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บทคัดย่อ: ระบบประสาทพาราซิมพาเทติกมีบทบาทส้าคัญในการควบคุมคุณภาพน้้าเชื้อผ่านการจัดการต่อมสร้างน้้า
เลี้ยงอสุจิในสัตว์หลายชนิด น้้าเลี้ยงอสุจิมีผลเสียต่อการเก็บรักษาน้้าเชื้อแพะแช่แข็ง เราตั้งสมมติฐานว่าการลดการ
หลั่งของน้้าเลี้ยงอสุจิระหว่างการเก็บน้้าเชื้ออาจช่วยปรับปรุงคุณภาพของการแช่แข็งของน้้าเชื้อแพะได้ ในการศึกษานี้
ใช้อะโทรปีนเพื่อยับยั้งระบบพาราซิมพาเทติก ด้วยการทดสอบที่ความเข้มข้นแตกต่างกัน 6 ระดับ (0.02, 0.04, 0.08, 
0.1, 0.15 และ 0.2 มก./กก.) ในแพะเพศผู้ 12 ตัว ความเข้มข้นสุดท้าย (0.2 มก./กก.) ถูกทดสอบในการรีดเก็บน้้าเชื้อ
ติดต่อกันสองครั้ง โดยบันทึกการเปลี่ยนแปลงทางสรีรวิทยาทั้งอัตราการเต้นของหัวใจและการตอบสนองของรูม่านตา
ทั้งก่อนได้รับและหลังการฉีดอะโทรปีน ผลการศึกษาพบว่าอะโทรปีนไม่ส่งผลกระทบต่อระบบสืบพันธุ์ส่วนใหญ่ 
รวมถึงการมีเพศสัมพันธ์ การหลั่งน้้าเชื้อ คุณภาพน้้าเชื้อ และปริมาณของน้้าเลี้ยงอสุจิ รวมถึงความเข้มข้นและความ
แตกต่างของโปรตีนในน้้าเลี้ยงอสุจิ อย่างไรก็ตามการให้ยาอะโทรปีนบางขนาดส่งผลต่อระบบอ่ืนๆ ของร่างกาย เช่น 
เพิ่มอัตราการเต้นของหัวใจเมื่อขนาดยามากกว่า 0.1 มก./กก. และการขยายรูม่านตาเมื่อขนาดยามากกว่า 0.04 มก./
กก. โดยสรุปการยับยั้งพาราซิมพาเทติกโดยอะโทรปีนไม่ส่งผลกระทบต่อระบบสืบพันธุ์เพศผู้แพะ หรือระบบพาราซิม
พาเทติกอาจไม่มีความส้าคัญในการควบคุมระบบสืบพันธุ์เพศผู้แพะ 
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Abstract:  The parasympathetic nervous system plays an important role in controlling the semen 
quality via manipulation of accessory glands in many species.  Seminal fluid has a negative impact 
on semen cryopreservation in goats.  We hypothesized that reducing the secretion of seminal fluid 
during semen collection may help to improve the quality of semen cryopreservation.  In this study, 
we used atropine to inhibit the parasympathetic pathway.  Six different concentrations ( 0. 02, 0. 04, 
0.08, 0.1, 0.15 and 0.2 mg/kg) of atropine were tested in twelve male goats. The final concentration 
(0.2 mg/kg) was tested in two consecutive semen collections. Physiological changes, including heart 
rate and pupil response, were evaluated before and after the atropine injection. The results revealed 
that atropine did not affect most of the reproductive system, including copulation, ejaculation, 
semen quality and seminal fluid volume, protein concentration and protein profile. However, some 
dosages of atropine affected other body systems, such as increased heart rate at a dose of more 
than 0. 1 mg/ kg and pupil dilation at a dose greater than 0. 04 mg/ kg.  In conclusion, we proposed 
that parasympathetic inhibition by atropine did not impact the goat’s male reproductive system and 
suggested that the parasympathetic system may not be important for regulating the male 
reproductive system in goats. 
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Introduction 
The seminal fluid has an important role in 

the supply of nutrients for spermatozoa through 
the female reproductive tract (Evans and 
Ganjam, 2011; Leite-Browning, 2009). However, 
seminal fluid is a major obstacle to 
cryopreservation of goat semen because it can 
cause poor quality of frozen-thawed 
spermatozoa (Ferreira et al., 2014). One of the 
factors is a lipase in seminal fluid that can affect 
the acrosome integrity and motility of caprine 
spermatozoa during the semen freezing process 
(Sias et al., 2005). The process of washing goat 
semen could increase the improved 
spermatozoa survival rate in the frozen semen 
process (Kucuk et al., 2014; Memon et al., 1985). 
However, this process increases the freezing time 
and loss of spermatozoa. Therefore, the 
decrease of seminal fluid in ejaculated goat 
semen during semen collection may improve 
frozen-thawed semen quality. 

