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Abstract 

Elective caesarean in the bitch is a common procedure that is performed for a number of 
reasons, including but not limited to: fetopelvic disproportion (notably in brachycephalic breeds), 
poor whelping history, previous caesarean, inherent uterine disease, high-risk pregnancy, highly 
valuable puppies/bitches, frozen semen pregnancies, or owner convenience. To determine the best 
time for the caesarean, it is important to accurately identify expected whelping date, most commonly 
done by accurate ovulation timing, gestational ultrasound staging and progesterone assay of the bitch 
near term. To improve puppy viability, preterm corticosteroid administration stimulates surfactant 
production in fetal lung. One of the largest problems with elective caesarean, aside from fetal 
viability, is mismothering by the bitch. The risk of mismothering may be reduced by the use of 
prostaglandins to induce luteolysis and intranasal oxytocin administration to the bitch. 
Ovariohysterectomy at the time of caesarean section is not recommended. 
 
Keywords: Elective, caesarean, bitch, oxytocin, intranasal 
 
Introduction. 

Elective caesarean in the bitch is a common procedure that is performed for a number of 
reasons, including but not limited to: foetopelvic disproportion (notably in brachycephalic breeds), 
poor whelping history, previous caesarean, inherent uterine disease, high risk pregnancy, highly 
valuable puppies/bitches, frozen semen pregnancies, or owner convenience. Determination of the 
correct time to perform an elective caesarean is a balance of identifying the correct time without 
removing the puppies too soon or too late, minimising distress on the bitch and ensuring optimal 
mothering and milk production after surgery. In order to determine the best time for the caesarean, it 
is important to accurately identify the expected whelping date and using as many tools as available to 
determine the best time to perform the procedure to maximise probability of a good outcome. 
Pregnancy length in the bitch is defined as 65 days from the LH surge, 63 days from ovulation and 57 
days from the onset of cytological diestrus. In order to determine pregnancy duration, it is important 
to understand and stage the estrous cycle. 
 
Timing of the estrous cycle of the bitch 

Bitches spontaneously ovulate a primary oocyte arrested in prophase I of the second stage of 
meiosis.1,2 The luteinizing hormone (LH) surge occurs ~ 2 days before ovulation,3,4 stimulating the 
granulosa cells of the follicles to luteinize and produce progesterone, which may aid in resumption of 
meiosis.1 After ovulation, the corpus luteum forms from luteinized thecal and granulosa cells. The 
corpus luteum secretes progesterone, with progesterone being solely responsible for pregnancy 
maintenance in the bitch. Six days after ovulation, the bitch enters diestrus.5  
 
Laboratory tests for staging the estrous cycle 

 
LH assay 

LH concentrations are undetectable until the point of the LH surge. Daily serum analysis of 
LH is required due to the short, varied, length of the LH surge in the bitch (24 - 60 hours). There is a 
rising phase of up to 12 - 24 hours and then a decline over 12 - 36 hours.6 The only readily available 
LH tests are qualitative LH tests, which give a positive result for concentrations > 1 ng/ml. Even with 
daily LH testing, it is possible to not detect the LH surge, since LH concentrations vary (4 - 14 
ng/ml6,7) at the peak of the LH surge, and there is often a slow rise and fall. LH assays on their own 
are not recommended, since the LH surge occurs 3 - 8 days before oocyte fertilisation,7 coupled with 
the possibility of anovulatory cycles. 
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Progesterone assay  
Progesterone concentrations rise from the LH surge and they can be used as an indirect 

indicator of ovulation. Progesterone continues to rise through estrus and early diestrus, with the cervix 
closing under the influence of increasing progesterone. Progesterone is most commonly measured 
today by chemoluminescence, with serum being recommended rather than plasma.8 Collection of 
blood for progesterone is best done on a fasted sample. Refrigeration of samples within the first 2 
hours after collection will reduce the measured progesterone concentration.8  

The LH surge occurs at ~ 6 nmol/l (2 ng/ml) and ovulation at 15 - 25 nmol/l (4 - 8 ng/ml), 
with ovulation being deemed complete with values > 30 nmol/l (10 ng/ml).9 In the authors’ opinion, 
there is no ‘magical’ value of progesterone at which fertility is maximal; changes in values are more 
important to help identify ovulation. Consistency of progesterone analysis is important, as different 
analytical machines will give different results. 
 
