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Theriogenology & Reproductive Medicine

Erin E. Runcan, DVM
• Diplomate, American College of 

Theriogenologists (Repro 
Specialist)

• Associate Clinical Professor - The 
Ohio State University

• Research focus – canine 
reproduction – AKC sponsored 
research in pyometra/uterine 
health

• Breeder of Akitas, member of ACA
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Email: runcan.1@osu.edu
Phone: 614-292-3551
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Where do puppies come 
from?
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Maximizing Litter Size

• Immunity
• Gut Health
• Nutrition
• Genetics
• Exposure to toxins

• Genetics
• Semen Quality
• Nutrition
• Prostate Health
• Infectious Disease

• Genetics
• Nutrition
• Exposure to toxins
• Stress
• Disease

• Type of semen used
• Method of insemination
• Timing of breeding
• Proficiency/experience of breeder/vet
• Uterine Health

• Disease
• Colostrum quality
• Hygiene of whelping area
• Mothering ability
• Experience of breeder
• Nutrition
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Part 1 – Creating the Litter
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Methods used to determine best time for mating

• Days in season
• Behavior
• Stud dog 
• Vaginal cytology
• Progesterone testing
• LH testing
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Days Before/After the LH Peak

LH peak

Initial progesterone rise

Pro-estrus (8-10 days) Estrus (9+ days)

Ovulation

Recommended
days to breed

LH level

Progesterone level

Composed of parabasal cells, 
small and large intermediate cells;
a few superficial cells; numerous 
red blood cells seen

Predominantly superfical 
cells and medium to large 
intermediate cells.
The edges ar straight and 
the cells are flattened.

The cells are fully cornified. 
With minimal background 
debris, bacteria seen is 
normal. The bitch is in her 
fertile window.

Round or oval, large nucleus

Slightly larger than 
parabasal cells, 
irregular borders.

Large cells with 
irregular borders.

Largest cell seen; 
irregular borders,
no nucleus present 
(fully cornified cells).

Parabasal cells with 
infiltration of a varying 
number of nucleated cells.

Diestrus is characterized by 
the sudden appearance of 
parabasal cells; a change 
from predominantly cornified 
to predominantly noncornified, 
with an influx of neutrophils

Early Proestrus Late Proestrus Estrus Diestrus

Parabasal Cells

Intermediate Cells

Nucleated
Superficial Cells

Superficial Cells

Metestrus Cells

Relation of Canine Ovulation Timing to
Progesterone Levels and Vaginal Cytology

Cell Types
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Luteinizing Hormone (LH)

LH “peak”
Induces ovulation
Abrupt & short 
12-24 hours (avg.) – Range 8-48 hrs
Ovulation occurs 24-72h later
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Luteinizing Hormone (LH)

Used when VERY 
precise timing of 
LH peak & ovulation 
is required!
Daily sampling
Sampling q12h?
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LH Testing 
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Progesterone Levels and Vaginal Cytology

Cell Types
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What is Progesterone?

• Steroid hormone produced by the ovary
• Luteinizing Hormone (LH) triggers the ovary to begin to 

secrete progesterone prior to ovulation
• Progesterone rises in a predictable fashion
• Correlated with time of ovulation
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What Progesterone is NOT

• An exact measurement of ovulation
• Foolproof
• 100% accurate all the time
• The ONLY tool to determine the best time to breed
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Why Progesterone?

• Researchers in 70’s discovered 
P4 increased before ovulation

• Correlated numbers with LH 
surge, ovulation, and when 
oocytes were mature for 
fertilization

• Found most reliable predictor was 
LH surge (1-3 days)

• Initially done on small numbers 
and only Beagles
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Serum P4 Concentration (ng/ml) Estimated Day of Ovulation

1.0-1.9 + 2 days

2.0-3.9 + 1 day

4.0-10.0 0 day
Johnson et. al., 1995, 2001
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What about Today?

• Initial research performed 
on RIA, now CLIA -
excellent correlation with 
initial studies

• 1300 bitches showed 
values identical to 
Beagles in the 70’s

• No breed, size, or age 
variation

Hollinshead and Hanlon, 2019
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POLL: Which number determines ovulation?

1. 5 ng/mL
2. 4-10 ng/mL
3. There is no exact number, you evaluate the trend
4. Number doubles within 24 hours
5. Number rises by at least 3 ng/mL in 24 hours
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Trick question!

All are published methods described in peer-reviewed 
literature to estimate ovulation!

This is the “art” of reproduction

Gunzel Apel, et. al. 1990; Badinand, et. al. 1993; Hase, et. al. 1999; Root-Kustritz 2001; Kutzler, et. 
al. 2003; Ververidis, et. al. 2002; Pretzer, et. al. 2006; Moxon et. al. 2012; Steckler, at al. 2013; 

Gropetti et. al. 2015
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1300 Bitches – Same Results

Hollinshead and Hanlon, 2019
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Types of Progesterone Testing

Quantitative (Gives you a Number)
• *Radioimmunoassay (RIA) – Gold standard
• Chemiluminescence (CLIA; Immulite)
• Fluorescent enzyme immunoassay (FEIA; MiniVIDAS)

Semi-Quantitative
• Ovucheck Premate
• Target Progesterone Test
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Quantitative Progesterone Testing

Immulite 2000 MiniVIDAS TOSOH
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The New Kid on the Block – Idexx Catalyst

• Immunoassay
• Many DVM’s can run in-house
• Fast turn-around time
• Results most accurate 0-5 ng/mL
• Has not been validated independently
• Only reads up to 20 ng/mL
• Standardized by a method not validated 

for use in canine breeding management
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All Values are NOT the Same

• Cannot compare numbers between labs or machines
• Choose one and stick with it
• When in doubt, send it out
• Units of machine? – nmol/L (Europe) vs ng/mL (USA)
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Beware of Imposters!
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Canine Ovulation Test Pads/Strips?
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Method of Insemination
Fresh, Cooled Shipped, Frozen
Fertility rates vary greatly!