Seminal fluid is produced from both the 
epididymis and the accessory sex glands 
(Rodriguez-Martinez et al., 2011). It contains 
various substances such as fructose, calcium, 
phosphorus and proteins (Aguiar et al., 2013). 
Protein in the seminal fluid plays an important 
role in sperm motility, acrosome reaction, 
protection, capacitation and fertilization (Moura 
et al., 2018). However, relevant knowledge of 
seminal fluid secretion in goats is also limited. In 
current data, the parasympathetic system is 
believed to stimulate seminal fluid secretion 
(Coolen et al., 2004). Inhibition of the 

parasympathetic system has been reported to 
reduce seminal fluid secretion in some animals 
(Dziuk and Norton, 1962). Atropine, a 
nonselective muscarinic cholinergic antagonist, is 
a commonly used drug to inhibit the 
parasympathetic nervous system (Flecknell, 
2009). It can decrease the volume of seminal 
fluid in boars and bulls (Baker et al., 1964; Dziuk 
and Norton, 1962). Therefore, we hypothesized 
that inhibiting the parasympathetic nervous 
system by atropine before semen collection 
may help improvement the cryopreservation of 
goat semen. 

 

Materials and Methods 
Animals 

The protocol was approved by the Animal 
Usage and Ethics Committee of Veterinary 
Science Faculty, Mahidol University (ID no. MUVS 
2017-09-24). Twelve mixed-breed male goats 
weighing 30 to 45 kg and aged 2 to 4 years were 
kept apart from the female goats.  
Atropine dosage and experimental design 

Atropine (product by Union drug 
laboratories Ltd, Thailand) was divided into two 
experiments based on the dose of atropine 
injection, the low dosage of 0.02-0.08 mg/kg and 
the high dose (0.1-0.2 mg/kg). Previously, these 
atropine doses have been shown to cause 
physiological changes in goats (Kumar, 1977; 
Tranquilli et al., 2007). 

Two experiments were performed on 

different days and the 44 Latin square 
experimental design was used as examined in 
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Table 1. In the low dosage experiment, 4 
treatments were used, including 3 different doses 
of atropine injection (0.02, 0.04, 0.08 mg/kg) and 
1 ml of normal saline (NSS) was injected as a 
control. The high dose experiment was 
composed of 0.1, 0.15 and 0.2 mg/kg of atropine 
and 1 ml of NSS as well as the control group.  

At the present time, the process of 
seminal fluid production in goats is unclear. 
Seminal fluid may be produced before the 
atropine injection. Also, seminal fluid volume 
and protein profile after the first time of semen 
collection may not represent the effects of 
atropine injection. The effects of atropine on 
protein secretion in goat seminal fluid were 
confirmed by twice semen collection in a short 
period of time. After finishing the high dose 
experiment, a cross over design with double 
semen collection was tested. Goat semen was 
collected twice after an atropine (0.2 mg/kg) 
injection. The first semen was collected 
approximately 60 minutes and later 120 minutes 
after injection. Semen was divided into 4 groups 
as follow: first semen collection in the NSS group 
(NSS1), the second semen collection in the NSS 
group (NSS2), the first semen collection in the 
atropine group (A1) and second semen 
collection in the atropine group (A2). 
Libido scoring and semen collection 

Semen was collected using a goat’s 
artificial vagina and an estrous female to trigger 
mating behavior after drug administration. Libido 
was scored as described by Frydrychova 
(Frydrychova et al., 2011) with modification.  

Table 1 Experiment design  
Drug 

Week 
NSS 0.02 

mg/kg 
0.04 

mg/kg 
0.08 

mg/kg 

Week 1 Group 1 Group 2 Group 3 Group 4 
Week 2 Group 2 Group 3 Group 4 Group 1 
Week 3 Group 3 Group 4 Group 1 Group 2 
Week 4 Group 4 Group 1 Group 2 Group 3 

 
Semen quality assessment 

Semen volume, mass spermatozoa 
movement score, percentage of spermatozoa 
motility, sperm viability and spermatozoa 
concentration were measured. Semen volume 
was measured using a tuberculin syringe. Mass 
spermatozoa movement was evaluated by 
sperm waves with whirlpools, which were scored 
from 0 (immotile) to 5 (high). The percentage of 
spermatozoa moving forward was evaluated for 
spermatozoa motility. Spermatozoa 
concentration was estimated by using a 
hemocytometer. The hypo-osmotic swelling test 
was used to determine the integrity of the 
spermatozoa plasma membrane, which was 
presented as a percentage of sperm viability 
(Fonseca et al., 2005). 