Vaginal cytology 

The cytology of the vagina changes as a result of changing estrogen concentrations. Rising 
estrogen concentrations from developing ovarian follicles result in hyperplasia of the vagina, 
represented by increasing cornification of vaginal cytology samples. As the vagina undergoes 
hypertrophy, the surface cells suffer effects of reduced oxygenation which presents as increasing 
enlargement of the cytoplasm, nuclear pyknosis and cornification of surface cells.10 Percentage of 
anuclear cells increases to 50% of cornified cells by the start of estrus. Six days after ovulation, 
diestrus ensues, characterised by an influx of neutrophils and parabasal cells reducing the percentage 
of cornified vaginal epithelial cells.5 Vaginal cytology alone is a poor indicator for the ideal time to 
breed;5 however, in conjunction with progesterone assays and vaginoscopy, it aids in determination of 
the phase of the cycle (proestrus, estrus, diestrus or anestrus) and appropriateness of insemination.11,12  

 
Vaginoscopy 

Vaginoscopy is performed using a 25 cm long, 11 mm diameter Welch Allyn sigmoidoscope. 
Under the influence of rising progesterone and increasing estrogen after the LH surge, the deep 
edematous folds of proestrus begin to flatten out and reduce. As estrogen concentrations continue to 
reduce and progesterone continues to rise through estrus, hypertrophy and hyperplasia of the vagina 
reduces, resulting in a cobblestone appearance of the vagina (crenulation) indicating ovulation is 
complete and the bitch is in the fertile period. By the start of diestrus, the vagina returns to a flat state 
with no significant folds in the mucosa.13  

To determine the LH surge, ovulation time and/or the 1st day of cytological diestrus, a 
combination of progesterone assay, LH assay, vaginal cytology and vaginoscopy are used.11  
 
Ultrasound determination of fetal age 

Careful ultrasound examination of the pregnant bitch can aid in ascertaining an approximate 
due date, and also help to correlate due date with estrous cycle staging. The inner chorionic cavity 
provides good determination of pregnancy stage up to 37 days of pregnancy,14-17 whereas 
measurement of biparietal diameter is most accurate during the last 3 weeks of pregnancy.15,17,18 The 
presence of good renal development and fetal peristalsis help to indicate fetuses are mature enough to 
be removed from the uterus. Ultrasound of the fetal heart rates in the near-term fetus will also help to 
determine the urgency of a caesarean procedure. Heart rates > 180 bpm indicate stable fetuses, 
whereas heart rates < 180 bpm indicate fetal distress19 and the need to proceed quickly to a caesarean 
section. 
 
Progesterone assay to assess luteal presence 

In the whelping bitch, fetal distress will result in a release of oetal ACTH, a rise in fetal 
cortisol concentrations and in turn a decrease in maternal progesterone due to luteolytic effects of 
cortisol. Maternal progesterone concentrations will decrease to < 2 ng/ml (6 nmol/l) 24 - 36 hours 
before whelping; therefore, daily analysis of progesterone to detect a decrease to below this level is 
often used to indicate the time for an elective caesarean.20 
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Medications indicated in an elective caesarean 
In many cases of elective caesarean, fetuses are removed before normal endocrine changes 

associated with whelping occur. Often to avoid fetal distress, puppies are removed before luteolysis. 
This process may have detrimental effects on the puppies and mother, as a result of no progesterone 
drop to stimulate a rise in prolactin for mothering and milk production, and no fetal cortisol release 
resulting in no stimulation of fetal lung surfactant. To help avoid these issues, corticosteroid 
administration, prostaglandin F2α and intranasal oxytocin may be used. 
 
