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ABSTRACT 

To evaluate the analgesic and physiological effects of electroacupuncture (EA) and medetomindine in domestic goats. 

Thirty healthy goats (aged 1-2 years and body weight 22±3.17 kg) were divided into five groups (6 goats/group). Group 

1 animals were considered as a control; groups 2 and 3 animals were given 5μg kg-1 and 20μg kg-1 medetomidine IM 

respectively; group 4 animals were stimulated with EA for 30 mins and group 5 animals were given EA in combination 

with 5μg kg-1 medetomidine IM. The pain threshold in groups 2 and 3 animals were increased significantly (p< 0.05) at 

15 to 60 mins compared to group 1. Group 5 animals showed increase (p< 0.05) in the pain threshold at 15 to 60 mins 

compared to animals in group 2 and group 4. Goats in groups 2 and 3 showed decrease (p< 0.05) in heart rate, respiratory 

rate, mean arterial pressure and rectal temperature, whereas animals in group 5 showed less effect on these physiological 

parameters. Furthermore, goats in group 5 did not have any effect on blood cell count, serum chemistry, or liver health 

status. The combination of EA plus 5 µg kg-1 medetomidine produced adequate antinociception with minimal 

physiological alteration suggesting that, an effective strategy for clinical observation and minor surgical procedures in 

domestic goats. 
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INTRODUCTION 

 Alpha2-agonists are commonly used as pre-

anesthetics, sedatives, or combined with opioids or other 

anesthetic drugs to reduce the required anesthetic doses. 

Medetomidine has a lipophilic effect, rapidly eliminated, 

highly effective and less expensive than other α2-agonists 

drugs (Miksa et al., 2005). According to the a clinical 

report, analgesia and sedation produced by α2-agonists 

were related to the type of α2-adrenoreceptors, density 

and site in the treated animal, as well as the drug affinity 

for the α2 and α1-receptors (Shah et al., 2014, 2021). All 

α2-agonists available may activate α1-adrenoreceptors in 

treated animals. Arousal, restlessness, increased vigilance 

and locomotor activity are all caused by the activation of 

α1-adrenoreceptors. When a high doses of α2-agonists i.e., 

xylazine (e.g., 4 to 8 mg kg-1 of body weight) were 

administered, these effects may be obviously observed 

(Ambrisko and Hikasa, 2002; Shah et al., 2014). 

 Studies have shown, that stimulating α1-

adrenoreceptors in the CNS provokes binding to α2-

agonist. According to the clinical report, a selective drug 

for the α2-adrenoreceptor is more potent in lowering the 

required drug dose to achieve a similar effect (Sinclair, 

2003; Shah et al., 2013). It has been reported that 

medetomidine has a high (1620:1) selectivity binding 

ratio,compared to detomidine (260:1), clonidine (220:1) 

and xylazine (160:1; Alex, 2010). Medetomidine inhibits 

catecholamine and induces sedation in small animals by 

acting on presynaptic α2-adrenoceptors in CNS (Sinclair, 

2003). Different doses of medetomidine causes 

bradycardia, bloating and ruminal atony in goats (Carroll 

et al., 2005). 

 Acupuncture is an ancient traditional Chinese 

technique used since the Ming Dynasty (1368-1644 A.D) 

to relieve pain, cure disease and improve overall health. 

Dr. Yang Jizhou provided a detail description of 

acupuncture points and their manipulation methods (Ifrim 

Chen et al., 2019). Electroacupuncture (EA) a is modified 

method of conventional acupuncture, involves electrical 

stimulation administered via inserted metal needles into 

the body's underlying the skin tissues at precise points; 

however, EA does not provide adequate pain relief alone 

during or after major surgical procedures. Therefore, 
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using EA in conjunction with analgesic drugs may 

become a popular method of pain relief. EA combined 

with analgesic drugs (EA-assisted analgesia or EA-drug 

balanced analgesia) has been used to control pain for 

various surgical procedures (Dong and Wang, 2006; Han, 

2008; Parmen, 2014). The benefit of this combination 

required less dosages of the anesthetics, which ultimately 

reduces the adverse effects of drugs (Qin et al., 1996; 

Tang et al., 1997; Shah et al., 2020; 2021). 

