
http://www.appliedreprostrategies.com/
2011/Joplin/newsroom.html 1 

Dick	
  Saacke,	
  Pro fessor 	
  Emer itus

Inseminatio n	
  related	
   factors	
  affecting
fertil ization	
  in	
  estrous-­‐syncronized 	
  cattle

Depart men	
  of	
  Dairy	
  Science
Virginia	
  Tech

Wha t	
  doe s	
  sh e 	
  do 	
  with 	
  a ll	
  th o se 	
  spe rm?Wha t	
  d id 	
  you 	
  do	
  with 	
  a ll	
  those 	
  spe rm?

Elements we should consider
Sperm T ranspor t in cow
    Rapid
    Sustained

Bull
    Repr oductive history
    Source o f preser ve d semen

Insemina tor
    Inse mination skill-placement
   Semen h andling

Timing  of insemination
   T im e and tight ness of ovulation
    Me thod of de tecting heat/o vulation
    

Semen deposition
fornix vagina 

Cervix +
 mucus

 UT J
Oviductal
sperm 

reser voir

Semen 
barriers

Uteru s

(billions)

(thousands)

Sperm
num bers

Semen
qual ity

4 -14  h o urs

%
motile &
norma l

Sustaine d spe rm 
tra nspor t

Ov erstree t e t a l . 
1 97 8

Sixth day non surg ical e mbr yo r eco very (sing le or  sup er)
(p res ump tive e mb ryo,  compact  mo rula )
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Functiona lity	
  :	
  	
  Accessory	
  sperm?	
  parti al	
  answer

-Select 	
  popu lation
-Oviduct 	
  reservo ir
-Egg	
  recognit ion
-Partial	
  p enet rat ion
-Fertilizing	
  ??

UFO
Poor

Good	
   to
Excel lent

Fair

UFO	
  and	
  v iable	
  embryos	
  at	
  day	
   6	
  	
   (bovine)

Lindner	
  a nd 	
  Wrigh t,	
  1 9 83 .

2x	
  preg

Bull Effect
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Compe nsa ble seminal
de ficien cies

Those deficiencies which can be
overcome by increasing sperm dosage

Unc ompensab le  semina l
de ficiencies

Those deficiencies r esulting in
depre ssed fer tility at any sperm dosage

preclude sperm access to ovum?

Signify incompetence of fertil iz ing sper m?

Accessor y sp erm differ ences per e mbryo/egg
amon g bulls used at the  same insemination  dosage

Bull n Me dian Me an ± SD

A

B

C

D

25

37

16

20

40

8

13

2

52 ± 6 1

15 ± 2 3

36 ± 6 5

11 ± 1 6

Na di r et al . 19 93

*

Abnormal	
  heads

Co oling	
  by	
  
coun tercu rrent

exchange
or 	
  by	
  ra diatio n

or 	
  both?

Role	
  of	
  the	
  pampiniform	
  plexus
in	
   thermoregulation	
  of	
  the	
  testi s
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Infra	
  r ed	
  thermograms	
  of	
  bull 	
  testes

Normal
the rmo regu la tion

Kast elic, e t al.  199 6

Abnorma l the rmoregula tion

Inseminator

Fo rms of the  Artificial Insem in ation Dose
(fr ozen semen)

French S traw
0.5 cc
0.25 cc

German or 
Continental Straw

0.5 cc
0.25 cc

G lass ampule
0.5 cc
1.0 cc

0

10

20

30

40

50

60

70

80

30 6 9

Hours of inc ubation at 37C

In
ta

ct
 a

cr
os

om
es

 (%
)

E ffect of thaw-bath tem perature
on acrosom al integ rity

35C thaw

5C thaw

M ean ±  SD

8
± 6

20
± 12

2 5
±  1 2

2 8
± 12

f ro m R obbi ns e t al . 1976

oC

-120 -100 -80 -60 -40 -20 0

G

C

T"

T'

G

C

T"

T'

Te mper ature (oC)

T'
T"G

C

Sub- zer o th ermal e vent s H2O

90%

74%

60%

(F ro m Shep ard  e t  a l.  19 76 )

