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Introduction 

Alpha-2 adrenoceptor agonists, including xylazine, 

are clinically important medications used in animals. 

These are the most reliable sedatives licensed for use in 

livestock. Their other beneficial effects include creating 

analgesia, muscle relaxation, reducing the required 

dose of anesthesia induction and maintenance drugs, 
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Although xylazine is widely used in domestic animals as a sedative, analgesic, and muscle 

relaxant, its side effects on the uterus prevent its utilization in pregnant animals or in 

embryo transfer. Although the effects of xylazine on increasing uterine contractions have 

been confirmed, no reliable report of fetal death due to xylazine administration has been 

published. Hyoscine is an anticholinergic medication that has antimuscarinic and 

antispasmodic effects in the uterine tissue of pregnant cattle during in vitro studies, 

therefore, we investigated if administration of xylazine in the last third of pregnancy could 

increase fetal death and if hyoscine could prevent its adverse effects. Twenty adult female 

rats, after mating with four adult male rats and confirming pregnancy, were randomly 

divided into two equal control and treatment groups. On the 18th day of pregnancy, the 

number of fetuses per rat was determined using ultrasonography. Rats in the treatment 

group received hyoscine (1 mg/kg, intraperitoneally) for 3 days. Subsequently, all rats 

were administered xylazine (10 mg/kg, intraperitoneally) for 3 days. On the 21st day of 

pregnancy, the number of living and dead fetuses was counted after laparotomy. Also, the 

weight and dimensions of the fetuses were measured. The results showed that although 

more fetuses lost their lives in the treatment group compared to the control group, the 

statistical difference in the percentage of fetal mortality in the two groups was not 

significant (p  0.05). In addition, the comparison of the mean weight, body length, and 

body width of living and dead fetuses in both groups showed that there was no statistically 

significant difference between these groups (p  0.05). It could be concluded that maternal 

xylazine intake in rats could cause about 18-25% of fetal mortality. However, the use of 

hyoscine to prevent fetal death induced by xylazine is not recommended. 
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and weakening the stress response to pain and surgery. 

These effects are mainly due to interactions with α-2 

adrenoceptors in the central and peripheral nervous 

system. Despite the widespread use of these drugs, 

there are many unwanted clinical effects that must be 

overcome. Bradycardia, ileus and prolonged sedation 

leading to ataxia are among their most common clinical 

side effects. Other unwanted effects are 

vasoconstriction followed by increased blood pressure, 

decreased bowel movements, hyperglycemia, increased 

urination, increased uterine tonus, sweating, muscle 

tremors, increased salivation and tachypnea.1 

Xylazine is widely used as a sedative, analgesic and 

muscle relaxant in domestic animals, and its side effects 

on the uterus prevent its use in pregnant animals or in 

cases where it is important not to change the uterine 

tonus, for instance in embryo transfer. The 

administration of xylazine in mammals increases the 

number and intensity of uterine contractions. This 

effect is mediated through selective stimulation of 

postsynaptic α-2 adrenergic receptors in the uterus. 

Smooth muscle contraction induced by activation of 

these receptors is mediated by inhibition of adenylate 

cyclase activity. This leads to a decrease in the synthesis 

of cAMP, which increases the availability of cytoplasmic 

calcium by opening calcium channels.2 After examining 

bovine uterine tissue in vitro at different times of 

pregnancy using a tissue bath, researchers found that 

xylazine increased the intensity of contractions in 

almost all stages of pregnancy.3 A previous study 

showed that xylazine increased uterine tonus and 

decreased uterine arterial blood flow in pregnant goats 

by stimulating postsynaptic α-2 receptors in the 

uterus,4 therefore, despite the fact that the effects of 

xylazine in increasing uterine contractions have been 

confirmed, so far no reliable report has been published 

on the rate of fetal death due to the administration of 

xylazine to the dam. 

