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INTRODUCTION 

Newborn mammals naturally need their mother's care to 
survive. Specific needs vary depending on the species. In 
most species, the mother provides basic needs such as food, 
warmth, protection to her pup to survive and train them to 
develop social abilities and life skills. The mother-pup relati-
onship is dynamic and reciprocal. In this relationship, the sti-
mulus originating from one (mother or pup) affects the be-
havior and physiology of the other (1, 2). Maternal behavio-
ral expressions in rodents are associated with pregnancy 
which are fully exhibited only after giving birth (3) and 

rapidly decreases at the end of the postpartum second week 
when pups open their eyes and become more independent 
(4). 

Separating the pup from the mother for a few hours a 
day in the postpartum first week is called maternal separa-
tion (MS) and is widely used in laboratory animals, especially 
in mice and rats, as a model to study the effects of neonatal 
stress in adults (behavior, endocrine response). Many nega-
tive effects such as anxiety (5) and depression-like behavi-
ors (6) and increase in the stress response intensity of the 
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Abstract 

This study investigates changes in systolic and diastolic blood pressure in Sprague Dawley rat dams exposed to postpartum stress. Eighteen 
pregnant dams were randomly divided into three groups: Control (C, n = 6, no-stress), Maternal Separation (MS, n = 6), and Brief Maternal 
Separation (BMS, n = 6). The dams and pups in group C were housed under standard conditions in their cages at the animal facility during 
the postpartum period. From postpartum day 2 to day 14, the dams and pups in group MS and BMS were separated from each other 
every day for 3-h and 15-min, respectively. Systolic and diastolic blood pressures of the dams were recorded on postpartum days 2, 8, 
and 14 by tail-cuff method. The findings show that the 3-h dam-pup separation caused high systolic blood pressure in dams, compared to 
the control dams at all time points that blood pressure was recorded (p<0.001). However, this effect is significant only on postpartum 
days 2 (p<0.01) and 8 (p<0.001) when compared to the dams that were subjected to 15-min separation.  In addition, the 3-h and 15-min 
dam-pup separations lead to high diastolic blood pressure when compared to the controls throughout the experiment. The 3-h separation 
caused high diastolic blood pressure only on day 2, when compared to the dams that were subjected to the 15-min pup separation 
(p<0.01). The obtained data indicate that postpartum dam-pup separation may lead to an increase in blood pressure in Sprague-Dawley 
rats. 

Anahtar Kelimeler: Blood pressure, maternal separation, pup, rat, stress 

 
Sprague Dawley Sıçanlarında Anne-Yavru Ayrılmasının Maternal Sistolik ve Diyastolik Kan Basıncı Üzerine Etkisi                                                           

Öz 

Bu çalışma, doğum sonrası erken yaşam stresine maruz kalan Sprague Dawley anne sıçanlarda sistolik ve diyastolik kan basıncındaki 
değişiklikleri araştırmaktadır. On sekiz gebe sıçan rastgele Kontrol (K, n: 6), Anne ayırma (AA, n: 6) ve Kısa Anne Ayırma (KAA, n: 6) 
gruplarına ayrıldı. Grup K'de (ellenmemiş), anne sıçanlar ve yavrular postnatal 2-14 gün boyunca standart hayvan yetiştirme koşulları 
altında rahatsız edilmeden barındırıldı. AA grubunda anne sıçanlar ve yavrular postnatal 2. ve 14. günlerde her gün 3 saat birbirinden 
ayrıldı. Grup KAA'da anne sıçanlar ve yavrular postnatal 2. ve 14. günlerde her gün 15 dk birbirinden ayrıldı. Anne sıçanların sistolik ve 
diyastolik kan basınçları postnatal 2., 8. ve 14. günlerde tail-cuff yöntemi ile kaydedildi. AA grubunda sistolik kan basıncı tüm postnatal 
günlerde K grubuna göre daha yüksekti (p<0.001). KAA grubundaki sistolik kan basıncı postnatal 2. ve  8. günde AA grubuna göre sırasıyla 
daha düşüktü (p<0.01, p<0.001). Ancak postnatal 14. günde AA grubu ile KAA grupları arasında fark yoktu (p>0.05). Diyastolik kan basıncı 
AA grubunda doğum sonrası tüm günlerde K grubuna göre daha yüksekti (p<0.001, p<0.01, p<0.001). Benzer şekilde doğum sonrası tüm 
günlerde KAA grubu K grubundan yüksekti (p<0.001, p<0.05, p<0.01). Postnatal 2. günde KAA grubunun diyastolik kan basıncı AA grubuna 
göre sırasıyla daha düşüktü (p<0.01). Ancak AA grubu ile KAA grupları arasında postnatal 8. ve 14. günlerde fark yoktu (p>0.05). Sonuç 
olarak, erken yaşam stresi Sprague-Dawley anne sıçanlarda kan basıncını artırabilir. 
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Hypothalamic-Pituitary-Adrenal axis (HPA axis) (7) have 
been reported as negative consequences of MS.  