Following semen measurements, the 
semen of each goat was centrifuged at 5,000 rpm 
for 15 min. Seminal fluid was separated out from 
spermatozoa and was measured with a 
tuberculin syringe. The percentage of seminal 
fluid was calculated by the proportion of 
seminal fluid volume to the semen volume. 
Seminal fluid protein analysis 

The protein concentration was quantified 
using the Bradford protein assay (nach Bradford). 
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Electrophoresis was done following a previous 
report (Poltep et al., 2018). Briefly, seminal fluid 
was mixed with the loading buffer containing 0.2 
M Tris (Bio Basic, Markham, ON, Canada; pH 6.8), 
20% glycerol (Bio Basic), 10% SDS (Bio-Rad, 

Hercules, CA, U.S.A.), and 5% β-
mercaptoethanol (EuroClone, Pero, MI, Italy) to 
yield 0.2 µg/µl and then boiled at 95°C for 10 
min. Ten microliter of mixtures were loaded into 
8% SDS gels in a Mini-PROTEAN system (Bio-Rad) 
at 90 V for 90 min. The gels were washed with 
distilled water and stained with 1% Coomassie 
brilliant blue R250 (Thermo Fisher Scientific, MA 
USA) for 2 hours. Excess dye was removed with 
a destaining solution (10% methanol and 7% 
glacial acetic acid) for 2 hours. The protein bands 
were imaged using a scanner (Fuji Xerox, 
Bangkok, Thailand). 
Physiological evaluation for parasympathetic 
pathway 

Pupillary light reflex and heart rate were 
evaluated before (15 minutes) drug injection and 
before each semen collection (15 minutes). The 
pupillary light reflex was classified into two 
characters: normal constriction response and 
dilation. The heart rate was monitored using a 
stethoscope and presented at a beat per 
minute. 
Statistical analysis 

Semen volume, percentages of motile 
and sperm viability, spermatozoa concentration, 
seminal fluid volume and percentage of seminal 
fluid were represented as mean and standard 
error of the mean (SEM). The statistical 

difference was analyzed using analysis of 
variance (ANOVA) and a post hoc test with the 
Tukey test. Libido score and mass spermatozoa 
movement score were examined by the Chi-
square test. Differences in mean values were 
considered to be statistically significant at 
p<0.05. Data was analyzed using SPSS program 
version 23.  
 

Results 
Goat behavior 

Goats displayed typical male goat sexual 
behavior for all control groups and treatment 
groups. Libido scores were not different among 
the groups (Table 2, Table 3 and Table 5).  
Physiological changes after atropine injection 

Before the atropine injection and a control 
group (NSS injection), the pupils displayed 
normal constriction after performing the pupil 
light reflex test. The number of goats that 
exhibited abnormal pupil light reflex (pupil 
dilation) depended on the dose: 33% (n=4), 58% 
(n=7), 66% (n=8), 75% (n=9), 91% (n=11), and 
100% (n=12) of goats displayed dilated pupils 
after injection with 0.02, 0.04, 0.08, 0.1, 0.15, 0.2 
mg/kg, respectively. 

The heart rate in the low doses of atropine 
injections was not significantly different between 
the treatments for both pre and post injection 
(Table 2). Although atropine injection at doses of 
0.04 and 0.08 mg/kg tended to increase the heart 
rate after injection, there was no statistical 
difference. For the high dose group, the heart 
rate was significantly increased (p<0.05) after 
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injection at all doses (Table 3). The heart rate 
after injection with 0.2 mg/kg atropine was the 
highest and was significantly different (p<0.05) 
compared to other treatments. Semen quality, 
seminal fluid volume and percentage of seminal 
fluid volume were not significantly different 
among the treatments (Table 3). 
Two consecutive semen collections 

For this experiment, an atropine dose of 
0.2 mg/kg was chosen because it demonstrated 
the most potent effect of atropine on inhibiting 
the parasympathetic nervous system (which 
resulted in the highest heart rate and the 
greatest number of goats exhibiting pupil 
dilation). Therefore, we hypothesize that this 
dose may clearly display the high impact of 
seminal fluid secretion.  