 It is preferable to use EA in combination with 

specific drugs that may regulate several body functions 

along with analgesia effects (Dong and Wang, 2006). It 

has been reported, that EA, in combination with some 

anesthetic drugs, may release endogenous opioid peptides 

in the CNS (Shankar et al., 1996; Wu et al., 2010). 

Because endogenously produced analgesic substances 

which allow the anesthetist to reduce the required dose of 

anesthetic by 50% (Qu et al., 1996), which may minimize 

drug adverse effects. Therefore, in this study we 

investigated, the benefits and drawbacks along with 

analgesic and physiologic effects of EA plus 

medetomidine in goats.  

MATERIALS AND METHODS 

Experimental design: Thirty female domestic hybrid 

goats (non-pregnant) and physically in healthy condition, 

with aged 1-2 years and body weight 22 ± 3.17 kg were 

randomly selected and distributed into five groups (6 

goats/group). All animals were fed green fodder twice a 

day and offered water adlibitum. Deworming was 

performed and an adaptation period for 10 days were 

given before starting of the actual experiment. The 

departmental ethical committee approved the 

experimental protocol (College of Veterinary Sciences, 

The University of Agriculture, Peshawar (No. 4306/LM). 

Group 1 animals (control group) were administered with 

normal saline solution (0.9% NaCl) at dose rate 0.3ml 

intramuscularly (IM) into the neck region. Groups 2 and 

3 animals were treated with 5 and 20 µg kg-1 IM 

medetomidine (Domitor, Orion Corporation, Espoo, 

Finland) respectively. Goats in group 4 (EA group) were 

treated with needle stimulation for 30 mins and the final 

group 5 animals were treated with EA plus medetomidine 

at dose of 5 µgkg-1. Medetomidine 5 and 20 µgkg-1dosage 

were selected after conducting pilot trial on few goats 

before the start of the actual experiments. In these trials, 

after increasing the doses of medetomidine, the depth of 

analgesia was remained the same, while sedation 

increased in animal. Therefore, medetomidine dosage 

(i.e., low dose 5 µgkg-1 and high 20 µgkg-1) were finally 

selected. After experiment, i.e., 1-hour post injection drug 

treated animals were injected with atipamezole 

hydrochloride (Antisedan, Orion Pharma, Orion 

Corporation, Espoo, Finland) intravenously to reverse the 

drug's effects. 

Electroacupuncture: EA points were selected, saved 

and then disinfectant with 75% ethanol and finally scrub 

with povidone-iodine solution (Shah et al., 2021; 2016). 

Sterilized EA needles with length 75 mm were connected 

to 1st output port of a pulse generator (Hua Yi, Shanghai, 

China) and were inserted into the San tai (between the 

spinous processes of 4th and 5th thoracic vertebrae) and 

Bai hui (between the last lumbar and the 1stsacral 

vertebrae) points, and similarly needles connected to the 

2nd output port of the same pulse generator, then inserted 

into the Sanyanluo (5 cm ventral to the lateral tuberosity 

of the radius in the groove between the common digital 

extensor and lateral digital extensor muscles of the right 

forelimb) and Erh gen (ventrocaudal to the ear base at the 

depression between the ear base and cranial border of the 

transverse process of the atlas) points. The anatomic 

locations and details of these EA points have been 

already previously described (Shah et al., 2021; Figure-

1). A constant frequency of 60 Hz and current 3-volt was 

maintained for 30 mins (Shah et al., 2016). 

Physiological variables: The pain threshold level was 

measured at the middle of left flank region at 0, 15, 30, 

45, 60 mins and 24 hours after treatment. Potassium 

iontophoresis was used to induce pain by gradually 

increasing in the amount of potassium ions passing 

through the skin. Two electrodes soaked in 10% 

potassium chloride solution were placed 1 to 2 cm apart 

on flank. A galvanofaradism apparatus 

(Galvanofaradism, Shantou, China) delivered electric 

current to the electrodes, which forced potassium ions 

into the subcutaneous tissues. Voltage was continuously 

increased and the pain threshold was recorded, when an 

obvious local skin contraction and head-turning toward 

the flank region was observed (Cui et al., 2017; Shah et 

al., 2021). 