Corticosteroid therapy 

Short-acting cortisol is given 2 - 12 hours before the scheduled elective caesarean. Short-
acting cortisol solutions are too short acting to induce luteolysis and labour. From day 57 of 
pregnancy, the fetal lung is capable of life outside of the uterus, although pulmonary surfactant is 
likely limited at this point.21 Betamethasone stimulates production in fetal lung surfactant22 and 
additionally in dogs, is believed to improve fetal survivability after surgery.23 Therefore, it is 
recommended to be used in elective caesareans wherein luteolysis has not occurred. 
 
Prostaglandin F2α 

A low dose of prostaglandin F2α at the end of the elective caesarean procedure (5 - 10 µg/kg) 
is used to aid luteolysis, reduce progesterone concentrations and thereby increase prolactin 
concentrations to promote milk production and mothering. 
 
Intranasal oxytocin 

Issues of poor maternal bonding in the bitch are commonplace in small animal theriogenology 
practices. Whilst any new mother can have issues accepting their newborn puppies, the problem 
presents itself most commonly in nulliparous bitches, more so those that have undergone caesarean 
section and more so those that have undergone elective caesarean section (observed, unpublished data 
by author). Whilst prolactin concentrations rise in late diestrus, there is a marked rise subsequent to 
the progesterone decline from luteolysis induced by a rise in ACTH from fetuses. Thus, there is a 
delayed rise in prolactin in bitches undergoing elective caesarean due to the procedure being 
undertaken before luteolysis has begun. Some breeds appear to have more of a problem accepting 
puppies and not uncommonly will savage their puppies, notably American Pit Bull Terriers, American 
Staffordshire Terriers, Rottweilers, and German Shepherds (observed, unpublished data). Dealing 
with a bitch that is not accepting her puppies and trying to harm them is a difficult situation for both 
the veterinarian and the breeder; suggested treatments are limited and often lead to frustration, poor 
compliance and detrimental neonatal care. 
 
Traditional therapies 

Traditionally breeders would be recommended to sedate affected bitches, use muzzles and 
physical restraint whilst an assistant would place the puppies on the mammary glands to try and feed. 
The most commonly used sedatives are diazepam (0.5 mg/kg bid or tid PO) or acetylpromazine (1 - 3 
mg/kg bid PO). Diazepam, a benzodiazepine, whilst being a good anxiolytic agent, is poorly sedative, 
coupled with potential ante grade amnesia (inability to create memories after an amnesia effect) 
which may mean that when used to treat maternal aggression, the bitch may in fact not learn to accept 
the puppies as she is less likely to remember the feeding event clearly. Acetylpromazine (ACP), a 
phenothiazine derivative, when used orally has a good sedative effect, and through stimulation of 
prolactin will improve milk production (like metoclopramide). ACP can have profound side effects 
including seizures (by reducing the seizure threshold), profound hypotension and should be used in 
caution in breeds known to carry the mutated Multidrug Resistant 1 (MDR1) gene mdr1-1Δ (notably 
Australian Shepherds, Border Collies, Collies, White Swiss Shepherds, German Shepherds, Old 
English Sheepdogs, and Sighthounds). Animals homozygous for the mdr1-1Δ gene have increased 
susceptibility to many drugs, including ivermectin, moxidectin, milbemycin oxime, digoxin, opioids, 
ACP, vincristine and other chemotherapeutics. Whilst ACP can result in profound sedation, its use to 
combat mismothering must be questioned. Any medication given to a nursing mother will pass on to 
the puppies and additionally there is little positive encouragement of the bitch to accept the puppies, 
rather merely hoping she will eventually accept them.  
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Muzzling and physical restraint of the bitch is questionable as a long-term therapy to aid in 
mothering is difficult. Not only does it require multiple assistants to feed the puppies every 2 - 6 
hours, it is likely very stressful for the bitch. The increased anxiety and cortisol concentrations 
associated with this would be expected to have detrimental effects on both milk let down and milk 
production. Whilst in some cases it may be necessary in the short term, this is not a long-term therapy.  

