes Heparin 

(100 pmol_L一。) iniection failed to prevent the 

Ca oscillation． Ii1 artificiaI activation ，ethane1， 

ce lcimycin， and a sing le elec tric pulse usually 

jnduced  a mon otonic Ca rise an d res ulted II1 the 

activation on ly in olde r oocytes(> 18 h after CG 

injection) Activatian of freshly ovulated oocytes 

required  multiple intracellular Ca ’ ine rease s 

jnduced  by repetitive electric pulse s Artificial 

activation  elicited  the similar corticaj granule 
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exco ytosis in oocytes as occuring at fertil／zation  

Suppression of the intracellular Ca elevation by 

introduction of egtazic acid into the oocytes  

blocked the activation proce ss． C0NCLUS10NS： 

The increase of intrace llular free Caz’ is the 

primary signal respon sible for the initiation of 

eocyte activation but there are distinct differences  

between fertilization  and artificiaI activation both in 

Ca2 chan ge patterns and Ca ’ sources
．  Young 

oocytes require osc illatory Ca signals for 

activation 

M ammalian unfertilized ova can be artificially 

activated by a variety of chemical and physical 

stimuli such as ethanol， calcimycin． and electric 

stimulation． M ammalian coeyte exhibits a regular 

Caa oscillation in inrraeellular Ca2 ([Caz‘]．) 

during fertilization【 t It was assumed thar this 

Ca2 oscillation played an important role in inducing 

the activation processL 一 
． If artificial stimulation 

can induce exactly the~Rrfle intracelluar changes as 

occurir~-at fertilization is an open question． In this 

report we investigated the[Ca2 ]I change patterns 

and Ca2 sources in fertilized and artificially 

activated mice oocytes and studied the role of Caz 

in oocyte aettvation 

MATERIALS AND M ETHoDS 

Prep~ratioo of eocytes Oocy~es were collected and 

manipulated in ， and weDg,recovered by flushing the 

oviducts from mated and unmated Kunming albino mice， 

superovulated by iniecfion of equine gonadotrophln(EG)10 

IU followed 48 h]ater by iNecdon of chor~onic gonadotrophin 

(CG )10 IU j 仉御 fertilized 0va were retrieved from 

mated mice with visible vaginal pll 13—14 h after CG 

injection as fertilization usually occults 13 h after the injection 

0f CG Ol-matingL Oocytes used for artificial activation 

~,3tere recovered 13 h and 18 h ter CG injection． The 

cumulus cells surrounding the coc~es we removed by 

culturing in Mz containing 0 1 ％ hyaluronidase for 3 5 

rain． Fo1]owing each treatment the cocytes~verc extensively 

washed with M 2 
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Media and reagents Fertil~ed ava and artificially 

activated oceytcs were cultured in an improved med ium hy 

Chatot,Ziomek．and Bavister(CZB) The intraeellular 

free 0 in fertilized 0v8 was measured in i 诅 加 

fertilization medium (IVF) Eleetr／c pulsiv~g medium as 

∞ mpc ed of raannitol 0．3 rDoI·L ＆ C 50 m0I 

’

L All media were prepared with AR and ultra pure 

water(>18．0 M0) Bov3ne rum humin was added to 

the medium  prior to use Fura-2 aeetoxymethyI ester 

(Fura Z-AM，Sigma)was used as Ca nu0resce probe． 

which was diso／ved in anhydrous MeaSO (2 mmol-L stock 

solurion) Heparin(Sigma．M =3500)w舶 used as the 

_n}libitot of IPa activated ntraeell u】ar calcium store． 

Artificial activation methods and apparatus Oocytes 

wel-~ stimulated b expo~ng to 7 ％ 8 ％ etha nol[。】0r 

caldmycin 0．95Ⅱm0卜L f0r 5— 6 min After several 

rinsesinM 2the ovcyteswere cultured in CZB at 5 ％ COn 

+95 ％ a at 37℃ for 3—4 dt。assesstheir developmental 

capacities． For electric activation，oocytes were rA'ayl~fereed 

to pulsing chamber containing the pulsing medium  and 

stimulated by DC pu[se(at field strength of 170 kV／m and 

duration of 80 100 us) The pulsing chamber was arranged 

in parallel by platinum electrodes glued ∞ a thin g[ass coverfip 

(0．2 mm depth) The gap between the 2 electrodes was 

0．75 mill _rhe diameter of platinum wire wBs 0 3 mm． 

This modified chamber made ovcytes pulsed mtd their[Caz ] 