During the first and second semen 
collections, all goats injected with atropine 
exhibited dilated pupils after testing the light 
reflex. The heart rate at first semen collection 
was significantly increased (p<0.05) from the pre-
injection (Table 4). For the control group, the 
pupil response was normal, and the heart rate 
was not different between pre and both post 
injections. 

All parameters of semen quality were not 
statistically different (p>0.05) between the 
control group and the atropine injection group. 
The first and second semen collections were not 
significantly different (Table 5). Semen volume 
and seminal fluid tended to be reduced after 
atropine injection in the first and second semen 
collection, but there was no significant 

difference (p>0.05). The protein concentration 
tended to decrease in the second semen 
collection, but there was no significant 
difference (p>0.05) between collection times 
and groups (Table 6). The protein bands after 
electrophoresis showed similar bands of 
proteins among treatments (Figure 1). 
 

Discussion 
The present study demonstrated that 

atropine injection did not affect male libido and 
behavior, semen quality and seminal fluid 
volume and protein in goats. This is in contrast 
to other species, such as bulls which atropine 
has been shown to reduce the reaction time to 
mount (Baker et al., 1964). 

In some goats, the lowest dose that 
caused physiological changes was 0.04 mg/kg. At 
the maximal dose in this study (0.2 mg/kg), all 
goats displayed clear pupil dilatation and 
increased heart rate, this suggest that atropine 
may already affect the whole body system, but 
not the reproductive system. Similar to our 
study, reports also showed that 0.2 mg/kg of 
atropine can increase the heart rate of mature 
goats (Pablo et al., 1995). However, in other 
ruminants, such as buffalo calves, it requires a 
lower dose of 0.04 mg/kg of atropine to increase 
the heart rate (Khan et al., 2007). 

In the present study, atropine injection did 
not affect the semen quality and seminal fluid 
volume in the goats. Differences from the 
findings in other studies revealed that semen 
and seminal fluid were significantly decreased 
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Table 2 Comparison of libido score, heart rate, semen qualities and seminal fluid volume in low 
atropine dosage 

Parameters N NSS A0.02 A0.04 A0.08 

Pre heart rate (bpm) 12 78.33±5.67 71.00±4.00 67.67±2.12 72.67±3.68 
Post heart rate (bpm) 12 70.00±5.31 69.33±4.07 75.67±4.63 77.33±4.36 
Libido score 12 5.00 5.00 4.75±0.18 5.00 
Semen volume (ml) 12 0.68±0.06 0.71±0.05 0.74±0.08 0.68±0.09 
Seminal fluid volume (ml) 12 0.45±0.06 0.45±0.05 0.49±0.06 0.44±0.06 
Sediment semen (ml) 12 0.24±0.02 0.25±0.02 0.25±0.02 0.24±0.03 
Percentage of seminal fluid volume 12 61.68±4.76 63.63±3.57 65.92±1.47 63.62±3.22 
Mass spermatozoa movement score 12 4.50±0.26 4.17±0.37 4.33±0.33 4.58±0.19 
Percentage of spermatozoa motility 12 85.00±3.59 74.17±8.92 80.83±6.68 65.83±4.52 
Spermatozoa concentration (x109 cells) 12 5.71±1.0 4.91±0.7 7.1±1.2 4.4±1.3 
Percentage of sperm viability 12 37.08±4.04 30.58±2.80 34.92±3.80 33.08±4.14 

 

Table 3 Comparison of libido score, heart rate, semen qualities and seminal fluid volume in high 
atropine dosage 

Parameters N NSS A0.1 A0.15 A0.2 

Pre heart rate 12 78.33±4.16 70.00±3.392 71.00±2.882 74.00±6.872 

Post heart rate 12 73.67±3.39a 84.33±4.041ab 97.33±6.831bc 105.67±6.201c 

Libido score 12 4.92±0.08 4.83±0.11 5.00±0.00 5.00±0.00 

Semen volume (ml) 12 0.65±0.06 0.49±0.06 0.49±0.05 0.59±0.08 

Seminal fluid volume (ml) 12 0.42±0.02 0.31±0.03 0.29±0.02 0.38±0.03 

Sediment semen (ml) 12 0.24±0.02 0.18±0.03 0.19±0.02 0.21±0.03 

Percentage of seminal fluid volume 12 63.75±1.87 62.73±4.34 58.86±2.52 64.80±2.35 

Mass spermatozoa movement score 12 4.42±0.19 3.83±0.37 4.58±0.19 4.42±0.34 

Percentage of spermatozoa motility 12 73.33±4.14 73.33±7.91 73.33±7.11 68.25±9.08 

Spermatozoa concentration (x109 cells) 12 3.53±0.42 4.54±0.58 4.78±0.74 5.38±0.54 