Tocolytic drugs prevent myometrial smooth muscle 

contractions. These medications include β-adrenergic 

agonists, calcium channel antagonists, oxytocin 

antagonists, non-steroidal anti-inflammatory drugs 

(NSAIDs) and magnesium sulfate. However, some of 

these medications are not paid much attention due to 

severe side effects (e.g., NSAIDs) or lack of clear 

positive effects (e.g., magnesium sulfate). Beta-agonists 

are also responsible for frequent adverse effects in the 

mother such as tachycardia, dyspnea, and anxiety and 

even rare fatal complications such as pulmonary 

edema, and today their use is more limited.5 Among β-2 

adrenoceptors, terbutaline, ritodrine, salbutamol, 

clenbuterol, and fenoterol have been used as potential 

inhibitors of uterine contractions that prevent both 

prostaglandin- and oxytocin-induced contractions in 

mid-pregnancy or during labor. The administration of 

clenbuterol and nifedipine (a calcium channel 

antagonist) 5 minutes before the administration of 

xylazine in pregnant goats had uterine relaxing effects 

and prevented the increase of uterine contractility due 

to xylazine.2 In another study, the addition of lidocaine 

to xylazine caused the intensity of contractions of 

bovine uterine tissue in laboratory conditions to be 

lower than when xylazine was used alone.3 Jang et al. 

concluded that Clostridium botulinum toxin A reduced 

the duration and intensity of uterine contractions 

caused by mifepristone.6 

Hyoscine (also known as scopolamine) is an 

anticholinergic drug that is well absorbed after oral or 

intravenous administration. Studies have shown that 

this medication is not teratogenic. The duration of its 

effect is about 40 minutes after intramuscular injection, 

however, its metabolites remain in the body for several 

hours. In a report, the administration of hyoscine to 

three women in whom attempts at in vitro fertilization 

(IVF) were unsuccessful due to uterine motility led to 

their conception.7 This antimuscarinic and spasmolytic 

substance has reduced the tonic effect of xylazine in the 

uterine tissue of pregnant cows in an in vitro study,8 

therefore, in the current study, the possible effects of 

hyoscine in reducing fetal mortality caused by 

myometrial contraction due to xylazine were 

investigated. Our hypothesis was that the 

administration of xylazine in the last third of pregnancy 

could cause fetal death by increasing uterine 

contractions, and hyoscine might prevent the adverse 

effect of xylazine by reducing uterine contractions. 

Materials and Methods 

Animals 

In this research, 20 adults female Wistar rats of 2 to 

3 months old with an average weight of 210 ± 28 g and 

4 adult male rats were used. All procedures were in 

accordance with the WMA Statement on Animal Use in 

Biomedical Research (reaffirmed by the 203rd WMA 

Council Session, Buenos Aires, Argentina, April 2016). 

Also, the research was approved by the 

Academic/Regional Committee of Ethics in Biomedical 

Research of University of Tabriz 

(IR.TABRIZU.REC.1399.047). Every five female rats 
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were kept in one cage. Before the beginning of the 

research, rats were given one week to get acclimatized 

to their environment. The light/dark cycle had 12-hour 

intervals, and the rats had free access to commercial 

pellets, corn, and tap water. 

Mating and Pregnancy Detection 

For mating, every five female rats were housed 

overnight with one male rat in the same cage. The 

observation of mucous plaque in the vulva in the early 

morning after mating was considered a confirmation of 

successful mating. Where the mating was successful, 

the female rat was transferred to a new cage and the 

other rats were allowed to stay with the male for 

another night. This work continued until the mating of 

all female rats was confirmed. The gestational age of 

rats was considered from the confirmed day of mating. 

It should be mentioned that pregnancy lasts 22 days in 

rats.9 

It has been reported that the correct diagnosis of 

pregnancy in rats by ultrasonography is 100% from the 

10th day of pregnancy onwards,10 therefore, in the 

present study, in the middle of the last third of 

pregnancy, i.e., on the 18th day after mating, pregnancy 

was diagnosed using an ultrasound device and the 

number of fetuses of each rat was counted. For this 

purpose, restraining was done by hand and the hair of 

the abdominal area was clipped, then ultrasonic gel 

(Polygel ultrasonic gel, Palizteb Co., Iran) was used and 

abdominal ultrasound was performed with a suitable 

transducer (Figure 1). 

Figure 1. Examining the pregnancy status and counting the 
number of fetuses in female rats on the 18th day after mating 
using an ultrasound machine. The dashed line shows the 
dorsal-ventral distance of the fetus. There are three fetuses in 
the picture. 