changes monitored simultaneously under the san1e set of 

conditions Oocyte activation was evaluated according to the 

formation of nol'P~a1 pronucleus 4—6 h after stimulation 

i~~ lnent of Intracellnlar Ca ’ The collected in 

∞ fertilized OVa and  unferdKzed 0va waiting for artificiaL 

acdvatio~ wefe ptsloed ed with Fura 2一AM 5 btmo[-L n Mz 

md inm +10 ％ fetal calf 8eYum at 37℃ for 30min Af ter 

loading the ovcy~es wefe extensivdy washed with M2 The 

fluorescence Intensities of fertilized ova were monitored for 

> 1 h． The Fura 2一AM  1oaded unfertilized oocyt髂 were 

artificially activated and[Ca2 ]． measured by an inverted 

Nikon diaphot eDiflu0瞄 cen。e mtct~cope equipped with a 

Spex(USA)made AR—CM—MIC cation monitoring system 

The fluorc*cence of single oocyte as recorded every 2 s． 

Miero~ ectton of drugs into oocytes To supp~ the 

intraeellularincreas~of[Ca2’] ．egtaaic acid 200 tzmol·L 

w&g injected to the cytoplasm of the oocyte8 IPa activated 

mraeellu[ar calciurn sto~e was inhihitd by inject／on of hepa~n 

100 um。l’L_。intothe ooc~．es． Thclnieetion volumewas 2 
— 10 pL 

To a嚣e站 the cortical granule exocytosis foIlowing 

artificial activatioo mad fertilization．the ooeytes e fix0d in 

3％ ghtaraldehyde after fertilizatima[Ⅱartificial stimulatkm 

RESULTS 

lntracellular Ca in fertilized a W e 

detected 2O in vlvo fertilized ova and 16 of them 

exhibited Ca oscillations r from basal leveJ 0f 

4O一 90 nmol·L一 to the peak level of 500 —800 

nmol-L )in IVF medium containing Ca” 1．7 

mraol·L (Fig 1) 
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gig 1． Effect of eatracellalar Ca on 

Caz oscillation． 

The Ca2 oscillation continued until pronucleus 

was formed in the ova． The increase of[ca。 ]． 

was,not observed in other 4 o-4a during the 

experiment． After the measurement of Ca2 ． the 

oocytes were evaluated for sperm pe netration and 

pronuclear formation under phase contrast 

microscope． The 4 ova showing no [ ] 

chm~ges contained visible pronuclei． The[ca2 ] 
oscillated faster when the fertilized  ova re 

transferred to the IVF containing Ca2 5
．0 mm0l 

· L一 and ranisbed after transferred to IVF without 

ca and later resumed ca2 。scilJati0n after 

extracellular C was restored to control level(Fig 

1)． Introduction of heparin (100~tmoI-LI1)to 

cytoplasm of oocytas failed to prevent the C 

oscillation． 

After the long lasting Caa oscillation the 

fertilized ova extruded the seco nd polar body， 

form ed  the pmnuclei and then cleavaged to 

blastocyst in vitro while injection of egtazic acid 

(200／~mol·LI1)into the oocytas blocked the above 

mentioned process． 

Intraeellular Ca ’during artificial activation 

W hen oocytes were submerged in M2 containing 

7％ 一8％ ethanol[ca ] rised to the peak and 

remained at that level(Fig 2)and declined to basal 

level after the oocytes were transferred to M 2 

without ethanol 

Calcimycin induced a large monotonic C 

increase in M2(Fig 2)． In Caz free or Caz 一 
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h after CG)． The young oocytas were activated 

only by multiple[Caa ]．rises induced by repetitive 

pulses． 

Electron microscopy study showed that 

artificially activated oocytes exhibited a similar 

cortical granule exocytosis as occurring at 

fertilization． The parthenogenetically activated 

oocytes resumed second meiotic division and 

develope d to the morphologically normal biastocysts 

in vitro iUst like fertilized ova． 

Fig 2． Oo~~ s iu ethanol anti afI exposure to 

~alchnycin． DISCUSSION 

chelated M2，ethanol an d calcimyein still induced a 

small[Caa ]．elevation．While injection of heparin 

to the oocytes suppressed the[Ca2 ]．increase． 

An electric pulse induced an abrupt(Caa ]。 

increase and the amplitude of[Ca” ]．transient was 

determined by bo th the electric parameters and the 

extra∞ I1ular ( l eI_ The intenser and the 

higher the electric stimulation was．the higher the 

[ca ]。was induced． A single pulse failed to 

induce repe titive Ca2 rises unless an additional 

stimuIation was applied  There was an exact one— 

t0-One correspo ndence between 蛐 electric口uIse an d 

a [Caz ]．transient(Fig 3) 