Percentage of sperm viability 12 27.83±3.53 33.21±4.87 30.33±6.21 31.42±4.37 
abValues with different superscripts in the same row are significantly different at p<0.05 
12Values with different superscripts between pre and post heart rate in same column are significantly different at 
p<0.05 
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Table 4 Pre and post heart rate in two consecutive semen collection 

Parameters N NSS Atropine 
Pre heart rate  12 78.00±4.94 77.33±3.73b 
Post heart rate before first collection 12 83.67±7.02  102.33±4.58a 
Post heart rate before second collection 12 72.67±4.59  84.00±4.29ab 

ab Values with different superscripts in the same column are significantly different at p < 0.05 
 

Table 5 Comparison of libido score, heart rate, semen qualities and seminal fluid volume in two 
consecutive semen collection (NSS1 = first collection in NSS group, NSS2 = second collection in NSS 
group, A1 = first collection in atropine group, A2 = second collection in atropine group) 

Parameters N NSS1 A1 NSS2 A2 

Libido score 12 4.92±0.08 4.92±0.08 4.92±0.08 5.00 
Semen volume (ml) 12 0.92±0.11 0.65±0.06 0.78±0.08 0.66±0.07 
Seminal fluid volume (ml) 12 0.62±0.07 0.41±0.04 0.56±0.07 0.43±0.05 
Sediment semen (ml) 12 0.30±0.05 0.24±0.02 0.22±0.03 0.23±0.03 
Percentage of seminal fluid volume 12 68.1±2.7 62.98±1.87 69.70±3.30 64.79±2.22 
Mass spermatozoa movement score 12 4.92±0.08 4.33±0.19 4.67±0.19 4.58±0.29 
Percentage of spermatozoa motility 12 82.50±4.7 73.75±5.54 81.25±2.83 79.17±6.3 
Spermatozoa concentration (x109 cells) 12 4.11±0.8 3.28±0.61 3.18±0.41 0.31±0.42 
Percentage of sperm viability 12 25.0±3.9 27.25±4.5 27.58±5.70 24.92±3.72 

 
Table 6 Protein concentration in twice semen collection 

Group N NSS1 A1 NSS2 A2 

Protein concentration (mg/ml) 12 45.79±5.78 51.96±3.86 55.4±5.41 49.31±3.5 

 
after atropine injection (Dziuk and Mann, 1963). 
Several previous studies have suggested the 
possibility of parasympathetic on control of 
seminal fluid production in animals (Coolen et 
al., 2004; Hsieh et al., 2014; O'Shaughnessy, 
2015). In pigs, only one semen collection after 
atropine injection was enough to reduce the 
seminal fluid volume (Dziuk and Mann, 1963). In 
bull, atropine had affected on increase semen 
concentration (Evans and Ganjam, 2011). 

Currently, the studies of nervous system 
to control seminal fluid and protein secretion 
are not distinct data. Secretion of seminal fluid 
protein in this study could be compared with 
the study of protein secretion in saliva. Our 

result was consistent with the study of protein 
secretion from salivary glands in lamps. 

Parasympathetic inhibition by atropine did not 
affect the change in the quantity and protein in 

saliva (Edwards and Titchen, 2002). For goat 
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Figure 1 Comparison of protein range in seminal 
fluid in two consecutive collection experiment 
(NSS1 = first collection in NSS group, NSS2 = 
second collection in NSS group, A1 = first 
collection in atropine group, A2 = second 
collection in atropine group) 

 
seminal fluid secretion, parasympathetic 
inhibition did not change the protein 
concentration and type of protein. Atropine 
could not change any seminal fluid volume and 
protein in the goats. 

It could be argued that the seminal fluid 
may have already been reserved for the 
accessory sex glands before the atropine 
injection. However, in the consecutive semen 
collection, the seminal fluid from the second 
semen collection should be decrease if, the 

atropine can inhibit seminal fluid secretion. This 
result suggested that parasympathetic pathway 
may not essential to control the reproductive 
system in male goat particularly at accessory 
organs. Conversely, sympathetic inhibition by 
tamsulosin could decrease seminal fluid in goats 
(Kimsakulvech et al., 2018), suggesting the 
important role of the sympathetic pathway in 
manipulating the seminal fluid secretion in goats. 

Conclusions 
This experiment suggested that atropine 

does not affect the goat's reproductive system, 
particularly libido, ejaculation, semen quality 
and seminal fluid secretion. This could imply 
that the parasympathetic nervous system does 
not play a significant role in the control of the 
male reproductive system in goats. 
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