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The aim of this study was to determine the effects of oxytocin and carazolol 

on uterine involution in postpartum Kıvırcık ewes. Thirty primiparous suckling 

Kıvırcık ewes were divided into 3 groups: carazolol, oxytocin, and control. The 

ewes underwent transcutaneous B-mode USG in the 1st week after birth, and 

the examinations continued via transrectal USG until the 28th day of 

postpartum (pp). The pulsatility index (PI), resistive index (RI), and 

systolic/diastolic (S/D) velocity ratio were recorded for uterine artery by 

Doppler USG. On postpartum 21st day, gravid horn diameter reduction was 

best achieved in the carazolol group. The PI values were found to be 

statistically significant (P˂0.001) on days 14 and 21 pp. The mean RI values of 

uterine artery were statistically higher (P˂0.01) in the oxytocin group. The 

highest RI value was detected on the 14th day of pp. The carazolol group had 

statistically higher (P˂0.05) mean S/D values when compared to other groups. 

In conclusion, the most effective drug used to accelerate involution was found 

to be carazolol. The drugs used in this study appeared to have a contraction 

effect on the uterine arteries. 
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Introduction  

The postpartum period includes many progressive 

changes in the genital tract during the transition to the 

normal, pregravid state. The completion of uterine 

involution and regeneration of ovarian activity are 

essential for the resumption of the normal estrous cycles, 

allowing for pregnancy to occur again (27, 38, 39). Uterine 

involution is completed by day 28 in ewes. During this 

process, the width of the endometrium and myometrium 

decreases gradually to the minimum amount (16). The size 

of the uterus decreases rapidly from the 3rd to the 10th day 

postpartum (27). Degeneration of the caruncular and 

uterine surface occurs at the end of the 16th day pp (27). 

According to this degeneration, lochia, a thick, brown-

colored discharge composed of fluids and cells originates 

directly in the uterus after parturition (32, 35). Doppler 

USG is a noninvasive technique that provides information 

about blood flow and vascular perfusion (15). Uterine 

blood flow changes have been evaluated in many species, 

including women (19, 26), cows (22), mares (25), dogs 

(10), sheep, and goats (14) to observe the progressive 

changes in the uterus during puerperium. Elmetwally et al. 

(13) used color Doppler USG to detect uterine blood flow 

throughout gestation in small ruminants transrectally. 
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They used the urinary bladder as a landmark during 

transrectal examinations and they activated the color 

Doppler function of the ultrasound device to detect and 

visualize the uterine arteries. 

Carazolol 1’s chemical structure is (carbazol-4-

yloxy)-3-isopropilamino-2-propanolol; it is a beta-

adrenoreceptor blocker drug and an adrenaline analogue 

of catecholamine. It has a blocking capacity of 

approximately 12 hours (2). Carazolol was reported used 

in many animal species to cure stress-induced circulatory 

disorders, especially in pigs; reduce fetal deaths caused by 

poor uterine contractions; shorten the parturation time that 

gives birth to multiple offsprings, thereby decreasing the 

loss of offspring; collect semen from men; artificially 

inseminate females; and, in combination with other drugs, 

treat endometritis in cattle and both prevent and treat 

retained placenta, which is formed due to dystocia (8, 29). 

Carazolol increases the uterine contractions when used via 

iv injection in sows (30). Januszewski (20) reported that 

the uterine contractions of cows treated with carazolol 

were more potent and the uterine involution was more 

rapid than those of the control cows. Delayed uterine 

involution in the pp period can impair the excretion of the 

lochia, which is a beneficial medium for microorganisms 

that may lead to the formation of various types of metritis. 

According to one study, beta-adrenergic receptor blockers 

used in the pp period of cows hastens the uterine 

involution and reduce the risk of placental retention and 

endometritis (34). Oxytocin is widely used in domestic 

animals to stimulate myometrial contractions in various 

conditions, including the expulsion of fetuses from the 

uterus, to enhance or accelerate uterine involution, or to 

reduce the incidence of uterine disorders (7, 23). The 

effects of these drugs seem to decrease with the 

progressive involution of the uterus with their local action 

in the uterine blood flow rather than systemic circulation. 