Many breeders will often resort to supplementary feeding in cases wherein nursing is difficult 
or not possible. This itself, whilst adequate, is not ideal for the puppies. There are many 
supplementary milk’s for puppies sold on the market. Most are poorly correlated to bitches milk. 
Many breeders create their own formulas, or follow those of their forefathers, most of which are in no 
way correlated to bitch milk. Handfeeding can create problems of overfeeding, underfeeding, 
diarrhoea or nutritional deficiencies whilst creating more work for the breeder. 
 
Emerging therapies 

The causative agents of maternal bonding have been long shown to be oxytocin 24-28 and 
prolactin. Effects of oxytocin on maternal bonding has been investigated in rats, voles and sheep. 
Extrapolations have been made to humans, with reports of oxytocin concentrations related to postnatal 
depression in new mothers.24,29  

Oxytocin, a neuropeptide consisting of 9 amino acids,30 is synthesized in the paraventricular 
and supraoptic nuclei.28 Oxytocin is transported and stored in the posterior pituitary, or via specific 
projections from the paraventricular nucleus, transported to other structures in the brain including the 
amyglada, hypothalamus and hippocampus.28 Oxytocin is well known for its functions on milk let 
down and uterine contractions, subsequent to release from the posterior pituitary. Oxytocin receptors 
are present throughout many tissues of the body, not just the uterus and mammary gland, including 
but not limited to the heart, liver and brain. Oxytocin receptors are a G coupled protein receptor. 
Binding of oxytocin to the G coupled protein receptor leads to a G qα coupling, leading to an increase 
in intracellular calcium concentration which leads to muscle contractions (this is important for uterine 
tissue and mammary tissue related to milk let down). Furthermore, oxytocin receptors located on 
neurons will lead to release or inhibition of other hormonal neurotransmitters and modulators, e.g. 
serotonin, endogenous opioids and corticotrophin-releasing factor.24  

Oxytocin has a number of believed functions other than uterine contraction and milk let 
down. These include, but are not limited to, love and pair bonding, sexual behaviour, maternal 
bonding, increasing trust, pro-social behaviours and reduction in anxiety.28,31 A syndrome in humans, 
Williams syndrome is characterised by increased trust, increased chance of approaching strangers, 
reduced social fear and love of music. The syndrome is characterised by deletion of 28 genes and 
affected individuals have significantly higher plasma oxytocin concentrations, implicating important 
behavioural effects of oxytocin.32 In rats, increased intracerebral concentrations of oxytocin and 
prolactin subsequent to lactating reduces effectiveness of the HPA and reduces cortisol concentrations 
when subsequently exposed to a stressful stimuli. This has also been shown in humans indirectly, 
wherein mothers breastfed their babies then were subsequently exposed to a stressful experience; 
mothers that breastfed first had lower cortisol concentrations, suggesting in humans, too, that the HPA 
is desensitised by oxytocin and prolactin.33 

The release of oxytocin both peripherally and centrally has occurs in response to labour, 
parturition, lactation and vaginocervical stimulation in sheep34 via multi-synaptic neural pathways.35 
Other stimuli for central oxytocin release includes emotional stress, social interaction and sexual 
activity/mating.33 Increased estrogen and reducing progesterone during late pregnancy not only 
stimulates an increase in prolactin, but stimulates an increase in oxytocin receptor expression +/- 
sensitivity of brain sites.35 Subsequently, with stimulation of central oxytocin release from the 
paraventricular nucleus and upregulation of central oxytocin receptors, there is a positive effect on 
recognition of offspring odour, increased attractive perception of offspring odour, mobilisation of 
active components of maternal behaviour, reduced maternal aggression, decreased anxiety and fear 
and acquisition of maternal memory.33  