Grouping and Examining the Effects of Drugs 

After the diagnosis of pregnancy, the female animals 

were randomly divided into two equal groups including 

the control and the treatment groups. Rats in the 

treatment group received 0.2% hyoscine (Hyoscine 

Chimidarou, 20 mg/ml Amp, Iran), at a dose of 1 

mg/kg,11 and rats in the control group were given the 

same volume of normal saline intraperitoneally. In a 

study, intraperitoneal administration of 3 mg/kg 

scopolamine to Wistar and Sprague-Dawley rats caused 

convulsive movements,12 therefore, a higher dose of 

scopolamine was not used in this study. After that, all 

rats in both groups were administered xylazine 

hydrochloride (2%, Alfasan, Woerden, Holland), at a 

dose of 10 mg/kg intraperitoneally. Administration of 

hyoscine and xylazine continued for three days, i.e., 

days 18, 19, and 20 of pregnancy. On the 21st day of 

pregnancy, laparotomy was performed under general 

anesthesia with an intraperitoneal injection of 

ketamine hydrochloride (10%, Alfasan, Woerden, 

Holland), and xylazine (100 mg/kg and 20 mg/kg, 

respectively), and after performing a hysterectomy in 

both uterine horns, the number of live and dead fetuses 

were counted. Also, after removing the fetuses and 

separating the placenta, the weight and dimensions of 

the fetuses were measured using a digital scale 

(EK6100i precision digital scale, A&D, Tokyo, Japan), 

and digital vernier caliper (Guanglu Digital Caliper, 

China). After delivery, the rats were euthanized under 

general anesthesia by cervical vertebrae dislocation 

according to AVMA Guidelines for the Euthanasia of 

Animals. 

Statistical Analysis 

Statistical analysis was done using Minitab software 

(Minitab 16.2.0 Statistical Software, Minitab Inc., State 

College, PA, USA). The parameters of weight, body 

length and width of fetuses and their mortality rate 

were analyzed by student's t-test statistical method. 

The results of weight and body dimensions were 

presented as mean ± standard error of the mean (SEM) 

and the results of fetal mortality were presented as 

percentages. p < 0.05 was considered a statistically 

significant difference. 

Results 

There was no difference between the total number 

of fetuses counted using ultrasound on the 18th day 

and the number of fetuses observed during 
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laparohysterectomy on the 21st day, therefore, the 

diagnosis of pregnancy in rats with the ultrasound 

device was successful. Although more fetuses died in 

the treatment group (16 fetuses out of 58 fetuses 

counted) compared to the control group (9 fetuses out 

of 62 fetuses counted), the statistical difference in the 

percentage of fetuses lost in the two groups was not 

significant (p > 0.05) (Figures 2 and 3). The total 

number of live fetuses was 42 out of 58 fetuses in the 

treatment group and 53 out of 62 fetuses in the control 

group, and the percentage of live fetuses in the two 

groups was not statistically significant (p > 0.05). Table 

1 shows the percentage of live and dead fetuses in each 

group. 

In addition, the comparison of the average weight, 

body length, and body width of live and dead fetuses 

that had preserved their anatomical structure in both 

groups also showed that there was no statistically 

significant difference between these groups (p > 0.05). 

The average body weight ± SEM of the fetuses was 1.86 

± 0.09 g in the control group and 1.88 ± 0.14 g in the 

treatment group. The average body length ± SEM of 

fetuses was 26.14 ± 0.44 mm in the control group and 

25.74 ± 0.77 mm in the treatment group. Finally, the 

average body width ± SEM of the fetuses was 10.76 ± 

0.16 mm in the control group and 10.80 ± 0.27 mm in 

the treatment group, as shown in Table 2. 

It should be noted that among the live fetuses in the 

treatment group, 5 fetuses were abnormal in 

appearance and hyperemic. In addition, among the 

 

Figure 2. The condition of the rat fetuses of the control group 
on the 21st day of pregnancy. 

Figure 3. The condition of the rat fetuses in the treatment 
group on the 21st day of pregnancy. 

Table 1. The mean of live and dead fetuses’ percentage in rats 
of control (receiver of xylazine) and treatment (receiver of 
hyoscine and xylazine) groups. 

 Control Treatment p-value 

Live fetuses (%) 81.5 75.1 0.659 

Dead Fetuses (%) 18.5 24.9 0.658 

Table 2. Comparison of weight, body length, and body width 
of live and dead fetuses that had preserved their anatomical 
structure (mean ± SEM) in rats of control (receiver of 
xylazine) and treatment (receiver of hyoscine and xylazine) 
groups. 