The purpose of this study is to investigate the 

involution of the sheep uterus in the pp period following 

the use of carazolol and oxytocin by pulsed-wave Doppler 

USG. The previous studies on pp uterus were mostly 

performed by B-mode USG. According to the author’s 

knowledge, this is the first report that investigates these 

findings. 

 

Material and Methods 

Animals and management: Thirty primiparous suckling 

Kıvırcık ewes (2-3 years old, gave birth to singletons) 

were used without any uterine infection or metabolic 

disease in the study. No dystocia was detected in any of 

the ewes included in the study. The ewes were housed in 

a barn with access to outside runs. The animals had ad 

libitum access to hay, a mineral supplement, and water. 

The ewes were fed with a standard ration prepared by the 

Department of Animal Breeding, Veterinary Faculty, 

University of İstanbul-Cerrahpaşa, according to their 

nutritional status. Ethical approval for the study was 

obtained from the Istanbul University Animal Research 

and Ethics Committee (2018/47, 31.05.2018). 

 

Study design: The ewes were divided into 3 groups 

randomly. A dose of 0.5 mg/sheep carazolol (Simpanorm, 

Fatro Italy, 100ml) according to the drug prescription, 10 

IU/ sheep oxytocin (Teknovet Oxytocin, Vetaş, Türkiye, 

50 ml), and 1 ml/sheep saline solution were administered 

i.m. to carazolol group, oxytocin group, and the control 

group, respectively. All of the medications were given bid 

on the first 3 days pp and no injection were performed 

after the 3rd day of pp. The first day of the delivery was 

considered to be day 1 of the study. 

 

B mode USG: Ultrasonography was performed on days 1, 

2, 3, 7, 14, 21, and 28, once per day. The ultrasonographic 

examinations were performed 30 minutes after the 

carazolol injection in group C and 10 minutes after the 

oxytocin injection in group O. The ewes underwent 

transcutaneous B-mode USG (Esaote Pie Medical MyLab 

Five Vet, 5-8 MHz microconvex transducer, Esaote Pie 

Medical, Genoa, Italy) in the first week after birth to better 

visualize the enlarged uterus. For examination by 

transcutaneous technique, hair in the inguinal and caudal 

abdomen region was fully clipped, and a coupling gel was 

applied. The examinations were continued by transrectal 

USG (Esaote Pie Medical MyLab Five Vet, 10-MHz 

linear transducer, Esaote Pie Medical, Genoa, Italy) 

thereafter. The gravid and nongravid uterine horn 

diameter, the caruncular diameter were measured by B-

mode ultrasonographic examination. The presence of fluid 

in the uterus and the character of the discharge were 

recorded. The uterine lumen diameter measurements were 

taken on the largest uterine horn without discrimination of 

gravid or nongravid uterine horn diameter in all animals. 

The completion of uterine involution was assigned to each 

ewe as the day when the transversal diameter of the uterus 

returned to its original nonpregnant size (as in the oestrus 

cycle), ≤ 2 cm, and the uterine cavity was empty. 

 

Pulsed-wave Doppler examinations for uterine artery in 

postpartum period of ewe: The uterine artery in the pp 

ewe was evaluated transrectally at the standing position, 

as described by Elmetwally et al. (13). The feces were 

evacuated manually, and then 10-15 ml of ultrasound gel 

was applied intrarectally and a rod fixed transducer was 

introduced into the rectum. The color flow mode was 

activated on the device to identify the localization of the 

uterine artery. When the uterine artery was found cranio-

lateral to the bladder and close to the external iliac artery, 

a spectral mode was activated on the device, and the 

insonation angle was set to ≤ 60 (Figure 1). Cardiac cycles  
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Figure 1. When the optimum color flow 

was achieved during ultrasonographic 

examinations, the pulsed-wave Doppler 

function was activated. 