The brief maternal separation (BMS) can decrease anxi-
ety-like behavior, HPA-axis tone, and stress response in 
adulthood compared to MS (7, 8). This short separation pe-
riod mimics the natural conditions in which the mother lea-
ves her nest to seek food (9). In their natural environment, 
domestic rats stay with their pup for more than 12-h every 
day and postpartum 25–35th days and show intensive care 
behaviors until weaning (4). 

It has been reported that the long-term MS causes di-
sorders such as depression and anxiety in the mother, but 
brief maternal separation increases maternal behavior (10, 
11). Kurata et al. (12) found that MS reduced maternal active 
breastfeeding time in rodents. The response of the maternal 
HPA axis to stressors is significantly reduced during breastfe-
eding and pregnancy. This adaptive reaction leads to allevi-
ate the possible negative effects of stress in mothers and in-
fants (13).  

It is widely stated in the current literature that mother 
separation causes stress on mothers. However, studies in-
vestigating the effect of maternal separation and brief ma-
ternal separation which both of them are early life stress mo-
dels on systolic and diastolic blood pressures in Sprague-
Dawley rats are limited. Dams may learn that they cannot 
control access to their pups, and thus they may decrease ac-
tive maternal behaviors such as licking in MS. This induction 
of learned helplessness can cause a depression-like state in 
dams (10). We hypothesized that maternal separation cau-
ses depression-like behavior and increases blood pressure in 
the dams. This study aimed to investigate changes in systolic 
and diastolic blood pressures in Sprague-Dawley dams expo-
sed to MS and BMS.  
 

MATERIAL AND METHOD 

The study was carried out in Adnan Menderes University Ve-
terinary Faculty Experimental Animal Breeding and Experi-
mental Research Unit. The study was approved by Adnan 
Menderes University Animal Experiments Local Ethics Com-
mittee (ADÜ-HADYEK) (approval no: 64583101/2016/174). 
Rats were housed in the controlled experimental room (50%-
70% humidity, 22 ± 1 ͦC room temperature, 12:12 light/dark-
light cycle) throughout the study. A total of 24 healthy Spra-
gue Dawley rats (18 females + 6 males) weighing 230±10 g at 
the age of 3 months were used in the study. After one week 
of environmental adaptation, they were crossed in macrolon 
type IV cages with 1 male + 3 females for 10 days. Pregnant 
females were placed into single cages. After parturition, 18 
dams were equally divided into 3 groups: Group 1 (Control 
group - non-handling (C)): In the control group, dams and 
pups were constantly housed together in their cages. Cage 
cleaning and handling were not performed until weaning. 
Rats were not subjected to any stressors except for short-
term blood pressure recording. Blood pressure measure-
ments and analyzes were done according to the manufactu-
rer's procedure. Systolic and diastolic blood pressures were 
recorded from the tail of mother rats by non-invasive 