 Control Treatment p-value 

Weight (g) 1.86 ± 0.09 1.88 ± 0.14 0.886 

Length (mm) 26.14 ± 0.44 25.74 ± 0.77 0.655 

Width (mm) 10.76 ± 0.16 10.80 ± 0.27 0.885 

dead fetuses in the treatment group, 13 fetuses were 

absorbed and deformed, and this number was 1 in the 

control group. Due to the fact that the body anatomy 

was not detectable in the absorbed fetuses and 

compared to the living or dead fetuses that had 

preserved their anatomical structure, they had a very 

small volume. The measurements of their body 

dimensions and weight were not included in the 

statistical analysis. Therefore, it could have been said 

that if these absorbed fetuses had been considered in 

the final results, the average weight and dimensions of 

the fetuses in the treatment group would have been be 

much lower than the control group (Figures 4 and 5). 
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Figure 4. Rat fetuses of the control group after Cesarean 
section on the 21st day of pregnancy. Most fetuses are alive. 

Figure 5. Rat fetuses of the treatment group after Cesarean 
section on the 21st day of pregnancy. Some fetuses are 
absorbed. 

Discussion 

Although Stickrod in 1979, during a study on rats, 

stated that xylazine at a dose of 10 mg/kg in 

combination with ketamine provided satisfactory 

anesthesia without adverse effects on pregnancy or 

fetuses,13 the possibility of the role of xylazine in 

abortion, including in cows has been reported for more 

than forty years,14 and since then, it has always been 

confirmed that the intrauterine pressure and uterine 

tonus are increased due to the administration of this 

drug in late-pregnant cows.15 Uterine contraction 

mediates by several neurotransmitters including 

catecholamines and acetylcholine. These 

neurotransmitters enhance uterine contraction when 

they bind to alpha-adrenergic and muscarinic 

receptors.16,17,3 The expression of these binding sites 

can be influenced by hormonal status, therefore, it 

changes during all stages of reproduction including 

pregnancy.2,18 Xylazine has systemic and local negative 

effects on the uterus and its use during labor or 

Cesarean section can cause critical fetal hypoxia.19 

From this point of view, the use of xylazine in pregnant 

cow surgery is dangerous, because there is a risk of 

reabsorption of the fetus, abortion or premature 

delivery.3 Eesa stated in 2007 that xylazine did not 

affect buffaloes in the last stages of pregnancy, 

however, caused abortion in pregnant cows by 3.65%.20 

In a study conducted by Blanchard et al. in 2010, 

injection of a combination of acepromazine, xylazine, 

and butorphanol immediately before mating in 

Thoroughbred mares did not have significant negative 

effects.21 

Central α-2 adrenergic receptors are involved in 

many functions including pain,22 locomotion,23 

cardiovascular function,24 and stress response.25,26 

Xylazine, which is an α-2 adrenergic receptor agonist, 

has an oxytocin-like effect in the uterus of ruminants.27 

Its administration in non-pregnant cows in the 

ovulation stage has the same effect on increasing 

intrauterine pressure as oxytocin and the greatest 

increase in intrauterine pressure occurs in proestrus.28 

Data from Pirnik et al.'s study in 2005 showed that 

peripheral administration of xylazine was a strong 

stimulant for oxytocin.29 Xylazine-induced uterine 

contraction in cows is directly mediated by α-2 

adrenoreceptors in the myometrium.30 In mares, 

xylazine increases uterine myoelectric activity,31 and, 

where administered during estrus, causes a tetanic 

increase in intrauterine pressure.32 It has been 

suggested that the inotropic effect of xylazine is entirely 

dependent on extracellular calcium ions and that 

xylazine induces its uterine effects by opening calcium 

channels.33 

In mice, the use of the combination of ketamine and 

xylazine on days 0, 4, 12, and 15 of pregnancy caused a 

significant decrease in fetal growth. Of course, the same 

researchers attributed this effect to xylazine and stated 

that ketamine had no effect on the growth of embryos.34 

The results of a study conducted by Hodgson et al. in 

2002 showed that the administration of xylazine 

significantly reduced arterial blood flow and oxygen 

pressure in the uterus of cows that were in the last 

stages of pregnancy, and as a result, oxygen intake by 

the fetus was lowered by 59%. A decrease in oxygen 

pressure can also be due to a decrease in hematocrit. 
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Also, the vascular resistance of the uterine artery 

increases by 156%, without increasing blood pressure, 

which leads to a decrease in blood pumping.19 In 

another study, the number of maternal pulses in the 

umbilical arteries was decreased by 17% and the 

volume of blood flow in the umbilical arteries was 

decreased after administration of xylazine in the tail 

vein. Also, the number of fetal pulses was decreased by 

6%. These researchers concluded that xylazine should 

be given to cows in the final stages of pregnancy or 

parturition only after extreme caution due to the risk of 

transient fetal hypoxia.35 No group was considered in 

the present study to evaluate the characteristics of 

fetuses in natural conditions and to compare it with 

groups receiving drugs, however, the loss of 18.5% of 

fetuses in rats receiving xylazine showed that this 

sedative drug was not very safe for use in pregnant rats. 