Gl ass
 tra nsi ti on

Gl as s
cry stal l iz atio n

Eu te cti c 
me l t

Ice
melt

-196C

6 inches

+2 to +12C

-15 to  -22C

-40 to -46C

-75 to -82C

-100 to -120C

-140 to -160C

-180 to 192C

L en gth o f e xpo su re (se c)

   10   3 0   50   70    9 0   110    1 30   15 0
-200

-16 0

-12 0

-80

-40

oC

5C -22C

Expo sure  of .5mL se men  dos e to  
5C or - 22C air



http://www.appliedreprostrategies.com/
2011/Joplin/newsroom.html 5 

Cerv ical	
  Anatomy	
  (Sperm	
  barrier)
Site o f Dye De positio n in Co ws In Vivo

(G rah am,  EF. 1 966)

Site of dye deposition
Conception rate of technic ians
<70% NR >78 % NR

Body of the uterus

Right horn

Left horn

Anterior cervix

Posterior  cervix

Vagina

% %
34

31

4

9

16

6

86

14

0

0

0

0

Effect o f sperm dose  on conceptio n rat e

Sperm per dose
20,000,000 10,000,000

Services   Non-returns Services   Non-returns

High Conception
Technicians

Low Conception
Technicians

2,885

2,670

2,875

2,996

5,8715,555

82.3%

80.0%

81.0%

81.1%

71.2%

76.1%Totals

(Fr om Hunter,WK. 1968.)

**

**

Time of insemination
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Accessory	
   sperm	
  data
	
  i n	
   rel ation	
  to	
  time	
  of	
  insemination	
  

utili zing	
  Heatwatch Æ

Dalton	
  et 	
  al.,	
  2001

Serolli	
  et	
  al.,	
  unpubl.

Ho ls teins

Angus

PGF
or	
  s pont aneous 27.6	
  Ò	
  5.4	
  hour s

GnRH	
  +
7	
  day 	
  CIDR
+	
  PGF 	
  on	
  d	
  6

31.0	
  Ò 	
  2.9	
  hours

Source Br eed Estru s

Time	
  of	
  ovulation
after	
  1s t	
  st anding	
  

event

0 12 24

Inse mina tio n	
   (ho urs	
   po st	
  he at	
   on set)

50
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100

Fe
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n	
  
ra
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  (%

)

0 12 24
0

10
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Ex
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d	
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(%

)

0 12 24
0

10

20

30

40

50

Fa
ir/
Po

or
	
  e
m
br
yo
s	
  
(%

)

0 12 24

Inse mina tio n	
   (ho urs	
   po st	
  he at	
   on set)

0

10

20

30

40

50

D
eg
en

er
at
e	
  
em

br
yo
s	
  
(%

)

Pregna ncy	
  Rate	
  to	
   AI	
   (a	
  compromise 	
  ?)

ovulat ion	
  27.6	
  Ò 	
  5.4	
  h
(Dalton	
  et	
  al.,	
  2001)

0 12 24
Inseminat ion	
  time	
  ( hr s	
  post	
  onset	
  of	
  heat )

0

10

20

30

40

50

60

Pr
eg
na

nc
y	
  
Ra

te
s	
  
(%

)

Low	
  fert ilizat io n	
  rate
High 	
  embryo	
  qualit y

High 	
  fert ilizat io n	
  rat e
Low	
  embr yo	
  quality

Ovulation	
  
(27.6	
  Ò	
  5.4	
  hrs )	
  

-­‐	
  Inad equate 	
  
	
  	
  	
  	
  sp erm	
  life ?

-­‐Aging	
  ovum	
  ?
-­‐less	
  sperm	
  selection?

AI	
  compr omise

Timing of AI: A Compromise?