indirect method (NIBP200A, Commat, BIOPAC®, Turkey) on 
postpartum day 2, 8 and 14. Group 2 (Maternal separation 
group (MS)): The maternal separation protocol for dams in 
this group was as described before (15, 16); briefly, the pups 
were separated from their mother for 3 hours each day 
between 9:00 am and 12:00 pm from postpartum day 2 to 
day 14. Bedding was changed every day to remove odors du-
ring the separation process. The pups were brought to anot-
her experimental room to cut off ultrasonic sounds between 
the pups and the dams. During separation, the pups were 
housed at room temperature 32 ± 1 °C to prevent hypother-
mia. After the 3-h separation time, they were brought back 
to their dams’ cage and remained together until the next se-
paration period.  

Group 3 (Brief Maternal Separation group (BMS)): Brief 
maternal separation procedure was performed as described 
previously (7). To do this, the dams and the pups were sepa-
rated for 15 minutes every day. The separation was done the 
same way with group MS.  

Systolic and diastolic blood pressures were recorded in 
dams on postpartum days 2, 8 and 14. After recording, the 
dam was rejoined with her pups. 

Blood pressure measurements were recorded in accor-
dance with the manufacturer's protocol. Systolic and diasto-
lic blood pressures in dams were measured from the tail by 
the noninvasive indirect method (NIBP200A, Commat, 
BIOPAC®, Turkey). Biopac Version 3.7.2 program was used 
for data evaluation (BIOPAC Devices, Inc., Aero Camino, 
USA).  

Statistically Analyses 

The data were analyzed in SPSS version 26 (SPSS Inc., Chi-
cago IL, USA) package program using repeated-measures 
analysis of variance and post hoc Bonferroni tests. Values are 
expressed as mean ± standard error. P value <0.05 was con-
sidered statistically significant. 
 

RESULTS  

Systolic and diastolic blood pressures are shown in Table 1. 
Systolic blood pressure was higher in the group MS than that 
of control group on all postpartum days (p<0.001). Systolic 
blood pressure of rats in the group BMS was lower than that 
of group MS on postpartum days 2 and 8, respectively 
(p<0.01, p<0.001) while on the postpartum day 14, there 
was no difference between groups MS and BMS (p>0.05). Di-
astolic blood pressure was higher in the MS group than that 
of control group on all postpartum days, respectively 
(p<0.001, p<0.01, p<0.001). Similarly, the rats in group BMS 
had higher diastolic blood pressure than that of controls on 
all postpartum days (p<0.001, p<0.05 and p<0.01 for post-
partum day 2, 8, and 14, respectively). On postpartum day 2, 
diastolic blood pressure of group BMS was lower than in the 
group MS (p<0.01). However, there was no difference 
between groups MS and BMS on postpartum days 8 and 14 
(p>0.05). 
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Table 1. Effect of MS and BMS on systolic and diastolic blood pressure in Sprague-Dawley dams during postpartum period. 

Days Groups Systolic Blood Pressure Diastolic Blood Pressure 

 
 
Postpartum day 2 

C 123.05 ± 3.18 72.70 ± 3.21 
MS 

171.46 ± 3.15
*** 133.32 ± 1.79

*** 
BMS 

145.55 ± 4.84
**, ## 110.20 ± 5.62

***, ## 
 
 
Postpartum day 8 

C 131.83 ± 3.77 82.39 ± 3.63 
MS 

149.35 ± 7.94
*** 107.80 ± 2.24

** 
BMS 

134.25 ± 4.28
### 98.73 ± 4.93

* 
 
 
Postpartum day 14 

C 129.66 ± 2.80 80.36 ± 2.25 
MS 

155.32 ± 5.26
*** 110.87 ± 2.83

*** 
BMS 

148.81 ± 1.40
** 102.43 ± 4.62

** 
The significance values are *p<0.05, **p<0.01, ***p<0.001 compared to C group, #p<0.05, ##p<0.01, ###p<0.001 compared to MS group using re-
peated-measures analysis of variance and post hoc Bonferroni tests. 