 

of the uterine artery have a characteristic diastolic notch. 

This notch is useful in demonstrating that the arteries of 

the sampling vessel belong to the arteria uterina (12). At 

least three consecutive cardiac cycles were taken in the 

same speed range. The hemodynamic parameters of the 

uterine artery, including the PI, RI, and S/D, were 

calculated automatically by the device. 

 

Statistical analysis: Statistical analyses of the 

characteristics were conducted using the GLM repeated 

measures method between groups. The differences 

between the groups were compared with the Duncan 

method. The data were analyzed using an SPSS version 

13.0 package program. For all statistical analyses 

performed, P<0.05 was accepted as significant. 

 

Results 

B mode USG results: The uterus could be visualised by 

transcutaneous USG during the first 3 days pp. However, 

the USG examinations were performed transrectally 

thereafter. The involution period was examined until the 

28th day of pp in this study, and it was found to cease 

mostly on the 21st day, except in the 6 and 7 animals the 

oxytocin and control groups, respectively. In addition, 

involution ceased on the 14th day of pp in 1 ewe and 2 ewes 

from the oxytocin and carazolol groups, respectively. 

Thus, statistical analysis was conducted for all groups 

according to the 21st day of completion of the uterine 

involution in the study. The postpartum gravid horn 

diameter on the first day of pp was similar in all groups 

and was not statistically different between groups (P> 

0.05) (Table 1). The gravid horn diameter decreased more 

rapidly in the oxytocin group than the carazolol group on 

day 2 pp and was statistically significant (P˂0.01). The 

carazolol administration had a better effect on uterine 

involution on days 14 and 21 according to the pp gravid 

horn diameter and was found to be statistically significant 

on days 14 (P˂0.05) and 21 (P˂0.001) when compared to 

the other groups (Table 1). However, there were time-

dependent significant differences (P<0.001) between all 

groups throughout the experiment days according to the 

pp gravid horn diameter results. The mean pp gravid horn 

diameter was 5.27±0.115 cm for all groups at the end of 

the 21st day of pp; gravid uterine horn diameter reduction 

was the best achieved (1.70±0.05 cm) in the carazolol 

group (Table 2). The diameter of the nongravid horn was 

lowest in the oxytocin-administered group compared to 

the other groups and was statistically significant on days 

1, 2, and 3 (P<0.01, P<0.001, and P<0.01, respectively). 

But when the overall results were evaluated, carazolol was 

found to be more effective due to the decrease in the 

diameter of the pp nongravid horn on day 21 when 

compared to other groups and was statistically significant 

(P˂0.05) (Table 1). All of the values tended to decrease 

throughout the experiment days, and there were time-

dependent significant differences (P<0.001) between all 

groups. The thinnest mean diameter of the pp nongravid 

horn was that of the oxytocin-administered group 

compared with the other groups, and it was statistically 

significant (P˂0.001). The mean pp nongravid horn 

diameter for all of the groups was 3.733±0.077 cm (Table 

2). On day 2, the oxytocin group’s pp caruncule diameters 

decreased more rapidly compared with the other groups, 

and it was statistically significant (P<0.001) (Table 1). 

The thinnest mean caruncule diameter was that of the 

oxytocin-administered group compared with the other 

groups, and it was statistically significant (P˂0.05). All of 

the values tended to decrease throughout the experiment 

days, and there were time-dependent significant 

differences (P<0.001) between all groups (Table 2). 
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Table 1. The evaluation of the uterine measurements on experiment days according to the study groups. 