 The mean arterial pressure (MAP) was measured 

at 0, 5, 10, 15, 20, 30, 45, 60 mins, and 24 hours using a 

digital sphygmomanometer (U-Check Technology, 

Frankfurt, Germany) placed on the radial artery above the 

elbow joint on the left thoracic limb. Sphygmomanometer 

monitor's diastolic and systolic MAP (mm Hg) were 

recorded according to the formula used by Shah et al. 

(2016). 

 Physiological variables, such as heart rate (HR), 

respiratory rate (RR) and rectal temperature (RT) were 

measured at 0, 5, 10, 15, 20, 30, 45, 60 mins and then 24 

hours by using a 5-lead ECG monitor (Mindray, 

PM9000, Guangzhou, China), according to the 

manufacturer's guidelines. 

Biochemical and hematological variables: Blood 

samples (10 mL) were collected aseptically at 0, 30, 60 

mins and 24 hours after treatment. The biochemical 

variables such as creatinine, aspartate aminotransferase, 

serum glucose, alanine aminotransferase and blood urea 



Shah et al.,  J. Anim. Plant Sci., 33 (6) 2023 

 1441

nitrogen levels were measured using a chemistry analyzer (AMP, Piccos, GmbH, Austria). 

 
Figure-1 Anatomical illustration of acupoints used for electroacupuncture stimulation in the goats, (1.Erh gen 

[ventrocaudal to the ear base at the depression between the ear base and cranial border of the transverse process 

of the atlas]; 2. San tai [between the spinous processes of the 4th and 5ththoracic vertebrae]; 3. Bai hui [last 

lumbar and the 1st sacral vertebrae] and 4. Sanyanluo [5 cm ventral to lateral tuberosity of the radius in the 

groove between the common digital extensor and lateral digital extensor muscles of the right forelimb]). 

 

 Hematological parameters including white blood 

cell count (lymphocyte, eosinophil, lymphocytes, 

monocytes, and neutrophils), red blood cell count, 

hemoglobin level, mean corpuscular volume, mean 

corpuscular hemoglobin and mean corpuscular 

hemoglobin were determined by using blood analyzer 

(PocH, 100 iV, Sysmex, Japan). 

Statistical analysis: The sample size for nociceptive 

thresholds were determined using the PASS program 

(NCSS, Kaysville, USA) with the default parameters, i.e., 

alpha of 0.05 and power of 80%. SPSS Version 16.0 was 

used to perform repeated measure analysis of variance. 

Significant differences (p<0.05) considered for 

nociceptive thresholds and the normal distribution of 

physiologic, biochemical and hematologic variables were 

determined as previously described by Shah et al. (2021). 

RESULTS 

 We found that animals in groups 2 and 3 showed 

a higher (p<0.05) level in the pain threshold values at 15 

to 60 mins compared to group 1. Notably, we have also 

observed an increase (p<0.05) in the pain threshold level 

in group 4 animals at 30 to 60 mins compared to group 1. 

A maximum increase in the pain threshold level was 

observed in group 4 at 45 mins. We observed that 

animals in group 5 showed a high level (p< 0.05) in the 

pain threshold values, when compared to group 1, group 

2 and group 4 animals at 15 to 60 mins respectively 

(Table 1). 

 We also found that drug administered to group 2 

animals showed a decrease (p<0.05) in the HR values at 

10 to 45 mins, whereas treatment to group 3 animals 

caused a greater reduction (p<0.05) in the HR at 5 to 60 

mins when compared to animals in group 1. In contrast, 

no significant (p>0.05) changes were observed in HR in 

group 4 animals. Animals in group 5 showed less effect 

on HR values; however, still decrease (p<0.05) was 

observed in HR at 15 to 45 mins compared to group 1. 