Results on oxytocin related to maternal behaviour in rats is contradictory. In early reports, 
intracerebroventricular injection of oxytocin improved maternal responses, whereas in subsequent 
work, rats with the oxytocin gene removed showed immediate maternal instincts postpartum without 
supplementation. This suggests in rats the effects of oxytocin may be facilitatory rather than the 
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mainstay of maternal bonding.27 In estrogen-primed ewes, oxytocin induces full maternal responses in 
non-pregnant ewes in < 30 seconds following intracerebroventricular infusion of oxytocin.36 Maternal 
experience improves responsiveness to oxytocin infusion in multiparous versus nulliparous ewes.37 
Research in voles shows good evidence of oxytocin related to social behaviour and bonding. Prairie 
voles form long-term exclusive bonding with their male counterparts following mating; this same 
bonding occurs following intracerebroventricular infusion of oxytocin in the female, but no effect if 
given to the male without mating. In the male if vasopressin is infused then the bonding will occur, 
showing some sex differences.27 

Intranasal infusion of many molecules has been investigated. Insulin, melanocyte stimulating 
hormone, vasopressin, IGF1, neuropeptides, cytokines (erythropoietin) and carbamazepine have all 
cross the blood brain barrier following intranasal infusion.38 Conversely, systemic administration of 
oxytocin intravenously resulted in < 0.1% of oxytocin crossing the blood brain barrier of sheep.34 The 
actual mode of transport, if any, of oxytocin into the brain subsequent to intranasal infusion is the 
topic of current research. Suggested routes of transport include extra neural/peri neural routes along 
the trigeminal or olfactory nerve pathways, lymphatic transport, intraneuronal transport or active or 
passive transport from vasculature.38 There are also suggestions that intranasal administration 
stimulates the endogenous oxytocin system, which results in both peripheral and central oxytocin 
secretion. Transport along the olfactory nerve is unlikely, as transport speeds are faster than the 
transport speed of the olfactory nerve. Endogenous activation or transport via the trigeminal or 
subarachnoid routes are most likely. Transport into the plasma is likely via the heavily vascularised 
nasal mucosa and several facial veins into peripheral circulation. In rats, prior administration of 
adrenaline intranasally before administration of neuropeptides reduced blood concentrations of 
neuropeptides without reducing CSF concentrations.39 indicating it is traversing through vasculature. 

In humans, intranasal infusion of oxytocin will result in peak plasma concentrations 15 
minutes after administration, with return to baseline by 75 minutes. In the same study, peak CSF 
concentrations occurred at 75 minutes; however, peak brain concentrations are likely to be earlier, as 
many samples were first taken at 75 minutes, and additionally CSF samples were collected via lumbar 
puncture which would delay peak concentrations 5 - 10 minutes (assuming 5 mm/min CSF transport 
in humans).38 This is concurred via work in non-human primates, wherein peak CSF concentrations 
occured by 35 minutes, based on cervical puncture. Furthermore, higher doses have earlier peaks (10 
minutes, 80 IU) compared to lower doses (60 minutes, 40 IU),40 creating questions about dose, effect 
and concentration gradients.  

The use of oxytocin in humans shows promise for diseases associated with persistent fear, 
repetitive behaviour, reduced trust and avoidance of social interactions, with promise for diseases 
associated with reduced oxytocin concentrations and altered oxytocin metabolism such as autism and 
schizophrenia.28 Mothers diagnosed with postnatal depression, then given intranasal oxytocin and 
subsequently exposed to an intrusive stranger, had greater protective behaviour of offspring than those 
given a placebo.25 