It was concluded in the study of Toma et al. in 2013 

that hyoscine did not have the ability to bind to the 

nicotinic receptors of the motor end plate and did not 

affect the physiological parameters of skeletal 

muscles.36 Other pharmacological studies have shown 

that this substance has a high dependence on 

muscarinic receptors in smooth muscle cells including 

in the digestive system and its anticholinergic activity 

has a muscle relaxant and spasmolytic effect.37 The 

mechanism of action of hyoscine is competitive 

antagonism with acetylcholine in muscarinic 

receptors.38 The parasympathetic branch in the uterus 

regulates contractile activity, increases angiogenesis 

and stimulates secretions from cervical glands,39 

therefore, hyoscine can reduce these activities. In a 

study, intravenous administration of hyoscine 

immediately induced reticular atony in cattle that 

lasted only three to nine minutes.40 Sciorsci et al. in 

2018, after adding carbachol (an agonist of muscarinic 

receptors) and xylazine to the tissue strips prepared 

from the uterus of pregnant cows in different stages of 

pregnancy in the tissue bath, used hyoscine and 

concluded that this drug reduced the tonic effects of 

xylazine in the bovine uterus in vitro and therefore 

possibly reduced the risk of fetal resorption or 

premature delivery due to xylazine in vivo. They 

attributed the reduction of the tonic effect observed in 

xylazine-treated strips after the addition of hyoscine to 

the blockade of the parasympathetic system. Based on 

these findings, these researchers recommended the use 

of hyoscine in cases where xylazine is needed to 

administer pregnant cows.8 Of course, the results of our 

study did not show a statistically significant difference 

in the rate of fetal death due to xylazine with and 

without hyoscine administration. Even the number of 

absorbed and deformed embryos was higher in the 

group receiving hyoscine in our study, which shows 

that hyoscine not only does not prevent fetal death due 

to xylazine but can even have more negative effects on 

the fetus. Therefore, our results were not consistent 

with the suggestion of Sciorsci et al. To explain this 

difference, it should be said that although xylazine 

increases myometrial contractions and hyoscine also 

has spasmolytic effects in the uterus, probably the 

cause of the death of fetuses due to the administration 

of xylazine does not depend only on uterine 

contractions so that hyoscine can prevent it. Because, as 

mentioned above, xylazine has other effects, such as 

reducing blood flow in the uterus and causing hypoxia 

in fetuses.19,35 Therefore, it cannot be expected that this 

factor will prevent fetal death in in vivo conditions 

simply because of the reduction of uterine contractions 

caused by hyoscine in vitro. In addition, the studies of 

Rizzo et al. in 2018 showed that the administration of 

hyoscine immediately after parturition in cows 

regulates the contractile activity of the uterus with a 

rebound effect. This means that hyoscine temporarily 

blocks organ contractions after parturition for its half-

life (2 to 3 hours), however, after the pharmacological 

effect of hyoscine subsides after two to three hours, the 

uterus can start contracting more effectively.41 Before 

that, Romański showed in 2010 that anticholinergic 

drugs, which are usually used as spasmolytic drugs, can 

produce a paradoxical stimulatory effect in the 

digestive system.42 Therefore, the results of the present 

study can also be justified on the basis that the 

administration of hyoscine may have caused synergism 

of these contractions in the later stages, despite 

counteracting the contraction effects of xylazine in the 

uterus in the first few hours.  

Additionally, hyoscine has some side effects that 

may play a role in the results obtained in this study. 

After the administration of doses higher than 8.4 μg/kg 

of hyoscine, transient tachycardia is observed and 

within 30 minutes it turns into long-term bradycardia. 

Also, hyoscine easily passes through the placenta, 

therefore, it is stated that its administration in pregnant 

women should be done only under close clinical 

supervision. Symptoms of poisoning with it in infants 

include tachycardia, fever and lethargy.38 

According to the results of the present study, it 

could be stated that receiving xylazine by the dam in 

rats during heavy pregnancy could cause about 18-25% 
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of fetal losses, which might be due to fetus hypoxia in 

addition to increasing uterine contractions. However, 

although hyoscine has spasmolytic effects, it is not able 

to prevent the death of fetuses due to xylazine and even 

endangers the health of fetuses; Therefore, the use of 

this anticholinergic drug for the prevention of fetal 

death induced by xylazine is not recommended. 
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