 
DISCUSSION AND CONCLUSION 

This study revealed that there are significant changes in sys-
tolic and diastolic blood pressure in Sprague Dawley rat 
dams exposed to maternal-pup separation. The obtained 
data indicate that MS clearly increased systolic and diastolic 
blood pressure in dams compared to control dams. It was 
observed that systolic blood pressure in BMS dams increased 
after giving birth compared to control dams but this increase 
was not as much as that of group MS.  Diastolic blood pres-
sure increased in group BMS compared to controls. Diastolic 
blood pressure did not increase as much in group BMS, com-
pared to group MS. These results are consistent with previ-
ous studies (8, 9).  

The relationship between mother and infant is complex 
and reciprocal; both have an inherent drive for each other.  
The triggers that exist in one influence the actions and phy-
siology of the other and vice versa (1, 2). Repeated separa-
tion of mothers from pups during the postnatal time may ca-
use emotional distress in mothers. It has been shown that 
MS changes maternal behavior towards pups during the first 
week of the stress protocol and triggers some characteristics 
related to the mother's anxiety (16). These findings indicate 
that maternal separation can also induce long-term changes 
in mothers. 

Previous studies have reported that maternal separa-
tion increases plasma corticosterone (17). Mothers treated 
with corticosterone chronically spent more time outside the 
nest and spent less time breastfeeding their pups, suggesting 
a rise in depressive-like behavior (18). Kurata et al. (12) re-
ported that the early maternal depression reduced maternal 
active nursing. Similarly, they found that repeated long-term 
MS during the postpartum two weeks caused an increase in 
depression-like behavior in female rats immediately after 
weaning (10). In parallel, we thought that repetitive long-
term MS might induce emotional stress in mothers and inc-
rease plasma corticosterone levels that can alter maternal 
behavior and thus increase blood pressure. It is likely that 
MS stress leads to increased plasma corticosterone levels 
and sympathetic activation-induced decreasing sensitivity of 
arterial baroreflex, and this may cause stress-induced blood 
pressure increase. It is essential to further investigate and 
shed light on the underlying mechanisms. 

Threatening stimuli alter the heart rate and blood pres-
sure by activating the autonomic nervous system (19). The 
sympathetic nervous system plays an important role in 
stress-related changes in cardiovascular regulation and cont-
ributes to cardiovascular morbidity and mortality by indu-
cing arrhythmia as well as vasoconstriction and tachycardia. 
Activation of the sympathetic nervous system plays a role in 
the etiology of hypertension as well (20). Blood pressure is 
controlled by the central autonomic effect on the barorecep-
tor system. Many brain areas, considered to be important 
players in the development and control of emotions, have 
been found to reduce the sensitivity of arterial baroreflex un-
der stress (21). Based on these studies, researchers have sug-
gested that brain abnormality is associated with exaggerated 
blood pressure responses to stress in groups at high risk of de-
veloping hypertension (22). In addition, the sensitization of Ang 
II signaling may lead to susceptibility to cardiovascular disease 
(24). It has been suggested that such cardiovascular responses 
may promote structural changes in vascular tissues and thus 
lead to the development of hypertension (23).  