Characteristics PGHD (cm) PNGHD  (cm) CD (cm) 

Groups Carazolol Oxytocin Control Carazolol Oxytocin Control Carazolol Oxytocin Control 

Days Mean ± 

Std Err 

Mean ± 

Std Err 

Mean ± 

Std Err 

Mean ± 

Std Err 

Mean ± 

Std Err 

Mean ± 

Std Err 

Mean ± 

Std Err 

Mean ± 

Std Err 

Mean ± 

Std Err 

1 
8.78±0.24 8.34±0.18 9.07±0.46 6.64±0.27a 5.33±0.30b 6.96±0.48a 2.25±0.09 2.07±0.12 2.19±0.06 

NS ** NS 

2 
8.25±0.23a 6.79±0.33b 7.68±0.57ab 5.98±0.35a 4.18±0.21b 6.00±0.31a 1.94±0.06a 1.59±0.04b 1.94±0.08a 

* *** *** 

3 
6.58±0.24 5.57±0.26 6.13±0.42 4.64±0.39a 3.28±0.16b 4.53±0.24a 1.51±0.08 1.31±0.04 1.48±0.10 

NS ** NS 

7 
3.94±0.18 4.17±0.17 4.60±0.34 2.73±0.05 2.78±0.08 2.96±0.14 1.04±0.04 1.07±0.02 1.15±0.07 

NS NS NS 

14 
2.51±0.20b 2.94±0.22ab 3.40±0.22a 1.88±0.12 2.18±0.10 2.29±0.13 

 
* NS 

21 
1.70±0.05b 2.12±0.10a 2.37±0.12a 1.48±0.03b 1.57±0.11b 1.80±0.14a 

*** * 

PGHD:Postpartum gravid horn diameter,  PNGHD: Postpartum nongravid horn diameter, CD: Caruncule diameters. 

NS: P>0.05, * : P<0.05, **: P<0.01, ***: P<0.001  
a, b, c: the difference between the characteristcs indicated by different letters in the same line is significant. 

 

 

Table 2. The results of the study and statistical analysis of the groups vs time. 

Characteristics 

PGHD (cm) PNGHD (cm)        CD (cm) PI              RI S/D 

Mean±Std. 

Error 

Mean±Std. 

Error 

Mean±Std. 

Error 

Mean±Std. 

Error 

Mean±Std. 

Error 

Mean±Std. 

Error 

Groups 

Carazolol 5.296±0.199 3.891±0.134a 1.686±0.052a 2.170±0.078 0.814±0.08a 12.705±0.215a 

Oxytocin 4.990±0.199 3.221±0.134b 1.511±0.052b 2.052±0.078 0.815±0.08a 11.516±0.215b 

Control 5.541±0.199 4.088±0.134a 1.690±0.052a 1.944±0.078 0.779±0.08b 9.943±0.215c 

 NS *** * N.S. ** * 

Time 

1 8.730±0.182a 6.311±0.209a 2.171±0.054a 1.824±0.079c 0.798±0.007c 5.833±0.156e 

2 7.575±0.231b 5.387±0.171b 1.826±0.036b 1.828±0.081c 0.791±0.010bc 9.443±0.250d 

3 6.094±0.184c 4.146±0.161c 1.432±0.046c 1.724±0.049c 0.761±0.008d 11.584±0.325c 

7 4.236±0.141d 2,820±0,057d 1.088±0.027d 2.081±0.058b 0.811±0.009bc 12.688±0.288b 

14 2.953±0.125e 2.116±0.068e  2.459±0.083a 0.843±0.010a 15.692±0.216a 

21 2.064±0.053f 1.619±0.060f  2.414±0.088a 0.812±0.005b 13.085±0.193b 

 *** *** *** *** *** *** 

Group*Time  *** *** * NS NS *** 

Overall 

Average  

 5.275±0.115 3.733±0.077 1.629±0.030 2.055±0.045 0.803±0.008 11.388±0.124 

PGHD: Postpartum gravid horn diameter,  PNGHD: Postpartum nongravid horn diameter, CD: Caruncule diameters. 