For 6 years, the author has administered 10 IU of oxytocin intranasally either every 2 
hours or before each feed (2 - 6 hours) to all nulliparous bitches after elective caesarean until good 
maternal behaviour is noted by the owner. The solution is compounded by a compounding pharmacist 
to a dilution rate of 10 IU oxytocin/0.1 ml and administered via a human nasal spray bottle (0.1 
ml/spray). The dose is extrapolated from that used in experimental studies of pigs (24 IU oxytocin 
intranasally).41 The dose frequency has been extrapolated from work in other species showing the 
lifespan of intranasally administered oxytocin to be at least 2 hours and maybe up to 7 hours.25 In total, 
there have been 127 subjects treated with the aforementioned treatment and it has been subjectively 
assessed that maternal behaviours of nulliparous mothers developed more hastily compared to those 
that received no treatment in the past or sedation and restraint therapy. It must be noted that this is not 
a controlled scientific study, only a clinical assessment and many variables may lead to perception of 
improvement due to chance. In the 2 years since the use of this therapy, the author has not had any 
nulliparous bitch after elective caesarean harm a puppy. In 1 case, a Bernese mountain dog bitch 
undergoing therapy began showing obsessive maternal behaviours (overstimulating and cleaning of 
pups) which resolved after cessation of therapy. It must be noted that the therapy is off label, 
experimental and still anecdotal; however, from clinical experience it appears to have good promise. 
Currently the author and others are having good success with administration of 10 IU in alternating 
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nostrils every 2 hours (Lopate C, personal communication) until the bitch is mothering well, usually 
within 12 - 24 hours. There is scope for a controlled clinical trial observing maternal behaviours of 
nulliparous bitches after elective caesarean receiving either oxytocin or a placebo intranasally. 

Whilst there is no clinical or scientific study of intranasal oxytocin therapy in bitches, there is 
a good body of literature that increased CSF concentrations of oxytocin after intranasal administration 
in multiple species. Additionally, with studies showing reduced anxiety, fear and improved maternal 
behaviour related to higher CSF levels of oxytocin in multiple species, it is not clear why the same 
would not concur in the bitch. Whether intranasal application of oxytocin leads to direct transit to the 
CSF or activation of the endogenous oxytocin is not relevant in a clinical situation, as a cause and 
effect has been developed. Management of the nulliparous bitch after elective caesarean is a 
challenging case for the both the veterinarian and the breeder, and subjectively on a clinical level, the 
use of intranasal oxytocin shows promise for aiding in appropriate therapy to improve welfare of 
breeding bitches and their puppies.  
 
Ovariohysterectomy at time of caesarean section 

Whilst advocated by many, ovariohysterectomy at the time of caesarean section is not 
recommended by the author. Although not directly studied in bitches, the probability of a poor 
outcome of the bitch after surgery is increased dramatically by ovariohysterectomy at time of 
caesarean section (observed, unpublished data by author). During pregnancy, there is an expansion of 
fluid volume of the bitch, and cardiac adaptions to cope with this, notably increased fractional 
shortening, increased cardiac output and cardiac hypertrophy, all believed to improve blood flow to 
the gravid uterus.42 During the puerperium, there is gradual reduction in uterine size and blood flow43 
along with a gradual return of the maternal cardiac changes to the non-pregnant state.44 A rapid 
change in hemodynamics with ovariohysterectomy is likely to have detrimental effects on the 
maternal heart function which may have difficulty adapting quickly. Additionally, the enlarged uterus 
after removal of the foetuses contains a large volume of blood and its removal is likely to have 
detrimental effects on thermoregulation of the bitch. 
 
Conflict of interest 

None to declare. 
 
References 
1. Tsutsui T: Gamete physiology and timing of ovulation and fertilization in dogs. J Reprod Fertil Suppl 1989;39:269-275. 
2. Reynaud K, Fontbonne A, Marseloo N, et al: In vivo meiotic resumption, fertilization and early embryonic development 

in the bitch. Reproduction 2005;130:193-201. 
3. Phemister RD, Holst PA, Spano JS, et al: Time of ovulation in the beagle bitch. Biol Reprod 1973;8:74-82. 
4. Concannon PW, McCann JP, Temple M: Biology and endocrinology of ovulation, pregnancy and parturition in the dog. J 

Reprod Fertil Suppl 1989;39:3-25. 
5. Root Kustritz MV: Managing the reproductive cycle in the bitch. Vet Clin North Am Small Anim Pract 2012;42:423-437. 
6. Concannon PW: Endocrinologic control of normal canine ovarian function. Reprod Domest Anim 2009;44 Suppl 2:3-15. 
7. Concannon PW, Hansel W, Visek WJ: The ovarian cycle of the bitch: plasma estrogen, LH and progesterone. Biol 