4 24

Inse mina tio n	
   (ho urs	
   po st	
  he at	
   on set)

50

60

70

80

90

100

Fe
rt
ili
za
tio

n	
  
ra
te
	
  (%

)

4 24
0
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d	
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br
yo
s	
  
(%

)

4 24
0

10

20

30

Fa
ir/
Po

or
	
  e
m
br
yo
s	
  
(%

)

4 24
Inse mina tio n	
   (ho urs	
   po st	
  he at	
   on set)

0

10

20

30

40

50

D
eg
en

er
at
e	
  
em

br
yo
s	
  
(%

)

Preg nancy	
  Rate 	
  to 	
  AI	
  (synchronized 	
  heats)
Ovulation	
  	
  31.0	
  Ò	
  2.9	
  hS iroll i	
  e t	
  al .,	
  unpublished	
  2001 .
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0 12 24
0

10

20

30

40

50

60

Low	
  fert ilizat io n	
  rate
High 	
  embryo	
  qualit y

High 	
  fert ilizat io n	
  rat e
Low	
  embr yo	
  quality

Ovulation	
  
(27.6	
  Ò	
  5.4	
  hrs )	
  Inadeq uate	
  

	
  fun ct ional
	
  sperm 	
  lif e Aging	
  o vu m	
  

Less	
  sperm	
  se le ct ion

AI	
  comp romise

Ovulation	
  
(31.0	
  Ò	
  2.9	
  hr s)

vs
First 	
  standing	
  

eve nt
Ovulation

Breed
6	
  -­‐ 	
  10	
  ho urs

How	
  d etermin ed?

?	
  Hours

Mal e/dose	
  dependent

When	
  to	
  Inseminate?

prior

Fa ctors:  sustaine d spe rm tr ansp ort a nd ovu lation?

Time

First 	
  standing	
  
eve nt

Ovul ation
Heatwatch

When	
  to	
  Inseminate?
Factor s: susta ined sp erm  tra nspor t an d ovula tion?

Tim e
0 2412

27 ± 6

31 ± 3

21 33

28 3412 22

Bree d

5 15

Bree d

36

A

B Natural
24 	
  hour

12 	
  hour
0	
  hour

Bull

0
10
20
30
40
50
60
70
80
90

A
cc
es
so
ry
	
  s
pe

rm

C
B

A

Accessory	
  spe rm	
  number 	
  and	
  t ime 	
  of	
  in seminat ion
by	
  b ull  (me dians)

2

0
0

3

21

32

73

37

4
0

0

2

n = 175

(3 7)
(32)

(53)

(5 3)

First 	
  s tanding	
  
event

Ovul ationHeatwatch

When	
  to	
  Inseminate?
Factor s: susta ined sp erm  tra nspor t an d ovula tion?

Tim e
0 2412

27 ± 6

31 ± 3

21 33

28 3422

Br eed

15

Bree d

36

A

B

Bu ll A

B and C

A

B and C

Bu ll

Dal ton  et al . 2 00 1

Sero l li  et al . Unp ub

Effect	
  of	
  bull	
  fer tilit y	
  group	
  and
s tage	
  of	
  est rus 	
  at	
  A I	
  on	
  non	
  ret urn	
  rates

(Macmillan	
  and	
  Wats on,	
  1975)

75

70

65

60

55

50

%
NR

Ea rly M id La te P ost

St ag e	
  of	
  E strus

a bove 	
  a vg

a vg

below	
  av g
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Characte rist ics	
  of 	
  	
  a	
  hig hly	
  f ertile 	
  AI 	
  	
  bu ll
in 	
  contrast	
  to	
  a	
   less	
  fert ile	
  bu ll

Dura tion 	
  o f	
  fe rtil i ty	
   relative 	
   to	
  ov ulatio n

Hi ghly

Less

Ovula tion

Onse t	
  o f
he at

Hi ghly

Less
Po rtio n	
   of	
   i nco mpe tent	
   ferti li zi ng 	
  sp erm

Summary
Bull
     -  Re liab le  semen sour ce (bull history, BSE dat a)
     -  Minimize uncomp ensable deficiencies (sp erm mor ph)
     -  Successful cr yo preservat io n

Ins emin ator
    -  Trained  in semen ha ndling and placem ent
    -  Ret rained ?

Ti me o f in seminat ion
    - Know time and tigh tness of  ovulation
    - Insem inate 6 -10 h ours p rior t o onset  of ovu la tion
          ( sustained  sperm  tran sport)

Thank	
  you	
  
for	
  your
attention

from a review, Saacke 1982, based upon a model
derived from the w ork of many authors and several species
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