NS: Non-significant, P>0.05, * P<0.05,**P<0.01, *** P<0.001 
a,b,c,d,e,f: The significance between the groups in the columns is shown in different letters 

 

 

Pulsed-wave Doppler USG results for uterine artery in 

postpartum period of ewe: According to the Doppler 

ultrasonographic examinations, the PI values of the 

uterine artery were not statistically significant (P˃0.05) 

between groups throughout the pp period (Table 3). In 

fact, the PI values fluctuated throughout the study period. 

The mean PI value for all groups was 2.055±0.045. The PI 

values on pp days 14 and 21 were statistically significant 

(P˂0.001) when compared with the other examination 

days (Table 2). The mean RI value of the uterine artery 

was higher (0.815±0.08) in the oxytocin group and was 

statistically significant (P˂0.01) when compared with the 

other groups. The highest RI value was detected on the 

14th day of pp and was statistically significant (P˂0.001). 
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The RI values fluctuated throughout the study period 

(Table 2). Although there was a fluctuation in the S/D 

values throughout the pp period in all groups, the carazolol 

group, compared to the oxytocin and control groups, had 

a higher mean of S/D values and was statistically 

significant (P˂0.05) (Table 2). Specifically, the carazolol 

group had a higher mean S/D value and was statistically 

significant (P<0.001) between all groups on pp days 2., 3. 

and 21 (Table 3). Meanwhile, on pp days 7 and 14, the 

oxytocin group had a higher mean S/D, which was 

statistically significant (P˂0.05 and P<0.001, 

respectively) between all groups (Table 3). The mean S/D 

of all the groups was detected as 11.388±0.124. The S/D 

values were statistically significant (P˂0.001) on pp day 

14 when compared to the other examination days (Table 

2). There were significant time-dependent changes in all 

parameters (PI, RI and S/D) of the uterine artery 

throughout the study (P<0.001), (Table 2). The findings of 

uterine fluid accumulation and vaginal discharge 

throughout the study period are shown in Table 4. 

 

 

Table 3. The evaluation of the hemodynamic changes of the uterine artery on experiment days according to the study groups. 

Characteristics PI RI S/D 

Groups Carazolol Oxytocin Control Carazolol Oxytocin Control Carazolol Oxytocin Control 

Days Mean ±  

Std Err 

Mean ±  

Std Err 

Mean ±  

Std Err 

Mean ±  

Std Err 

Mean ±  

Std Err 

Mean ±  

Std Err 

Mean ±  

Std Err 

Mean ±  

Std Err 

Mean ±  

Std Err 

1 
1.98±0.14 1.82±0.178 1.67±0.057 0.82±0.009a 0.81±0.016a 0,77± 0,008b 6.08±0.26 5.80±0.26 5.62±0.29 

NS * NS 

2 
2.09±0.19 1.73±0.14 1.66±0.14 0.83±0.02a 0.79±0.01ab 0.75±0.007b 12.34±0.54a 8.04±0.36b 7.94±0.38b 

NS ** *** 

3 
1.83±0.05 1.700±0.13 1.63±0.011 0.76±0.01 0.77±0.02 0.75±0.01 13.61±0.68a 11.61±0.47b 9.54±0.52c 

NS NS *** 

7 
2.23±0.14 2.03±0.83 1.97±0.48 0.81±0.002 0.83±0.001 0.79±0.008 13.17±0.38a 13.46±0.56a 11.43±0.53b 

NS NS * 

14 
2.30±0.23 2.63±0.08 2.45±0.006 0.83±0.02 0.88±0.01 0.82±0.02 16.78±0.32a 16.85±0.46a 13.45±0.32b 

NS NS *** 

21 
2.57±0.24 2.39±0.09 2.28±0.06 0.83±0.009a 0.82±0.01ab 0.79±0.005b 14.25±0.44a 13.33±0.19a 11.67±0.33b 

NS * *** 

NS: P>0.05, * : P<0.05, **: P<0.01, ***: P<0.001 
a, b, c: the difference between the characteristcs indicated by different letters in the same line is significant. 