Reprod 1975;13:112-121. 
8. Volkmann DH: The effects of storage time and temperature and anticoagulant on laboratory measurements of canine 

blood progesterone concentrations. Theriogenology 2006;66:1583-1586. 
9. Jeffcoate IA, Lindsay FE: Ovulation detection and timing of insemination based on hormone concentrations, vaginal 

cytology and the endoscopic appearance of the vagina in domestic bitches. J Reprod Fertil Suppl 1989;39:277-287. 
10. Olson PN TM, Wykes PM, Nett TM: Vaginal cytology. Part I. A useful tool for staging the canine estrous cycle. 

Compend Contin Educ Pract Vet 1984;6:288-298. 
11. Goodman MF: Canine ovulation timing. Probl Vet Med 1992;4:433-444. 
12. Silva LD, Onclin K, Verstegen JP: Cervical opening in relation to progesterone and oestradiol during heat in beagle 

bitches. J Reprod Fertil 1995;104:85-90. 
13. Lindsay FEF: The normal endoscopic appearance of the caudal reproductive-tract of the cyclic and non-cyclic titch - 

post-uterine endoscopy. J Small Anim Pract 1983;24:1-15. 
14. Beccaglia M, Luvoni GC: Comparison of the accuracy of two ultrasonographic measurements in predicting the 

parturition date in the bitch. J Small Anim Pract 2006;47:670-673. 
15. Luvoni GC, Beccaglia M: The prediction of parturition date in canine pregnancy. Reprod Domest Anim 2006;41:27-32. 
16. Luvoni GC, Grioni A: Determination of gestational age in medium and small size bitches using ultrasonographic fetal 

measurements. J Small Anim Pract 2000;41:292-294. 
17. Son CH, Jeong KA, Kim JH, et al: Establishment of the prediction table of parturition day with ultrasonography in small 

pet dogs. J Vet Med Sci 2001;63:715-721. 

216Clinical Theriogenology • Volume 11,  Number 3 • September 2019



18. Kutzler MA, Yeager AE, Mohammed HO, et al.: Accuracy of canine parturition date prediction using fetal measurements 
obtained by ultrasonography. Theriogenology 2003;60:1309-1317. 

19. Zone MA, Wanke MM: Diagnosis of canine fetal health by ultrasonography. J Reprod Fertil Suppl 2001;57:215-219. 
20. Smith FO: Challenges in small animal parturition--timing elective and emergency cesarian sections. Theriogenology 

2007;68:348-353. 
21. Sipriani TM, Grandi F, da Silva LC, et al: Pulmonary maturation in canine foetuses from early pregnancy to parturition. 

Reprod Domest Anim 2009;44 Suppl 2:137-140. 
22. Vannucchi CI, Silva LC, Lucio CF, et al: Prenatal and neonatal adaptations with a focus on the respiratory system. 

Reprod Domest Anim 2012;47 Suppl 6:177-181. 
23. Regazzi FM, Silva LCG, Lucio CF, et al.: Influence of prenatal maternal corticosteroid therapy on clinical and metabolic 

features and pulmonary function of preterm newborn puppies. Theriogenology 2017;97:179-185. 
24. Bell AF, Erickson EN, Carter CS: Beyond labor: the role of natural and synthetic oxytocin in the transition to 

motherhood. J. of Midwifery & Women's Health 2014;59:35-42. 
25. Mah BL, Bakermans-Kranenburg MJ, Van Ijzendoorn MH, et al: Oxytocin promotes protective behavior in eepressed 

mothers: A pilot study with the Enthusiastic Stranger Paradigm. Depression and Anxiety 2014. 
26. Galbally M, Lewis AJ, Ijzendoorn M, et al.: The role of oxytocin in mother-infant relations: a systematic review of 

human studies. Harvard Review of Psychiatry 2011;19:1-14. 
27. Kendrick KM: Oxytocin, motherhood and bonding. Exper Physiol 2000;85:111-124. 
28. Ishak WW, Kahloon M, Fakhry H: Oxytocin role in enhancing well-being: a literature review. J Affect Disord 

2011;130:1-9. 
29. Feldman R, Weller A, Zagoory-Sharon O, et al: Evidence for a neuroendocrinological foundation of human affiliation: 

plasma oxytocin levels across pregnancy and the postpartum period predict mother-infant bonding. Psychological Sci 
2007;18:965-970. 