FRESH

• > 90% conception rate
• Litter size increases by 1 

puppy when natural 
mating used

COOLED

• Two breedings increase 
litter size by 1 puppy and 
increase conception rate 
by 15%

• Method of insemination 
important

• VAI – 75%, TCI/SAI – 90%

FROZEN

• Conception rates 
extremely variable

• 50% Maidens
• 75%+ Proven bitches
• Highly dependent on # 

and quality of semen
• Decreased litter size by 

25%
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Natural Mating

• Breed every 48-72 
hrs while in 
standing heat

• Assume 50% 
depletion in sperm 
number per 
consecutive day of 
breeding
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Fresh/Cooled Semen

1-3 ng/ml 4-10 ng/ml

OR

Fertile Period
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Fresh/Cooled Semen – 1 Dose

1-3 ng/ml 4-10 ng/ml

OR

Fertile Period
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Frozen Semen

Much shorter longevity (12-24 hrs)
Intrauterine insemination
Limited breeding doses
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Frozen Semen – 1 Dose (dogs that read the book)

1-3 ng/ml 4-10 ng/ml

OR

>15 ng/ml

OR

Fertile Period
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Frozen Semen – Multiple Doses

1-3 ng/ml 4-10 ng/ml >15 ng/mlFertile Period
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Frozen Semen Success

Timing is important but it’s not everything
Semen quality and number essential!
No standardized protocol (coming soon…)
- Original reported pregnancy rate – 50%
- Can we do better?
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Frozen Semen Success

Breeding dose – 100 million sperm (total? Live?)
What does the data say?
• Increased sperm numbers = increased pregnancy rates
• >150 million progressively motile sperm = 76% PR

• Toy breeds – 50-100 million LMS
• Medium breeds – 100-200 million LMS
• Large/Giant breeds – 150-200+ million LMS

Mason, 2017
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What’s the problem?

No standardized method of freezing…
Some franchises – “proprietary”
Automated methods – not always accurate
Proof is in the results!

• Pre-freeze number/concentration
• Pre-freeze motility
• Pre-freeze morphology
• Post-thaw motility
• Definition of a breeding dose/unit/straw/vial

Protect your investment!
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Example…

Semen from proven stud dog to be used on proven bitch

Frozen in 2011 – 90% initial motility / 80% post-thaw
1.57 billion total sperm in ejaculate

Sample reported to contain 150 million normal sperm cells
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You be the judge…
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Actual values

70 million total sperm
30% progressive motility
++++ Red Blood Cells

Actual Breeding dose…
21 million live motile sperm
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We got lucky!

(NOTE: Actual image of puppies not shared to protect client confidentiality –
Please enjoy this free wallpaper image of two golden puppies instead…)
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Part 2 – Maintaining the 
Pregnancy
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Canine Pregnancy

• Fertilization occurs in oviducts (uterine tubes)
• Embryos enter uterus 7-10 days after LH surge
• Embryos migrate around uterus and implant on day 17-19
• Sexual differentiation complete at day 46
• PGF2⍺ removes progesterone around day 61
• Whelping occurs 36 hours later (avg.)
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Root Kustritz, 2014
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Progesterone is Important

Progesterone (P4)
•Corpora lutea (CL’s)

• 2 ng/ml 

•Uterine quiescence
•Closure of cervix
•Secretion of “uterine milk”
•Mammary duct development
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What is Normal?

Hinderer, Ludeke, Reige, et. Al. 2021

11-19 days 23-32 days 52-60 days
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What is Normal?

Kirchhoff and Goericke-Pesch, 2016
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Time of Day

Steinetz, et. al. 1990
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When to Supplement?

True hypoluteoidism extremely rare and over diagnosed
- Seems to run in lines and within breeds

Many bitches carry to term with “low” progesterone 
WILL abort if < 2 ng/mL (which came first?)
Can stop premature labor with terbutaline
Recommend uterine monitoring (Whelpwise)

- Uterine irritability
- Premature labor
- Endometritis

Whelpwise.com
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Types of Supplementation

Prometrium

• Micronized 
progesterone in tablet 
form

• Human drug
• Can use in early 

gestation – titrate to 
create a “normal” P4 
profile

Altrenogest (Regumate)

• Synthetic progesterone
• Equine formulation
• Unknown absorption
• Not until day 45
• Can be used to 

diagnose true 
hypoluteoidism

Progesterone in oil

• Daily injections –
painful

• Unknown absorption
• Cannot remove from 

body if something goes 
wrong
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Risks of Supplementation
Masculinization of female pups
Poor lactation
Poor mothering
Increased risk of uterine infection
Delay in whelping
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Take Home Points

• When it comes to P4 testing, be consistent! Same machine, same time of day, 
same blood draw

• When it comes to success with frozen semen – numbers count! Protect your 
investment and be your best advocate

• Supplement progesterone wisely and only if absolutely needed

• Work with a veterinarian you TRUST and who trusts you! This is a relationship, 
not a dictatorship. 

• Beware bad advice on social media!
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Thank You!

© Demi Flowers Photography
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