 

 

 

Table 4. The presence of uterine fluid during ultrasonographic examinations and determination of bloody vaginal discharge throughout 

the involution period. 

 

 

Carazolol Group Oxytocin Group 

Bloody vaginal 

discharge 

Presence of 

Uterine fluid 

Bloody vaginal 

discharge 

Presence of 

Uterine fluid 

Ewes ID 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

Day 1 + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

Day 2 + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

Day 3 + + - - - + + - - - + + + + + + + + + + + + - + - + + - + - + - + + + + + + + + 

Day 7 + - - - - + - - - - + - - - - + - - - - + - - - - + - - - - + - - - - - + + - - 

Day 14 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Day 21 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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Table 4. The presence of uterine fluid during ultrasonographic examinations and determination of bloody vaginal discharge throughout 

the involution period (continued). 

 Control Group 

Bloody vaginal discharge Presence of Uterine fluid 

Ewes ID 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

Day 1 + + + + + + + + + + + + + - + + + + + - 

Day 2 + + - - + - + - - - + + - + + + + + - + 

Day 3 - - + - + - - - + - + - - - + - + - - - 

Day 7 - + + - + - - - - - - + + - + - - - - - 

Day 14 - - - - - - - - - - - - - - - - - - - - 

Day 21 - - - - - - - - - - - - - - - - - - - - 

 

 

 

Discussion and Conclusion 

There are very few reports on postpartum uterine 

involution in small ruminants, and most of them focus on 

postmortem evaluations (11, 17, 22); moreover, the 

previous studies on the postpartum uterus were mostly 

performed only by B-mode USG (1, 3, 18, 38). This study 

was designed to investigate, by pulsed-wave Doppler 

sonography, the involution of the sheep uterus in the 

postpartum period following the delivery of medications 

that contract the uterus. In a study, the effect of 

prostaglandins (PGF2α) and oxytocin on postpartum 

uterine involution of Awassi ewes were evaluated (3) 

which the postpartum gravid horn diameter was found as 

6.50±0.45 and 6.45±0.25 in the PGF2α and oxytocin 

groups, respectively, on the 7th day after parturition. On 

the 21st day of pp, Ahmed et al. (3) found the diameter to 

be 2.92±0.43 and 3.45±0.13 in the PGF2α and oxytocin 

groups, respectively. The pp gravid horn diameter 

decreased more rapidly in the current study than in Ahmed 

et al.’s (3) study. In addition, carazolol (3.94±0.18 cm) 

was found to have a more effective reduction than 

oxytocin (4.17±0.17 cm) on the 7th day of pp. The 

involution period was completed on the 21st pp day in this 

study; on the other hand, Ahmet et al. (3) reported the 

involution period as ending on the 28th day pp. This 

difference could be attributed to the different medications 

used in the studies. The mean pp gravid horn diameter 

(1.70±0.05 cm) decreased the best to the lowest diameter 

in the carazolol group on pp day 21, compared with 

2.12±0.10 cm and 2.37±0.12 cm for the oxytocin and 

control groups, respectively, in this study. The gravid horn 

diameter was found to be smaller on the first day of pp in 

Elmetwally and Bollwein’s (14) study than in this one. 

However, this parameter ended up being much smaller at 

the end of the current study compared with their study. 

Although the drugs used in this study cause the uterus to 

contract, these differences may have resulted from the 

greater gravid horn diameter measurement at the begining 

and the different breed (German Merino vs. Kıvırcık) of 

ewes used in both of the studies. Bademkiran and Horoz 

(6) compared the effect of carazolol and cloprostenol on 

the involution of cows and found that carazolol had 

shortened the completion of the involution compared with 

cloprostenol, but the difference in the involution time 

between these groups was not statistically significant. 

Hauser and Bostedt (18) measured a linear reduction of 

the caruncule size throughout the involution period in 

ewes, with an initial value of 2.02±0.16 cm on day 1 pp. 