Few studies have investigated the effects of MS on car-
diovascular parameters and/or functions. Loria et al. (24) fo-
und that 12-week-old male rats which were exposed to MS 
had no change in mean arterial pressure (MAP) and heart 
rate (HR).  Sanders and Anticevic (25) reported that baseline 
levels of MAP and HR were similar between control and MS 
rats in the effects of early life stress on cardiovascular func-
tion in borderline-hypertensive rats; however, MS rats expo-
sed to restraint stress showed an increased HR response, alt-
hough they did not report a significant difference in blood 
pressure responses. These data were obtained when pups 
exposed to the MS protocol became adults. By contrast in 
our study, the cardiovascular reflection of MS stress in dams 
was investigated at the blood pressure level. Consistent with 
our study, we hypothesize that increased sympathetic nerve 
activation, associated reduced sensitivity of the arterial ba-
roreflex and sensitization of Ang II signaling may be among 
the possible causes of increased systolic and diastolic blood 
pressure values due to maternal separation. 

In conclusion, MS anxiety stress in dams may lead to an 
increase in systolic and diastolic blood pressure. However, 
the underlying mechanisms remain to be evaluated. 



Ekici, Dicle Univ Vet Fak Derg 2021;14(1):31-34 The Effect of Maternal-Pup Separation on Maternal Systolic… 

 
34 

 

REFERENCES 

 1.  Mogi K, Nagasawa M. (2011). Developmental Consequences 
and Biological Significance of Mother-Infant Bonding. Prog Ne-
uropsychopharmacol Biol Psychiatry.  35: 1232–1241. 

2.  Okabe S, Nagasawa M, Mogi K. (2012). The Importance of Mot-
her-Infant Communication for Social Bond Formation in Mam-
mals. Anim Sci J. 83: 446–452. 

3.  Kristal MB. (2009). The Biopsychology of Maternal Behavior in 
Non-Human Mammals. ILAR J. 50: 51-63. 

4.  Cramer CP, Thiels E, Alberts JR. (1990). Weaning in Rats: I. Ma-
ternal Behavior. Dev Psychobiol. 23: 479–493. 

5.  Lippmann M, Bress A, Nemeroff CB, Plotsky PM, Monteggia LM. 
(2007). Long-Term Behavioural and Molecular Alterations Asso-
ciated with Maternal Separation in Rats. Eur J Neurosci. 25(10): 
3091-3098. 

6.  Gardner KL, Thrivikraman KV, Lightman SL, Plotsky PM, Lowry 
CA. (2005). Early Life Experience Alters Behavior During Social 
Defeat: Focus on Serotonergic Systems. Neuroscience. 136(1): 
181-191.  

7.  Plotsky PM, Meaney MJ. (1993). Early, Postnatal Experience Al-
ters Hypothalamic Corticotropin-Releasing Factor (Crf) Mrna, 
Median Eminence Crf Content and Stress-Induced Release in 
Adult Rats. Brain Res Mol Brain Res. 18(3): 195-200. 

8.  Levine S. (2005).  Developmental Determinants of Sensitivity 
and Resistance to Stress. Psychoneuroendocrinolog. 30: 939–
946.  

9.  Oreland S, Pickering C, Gokturk C, Oreland L, Arborelius L, Ny-
lander I. (2009). Two Repeated Maternal Separation Procedu-
res Differentially Affect Brain 5-Hydroxytryptamine Transporter 
and Receptors in Young and Adult Male and Female Rats. Brain 
Res. 1305(Suppl): S37–S49.  

10. Boccia ML, Razzoli M, Vadlamudi SP, Trumbull W, Caleffie C, Pe-
dersen CA. (2007). Repeated Long Separations from Pups Pro-
duce Depression-Like Behavior in Rat Mothers. Psychoneuroen-
docrinology. 32: 65–71. 

11. Sung YH, Shin MS, Cho S, et al. (2010). Depression-Like State in 
Maternal Rats Induced by Repeated Separation of Pups Is Ac-
companied by A Decrease of Cell Proliferation and an Increase 
of Apoptosis in The Hippocampus. Neurosci Lett. 470(1): 86-90.  

12. Kurata A, Morinobu S, Fuchikami M, Yamamoto S, Yamawaki S. 
(2009). Maternal Postpartum Learned Helplessness (Lh) Affects 
Maternal Care by Dams and Responses to The Lh Test in Ado-
lescent Offspring. Horm Behav. 56: 112–20. 