We further observed, that treatment to group 2 and group 

3 animals showed a decrease (p<0.05) in MAP values 

from 15 to 60 mins, but there was no difference (p>0.05) 

in MAP values in group 4 animals when compared to 

group 1 animals. Similarly, animals in group 5 animals 

did not show any changes (p>0.05) in MAP values except 

at 30 to 45 mins (Table 2). Moreover, we also calculated 

the RR values at various time points after EA and drugs 

administration. We finally learned that animals in group 2 

showed a decrease (p<0.05) in RR values at 20 to 45 

mins. Furthermore, animals in group 3 showed a decrease 

(p<0.05) in RR value from 5 to 60 mins. The RR value 

on the other hand was unaffected in group 4. Animals in 

group 5 showed only decrease (p<0.05) in the RR value 

at 30 min, when compared to group 1 goats. The RT 

values did not decrease (p>0.05) in group 2, however 

animals in group 3 showed a decrease (p> 0.05) in RT 

values from 5 to 60 mins. In contrast, neither animal in 
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group 4 and in group 5 showed any changes (p>0.05) in RT values when compared to group 1 animals (Table 2). 

 

Table 1. Effects of EA and medetomidine administration on pain threshold % changes in domestic goats. 

Group Time (minutes) 

15 30 45 60 24hours 

Group 1 11±0.38c  6±0.190c 11±0.38d 6±0.19c 17±0.57 

Group 2 30±2.71b 80±1.90b 111±0.96b 57±1.07b 19±0.57 

Group 3 45±2.7b  118±20a 145±0.96a 109±1.07a 19±0.57 

Group 4 15±0.57c 65±1.34b 70±1.54c 45±2.10b 17±0.38 

Group 5 59±1.52a 131±0.80a 162±1.5a 126±1.5a 19±0.57 
Values are presented as mean ± standard deviation. 

Values within each column shown with different superscript letters (a-d) indicate significant difference (P < 0.05) among groups at 

that time point. 

 

Table 2. Effects of EA and medetomidine administration on heart rate (beats/minute), mean arterial blood 

pressure (mmHg), respiratory rate (breaths/min) and rectal temperature (°C) in domestic goats. 

Group 
Time (minutes) 

0 5 10 15 20 30 45 60 24 hours 

Heart rate (beats minute-1)               

Group 1 91±4.16 92±2.0a 89±2.08a 85±2.80a 84±1.58a  91±2.2a 91±5.68a 91±5.0a 91±00.0 

Group 2 100±00 85±1.9a 68±1.85b 66±1.74b 61±1.60b 63±1.6b 66±1.0b 84±2.3a 99±1.15 

Group 3 88±2.7 63±1.1b 60±0.50b 59±2.30b 58±2.88b 56±20b 56±1.20b 59±1.51b 87±0.20 

Group 4 91±1.0 91±3.7a 91±2.20a 88±2.20a 92±4.04a 93±4.4a 92±2.50a 92±3.3a 90±0.90 

Group 5 89±2.6 86±2.3a 82±1.50a 63±4.61b 60±2.90b 62±4.0b 63±2.6b 71±2.3a 89±1.61 

Mean arterial blood pressure (mmHg) 

Group 1 121±1.2 124±2.3 116±2.4 121±1.02a 118±1.7a 113±1.6a 112±1a 115±1.5a 121±1.77 

Group 2 127±0.9 126±1.0 113±2.13 52±00.00b 66±1.50b 81±00.0b 88±1.1b 93±2.60b 128±0.09 

Group 3 116±1.1 117±2.7 107±2.42 68±01.35b 76±5.10b 82±3.20b 96±2.6b 96±1.10b 115±1.7 

Group 4 137±1.1 135±1.0 137±1.4 136±01.7a 130±1.9a 137±1.0 a 135±1.4a 136±1.1a 136±1.15 

Group 5 124±2.8 114±1.1 112±2.2 105±2.90a 107±3.5a 94±2.50b 91±2.5b 113±2.4a  124±0.3 

Respiratory rate (breaths minute-1)       

Group 1 22±0.57 22±0.5a 22±0.57a 22±0.5a 22±1.0 a 22±0.5 a 22±0.5a 22±0.50a 22±0.5 

Group 2 22±2.48 20±2.19a 17±2.07a 17±2.0a 13±3.0b 13±0.7b 12±1.07b 18±2.3a 22±1.0 