皂 

Tinat；，| 

Fig 3． M ultiple electric i~lmulafions induo~d rel~tltlve 

[c ]l transieats ia mot~m oocyte． The Itrrowl hldIhk 

electric discharge． 

In pulsing  medium devoid of Ca a ， electric 

stimulati。n did not induoe any[Caz ]．elevation 

even if stronger field streng th and longer pulse 

duration v~ere impos ~ ， 

A single increase of[Ca2 ] was enough to 

induce activation in older ooeytes(>18 h after CG) 

hut was futile in activating the young  oocytes(< 13 

In 1Tuqmmalian animals，fertilized ova showed  a 

regular Ca2 osciHation Artificially increasing 

intracellulal"Ca n concentration in M 1I oocytes 

induced the actlvation pmosas such as corticaI 

granule execytosis， Pb Ⅱ extrusion， pronuclear 

formation， cleavage and embryonic development 

Suppression the elovation of[Ca2 ] blocked the 

activation of oocyte． This demonstrates that the 

inerea se of intracellular free Ca a is the primary 

signal responsible for the initiation of oocyte 

activation． 

High 1eve1 of extracellular Ca2 accelerated the 

fertilization-induced Caa’ oseillation while remaval 

of the extracelluI丑r (二a0’ ham pered the (二a 

oscillation． It suggests that extracellular Ca2 

plays an impo rtant role in maintaining Ca 

osciltat／on． The detailed  pathway of influx is 

unknown． Some authors proposed that IP3 

activated intracellular calcium release (IICR)was 

the main mechanism in fertilization—induced Caz 

os cillationlz． In 0ur experiment heparin fmled  to 

suppress the Caa oseilhtion， implying that Caz 

oseillation is not solely& pendent on  IICR in Mouse 

ova． It is difficult to find a strong inhibitor to 

completely block the influx of extracellular Ca2 ．so 

the role of IICR remains to be investigated． 

Ethanol and calcimycin—induced monotonic[Caz ] 

elevation was produced both by IP3 activated 

intracellular calciurn release and influx of 

extracellular Caa ． Electrically induced [Caa ] 

inctease can mainly fmm the influx of extraoellular 

Caz thmugh electropo radon on cell membran e( 

This suggests that artificially induced [ca” ] 

increases are different from fertilization．induced 
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19 ：9⋯4：2—27 ⋯ 
what is the biological significance of Ca。 oscillation； 7—5 口 

indocing the monotonic【ca 一]l elevation activated』 

only older oocytes effectively but was futile in 邓满齐。．范必勤 

activating recently ovulated oocytes which were (江苏省农业科学院
， 南京 210014．中国) 

[ ]．rises induced by muitip1e electr c pulses， 一 ⋯ — —  

suggesting that the activation 0f recently 0vulated 目的：研究哺乳类动物卵母细 胞激活机制 方 
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．丌c n1 t 测系统测定卵激活过程中细胞内游离Ca”浓度变 

1 w  姐k M ，s an K L hn力 h f t fen．“甜n咖  
诱发卵内 Ca 浓度波动-这种 Ca 波动持续达 3 

。 iol 993：43： 。 。 

Ca2 后 Ca2 波动很快消失 ：将卵移人含Ca2 IVF3 Whl 
taker M ．Pate[R Calcium and edl eycle contro 1． ⋯ ⋯ ～  ’⋯ ⋯ ⋯ ⋯ ⋯  

一

caLciumin and ”cyde “ 剂依他酸 {200 utool_L一 )抑制受精诱导的 Ca2 波 
D Biol1992；149：80 9 ‘ ⋯  。 一 ’’。⋯ ⋯  ⋯ ⋯  ⋯  
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,d F眦 1989；嘶 ：679 88 。。 ’ ⋯  ’ ⋯ ’ ’ 。‘ ’～  
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