13. Brunton PJ, Russell JA, Douglas AJ. (2008). Adaptive Responses 
of the Maternal Hypothalamic–Pituitary Adrenal Axis During 
Pregnancy and Lactation Neuroendocrinology. J Neuroendocri-
nol.7: 764–76. 

14. van Zyl PJ, Dimatelis JJ, Russell VA. (2016). Behavioural and Bi-
ochemical Changes in Maternally Separated Sprague-Dawley 
Rat Sex Posed to Restraint Stress.  Metab Brain Dis. 31(1): 121-
33. 

15. Daniels WM, Pietersen CY, Carstens ME, SteinDJ. (2004). Mater-
nal Separation in Rats Leads to Anxiety-Like Behavior and A 
Blunted Acth Response and Altered Neurotransmitter Levels in 
Response to A Subsequent Stressor. Metab Brain Dis. 19(1-2): 
3-14. 

16. Orso R, Wearick-Silva LE, Creutzberg KC, et al. (2018). Maternal 
Behavior of the Mouse Dam Toward Pups: Implications for Ma-
ternal Separation Model of Early Life Stress. Stress. 21(1): 19-
27. 

17. Maniam J, Morris MJ. (2010). Long-Term Postpartum Anxiety 
and Depression-Like Behavior in Mother Rats Subjected to Ma-
ternal Separation Are Ameliorated by Palatable High Fat Diet. 
Behav Brain Res. 208: 72–9. 

18. Brummelte S, Galea LA. (2010). Depression During Pregnancy 
and Postpartum: Contribution of Stress and Ovarian Hormo-
nes. Prog Neuropsychopharmacol Biol Psychiatry. 34(5): 766–
776.  

19. Lang PJ, Davis M, Ohman A. (2000). Fear and Anxiety: Animal 
Models and Human Cognitive Psychophysiology. J Affect Di-
sord. 61: 137–159.  

20. DiBona GF, Esler M. (2010). Translational Medicine: The An-
tihypertensive Effect of Renal Denervation. Am J Physiol Regul 
Integr Comp Physiol. 298: 
R245–R253. 

21. Gianaros PJ, Onyewuenyi IC, Sheu LK, Christie IC, Critchley HD. 
(2012). Brain Systems for Baroreflex Suppression During Stress 
in Humans. Hum Brain Mapp. 33: 1700 –1716. 

22. Jennings JR, Zanstra Y. (2009). Is the Brain the Essential in Hy-
pertension? Neuroimage. 47(3): 914-921. 

23. Gianaros PJ, Sheu LK. (2009). A Review of Neuroimaging Studies 
of Stressor-Evoked Blood Pressure Reactivity: Emerging Evi-
dence for A Brainbody Pathway to Coronary Heart Disease Risk. 
NeuroImage. 47: 922–936. 

24. Loria AS, Pollock DM, Pollock JS. (2010). Early Life Stress Sensi-
tizes Rats to Angiotensin II-Induced Hypertension and Vascular 
İnflammation in Adult Life. Hypertension. 55(2): 494-499.  

25. Sanders BJ, Anticevic A. (2007). Maternal Separation Enhances 
Neuronal Activation and Cardiovascular Responses to Acute 
Stress in Borderline Hypertensive Rats. Behav Brain Res. 183: 
25–30. 

 

 

 

 

 Corresponding Author: 
Mehmet EKİCİ 
Department of Veterinary Physiology, Faculty of Veteri-
nary Medicine, Sivas Cumhuriyet University, 58140, Sivas, 
TURKEY  
E-posta: mehmetekici@cumhuriyet.edu.tr 

https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Zyl%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=26555398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dimatelis%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=26555398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=26555398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daniels%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=15214501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pietersen%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=15214501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carstens%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15214501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stein%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=15214501