They found a 1.24±0.17 cm caruncule diameter on day 8 

pp and stated that ultrasonographic differentiation and 

accurate measurements of the caruncules were almost 

impossible to be carried out after day 8 pp. In the current 

study, similar results were achieved. On day 1 pp in 

unmedicated; control group, a caruncule diameter of 

2.19±0.06 cm was recorded, and the caruncules were 

undetectable on the ultrasound screen after day 7 pp. The 

mean caruncule diameter was 1.15±0.07 cm on the last 

examination on day 7 pp, and no other measurements 

could be achieved for caruncule diameters on pp days 14, 

21, and 28 of this study, ultrasonographically. 

Krajnicakova et al. (21), on the other hand, detected 

relatively measurable caruncles on the endometrium on 

day 17 pp, and the caruncles were barely visible on day 25 

in their study of the microscopic examination of tissues 

obtained from the animals postmortem. The difference in 

the study plans may explain the different time points at 

which the caruncles disappeared. In a study that 

investigated the vascular changes of the uterine artery 

during pregnancy and the postpartum period, uterine 

artery S/D, PI, and RI were found to increase significantly 

after parturition (pp day 1). The maximum levels detected 

at PI and RI on the 15th day pp can be associated with the 

morphological regression of the uterus in the ewes (37). 

The onset of uterine involution is evident by a decrease in 

uterine blood supply. The cessation of circulating 

hormone concentrations due to the expulsion of fetal 
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membranes, vasodilation effect on uterine artery was 

found to be disappeared indeed decreasing of local blood 

perfusion leads to placental detachment (28). An acute 

reduction of uterine vasculature during the pp period is 

essential for uterine involution and endometrial repair 

(37). In this study, the same results were achieved for PI 

and RI values (2.459±0.083 and 0.843±0.010, 

respectively) for the uterine artery 14 days after lambing. 

The increase in PI and RI observed in this study is 

compatible with the decreased perfusion and decreased 

blood supply to the tissue. Elmetwally and Bollwein (14) 

reported constantly increasing PI values throughout the 

involution period in ewes, especially on day 6 pp, and their 

study’s PI values ranged between approximately 0.5 (min) 

and 1.5 (max) during the 21 days of pp. In this study, the 

PI values ranged between 1.63 (min) and 2.63 (max) in 

different groups on different days of the study throughout 

the involution period. This difference may be a result of 

the decreased blood flow volume caused by medications 

used in this study that led to the contraction of the uterus. 

Birth was inducted with a progesterone antagonist 41 

hours prior to the estimated date of lambing in Veiga et 

al.’s (37) study; the mean RI was ≅ 0.55, and the mean PI 

was ≅ 0.80 on pp day 1. In this study, the mean RI was 

0.82±0.09 in the carazolol group, 0.81±0.016 in the 

oxytocin group, and 0.77±0.08 in the control group, 

respectively on pp day 1. The mean PI was 1.98±0.14 in 

the carazolol group, 1.82±0.178 in the oxytocin group, and 

1.67±0.057 in the control group, respectively on pp day 1. 

The mean values of PI and RI were clearly higher than 

those of Veiga et al.’s (37) study. This difference may be 

due to the different protocols and the administration of 

different hormones in the studies. The RI values found in 

the present study were higher than Veiga et al.’s (37) 

results. The higher resistance detected in this study can be 

an indication of the decreased uterine artery’s diameter 

and lower blood flow. In this study, when we investigated 

the average RI values of all the groups, we found that the 

highest mean RI value belonged to the oxytocin group, and 

the highest value was 0.843±0.010 on the 14th day of pp, 

so the blood flow may have decreased due to oxytocin use. 

This finding supports the finding of oxytocin receptors in 

vascular smooth muscle by Chen et al. (9) and Miller et al. 