30. Gimpl G, Fahrenholz F: The oxytocin receptor system: structure, function, and regulation. Physiol Rev 2001;81:629-683. 
31. Windle RJ, Shanks N, Lightman SL, et al: Central oxytocin administration reduces stress-induced corticosterone release 

and anxiety behavior in rats. Endocrinology 1997;138:2829-2834. 
32. Dai L, Carter CS, Ying J, et al.: Oxytocin and vasopressin are dysregulated in Williams Syndrome, a genetic disorder 

affecting social behavior. PloS one 2012;7:e38513. 
33. Neumann ID. Brain Oxytocin Mediates Beneficial Consequences of Close Social Interactions: From Maternal Love and 

Sex. In: Pfaff DW, Kordon C, Chanson P, Christen Y: editors. Hormones and Social Behaviour. Research and 
Perspectives in Endocrine Interactions: Springer Berlin Heidelberg; 2008. p. 81-101. 

34. Kendrick KM, Keverne EB, Baldwin BA, et al: Cerebrospinal fluid levels of acetylcholinesterase, monoamines and 
oxytocin during labour, parturition, vaginocervical stimulation, lamb separation and suckling in sheep. 
Neuroendocrinology 1986;44:149-156. 

35. Pedersen CA: Oxytocin regulation of maternal behavior from rodents to humans. Oxytocin, Vasopressin and Related 
Peptides in the Regulation of Behavior 2013:148-182. 

36. Kendrick KM, Keverne EB, Baldwin BA: Intracerebroventricular oxytocin stimulates maternal behaviour in the sheep. 
Neuroendocrinology 1987;46:56-61. 

37. Keverne EB, Levy F, Guevara-Guzman R, et al: Influence of birth and maternal experience on olfactory bulb 
neurotransmitter release. Neuroscience 1993;56:557-565. 

38. Striepens N, Kendrick KM, Hanking V, et al.: Elevated cerebrospinal fluid and blood concentrations of oxytocin 
following its intranasal administration in humans. Sci Rep 2013;3:3440. 

39. Dhuria SV, Hanson LR, Frey WH, 2nd: Novel vasoconstrictor formulation to enhance intranasal targeting of 
neuropeptide therapeutics to the central nervous system. The J of Pharmacol and Exper Therapeutics 2009;328:312-320. 

40. Born J, Lange T, Kern W, et al.: Sniffing neuropeptides: a transnasal approach to the human brain. Nature Neurosci 
2002;5:514-516. 

41. Rault J-L, Mack LA, Carter CS, et al: Prenatal stress puzzle, the oxytocin piece: Prenatal stress alters the behaviour and 
autonomic regulation in piglets, insights from oxytocin. Appl Anim Behav Scie 2013;148:99-107. 

42. Blanco PG, Tortora M, Rodriguez R, et al: Ultrasonographic assessment of maternal cardiac function and peripheral 
circulation during normal gestation in dogs. Vet J 2011;190:154-159. 

43. Batista PR, Gobello C, Corrada Y, et al.: Doppler ultrasonographic assessment of uterine arteries during normal canine 
puerperium. Anim Reprod Sci 2013;141:172-176. 

44. Almeida VT, Uscategui RAR, Camacho AA, et al: Influence of estrous cycle and gestation on cardiovascular system of 
bitches. Anim Reprod Sci 2018;192:35-43. 

 

217 Clinical Theriogenology • Volume 11,  Number 3 • September 2019



218Clinical Theriogenology • Volume 11,  Number 3 • September 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	OMNIBLANK: 