(24). Furthermore, Vedernikov et al. (36) found that 

oxytocin can contract the uterine artery via its own 

receptors. Additionally, in this study, the carazolol results 

for this parameter (mean RI values) were very close to the 

oxytocin results, both of which were statistically 

significant (P˂0.01) compared to the control group’s 

results. Veiga et al. (37) detected an increased PI and RI 

and a peak S/D ratio 15 days after lambing, and they 

reported that this increase may be attributed to the 

decrease in the diameter and blood flow volume of the 

uterine artery, which was associated with the 

morphological regression of the uterus; this ratio tended to 

decrease on the 30th pp day in their study. Our study results 

regarding the S/D ratio are in line with Veiga et al.’s (37) 

study, and the same ratio tended to decrease in this study 

on day 21 pp. The highest mean S/D ratio was detected in 

the carazolol-administered group, and it was statistically 

significant (P˂0.05) when compared with the other 

groups. The highest S/D ratio was 15.692±0.216 on day 

14 pp. Elmetwally and Bollwein (14) reported the 

completion of the clearance of lochia occurring between 

days 12 and 15 pp. In the current study, we determined 

that lochia was not seen in most animals past the 7th day. 

This difference can be attributed to the medications used 

in this study. Ahmed et al. (3) observed uterine fluid 

accumulation on pp days 4–7 days in Awassi ewes. 

Ababnef and Degefa (1) observed the accumulation of 

fluid and tissue debris during the first 4 days pp in Balady 

goats. Badawi et al. (5) reported uterine fluid 

accumulation during the first week pp in Nubian goats. In 

this study, bloody vaginal discharge and uterine fluid 

accumulation had disappeared on the 7th day pp, except for 

two animals that received carazolol. In the oxytocin-

administered ewes, as well, bloody discharge had 

disappeared on the 7th day of pp, except for two ewes, and 

fluid accumulation ended on day 7 pp in the oxytocin 

group, except for 3 ewes. Bloody vaginal discharge and 

uterine fluid accumulation disappeared on the 7th day pp, 

except for 3 animals, in the control group. The results of 

all these studies were similar to our study, but the 

differences between the studies might depend on the 

differences in animal breed and the species used in the 

experiments. Marnet et al. (23) reported that a lower dose 

of oxytocin (2 IU in total dose) was more effective for 

increasing rhythmic uterine contractions than higher 

doses. Tian and Noakes (33) and Sheldon et al. (31) 

reported that none of the hormonal treatments, including 

prostaglandin F2α, ostradiol-17 β, or an oxytocin analogue 

that was used shortly after lambing, had any effect on the 

increasing rate of uterine involution in sheep. Assali et al. 

(4) measured uterine blood flow with an electromagnetic 

flowmeter and suggested that the nonpregnant uterus was 

more responsive to the vasopressor hormone than to the 

oxytocic fraction. However, a contrary result exists for 

oxytocin in the pregnant or early pp uterus. They found 

that the decrease in the uterine blood flow induced by 

oxytocic drugs was due to its local action on uterine 

vessels. This action could be a result of direct 

vasoconstriction or a mechanical constriction of the 

vessels produced by contracting uterine musculature. 

In conclusion, the most effective drug used to 

accelerate involution was found to be carazolol, according 

to the pp gravid horn diameter regression in this study. The 
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increased RI and PI values may reflect the decrease in 

blood flow volume and uterine artery diameter. In this 

study, carazolol and oxytocin administration led to an 

increase in PI and RI values, respectively; while carazolol 

was found to be more effective in increasing the S/D ratio, 

which leads to a decrease in vessel blood flow volume. 

Hence, Doppler ultrasound imaging can be used 

successfully to evaluate hemodynamic changes in the 

uterine vasculature during the pp period and suggests that 

the drugs used in this study had a contraction effect on the 

uterine artery. It is thought that involution can be 

accelerated depending on the use of drugs that increase 

uterine contractions in ewes whose postpartum involution 

is delayed. 
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