Group 3 22±0.00 15±0.7b 14±00.0b 13±1.4b 12±1.4b 12±0.0b 14±0.7b 14±0.0b 22±0.0 

Group 4 22±1.21 20±30a 21±1.05a 21±1.8a 21±3.0a 20±2.0a 20±2.17a 20±2.30a 21±1.2 

Group 5 20±3.0 23±0.7a 20±30a 19±1.4a 18±3.0a 15±1.07b 18±2.0a 23±1.41a 21±1.0 

Rectal temperature (°C)        

Group 1 38.0 38.38a 38.33a 38.38a 38.38a  38.11a 38.22a 38.33a 38.0 

Group 2 39.0 39.25a 39.00a 39.00a 38.87a 38.88a 38.51a 38.33a 39.0 

Group 3 39.0 38.01b 37.46b 38.00b 38.00b 37.61b 37.31b 37.36b 39.0 

Group 4 39.0 39.60a 39.00a 39.60a 39.00a 38.60a 39.00a 39.00a 39.0 

Group 5 39.0 38.70a 38.40a 38.20a 38.00a 38.00a 37.40a 37.40a 39.0 

Values are presented as mean ± standard deviation. 

Values within each column shown with different superscript letters (a,b) indicate significant difference (P < 0.05) among groups at 

that time point. 

 

DISCUSSION 

 Electroacupuncture is a Traditional Chinese 

Medicine technique that has been used to treat disease  

over 2000 years. EA has been successfully used for pain 

management in humans and animals in many countries 

(Parmen, 2014). EA frequency and selection of acupoints 

are important factors influencing EA analgesia. In cattle, 

EA stimulated with frequency 30-100 Hz has been used 

for pain control (Wang and Jin, 1989). However, EA with 

frequency 36 Hz to stimulates acupoints San yanluo, Bai 

hui, Erh gen, and San tai resulted better analgesia in goats 

(Liu et al., 2009). Different EA frequency stimulated, the 

release of different opioids peptides (enkephalin and β-

endorphin) in the central nervous system (CNS) brains 

(Han, 2003, 2008). That is EA with frequency 2Hz 

stimulated to release enkephalin and β-endorphin, 

whereas frequency of EA with 100 Hz stimulated the 

release of dynorphin in the CNS (Han, 2003). EA at 

frequency 60 Hz releases β-endorphin, encephalin and 

dynorphin simultaneously in the CNS of goat (Cheng et 

al., 2012). This was the philosophy behind, why we 

selected to use frequency 60 Hz for EA stimulation in the 

current experiment. 

 Animal pain thresholds have been measured 

through various techniques, particularly pinprick scoring 
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(DeRossi et al., 2003; Shah et al., 2013; 2014). However, 

the practical and authentic method for determining the 

pain thresholds in restrained animals is potassium 

iontophoresis (Humphries et al., 1994, Shah et al., 2016). 

This method has been used to assess the analgesic score 

in humans (Ulett et al., 1998), in goats (Liu et al., 2009; 

Shah et al., 2021) and sheep (Eisenach et al., 1996). In 

our study, the pain threshold induced by EA increased 

and reached to a maximum level at 45 mins. These 

findings were consistent with our previous findings (Shah 

et al., 2016; 2020). 

 We compared different treatments and found 

that goats in group 5 resulted in excellent synergistic 

effects. This synergistic interaction between EA and 

medetomidine on the other hand could be caused by the 

co-activation of α2-adrenergic or opioidergic-

noradrenergic receptors (Herradon et al., 2008; Kabalak 

et al., 2013). Previous research has also shown that 

combining EA with anesthetic drugs reduces the required 

dose of the anesthetics (Liu et al., 2009; Cui et al., 2017). 

 We discovered that medetomidine treatment 

caused a significant decrease in MAP, HR and RR values, 

which are in agreement with the previous studies 

(Kinjavdekar et al., 2000; Shah et al., 2014). However, in 

our study EA plus medetomidine administration did not 

significantly effects the MAP and HR values. Therefore, 

EA stimulation in combination with anesthetic drug could 

be is a better choice for controlling hypotension and 

bradycardia in goats during anesthesia. Previous study 

reported, that EA stimulation help in relieving 

hypotension and calcium/magnesium ions concentration 

in rabbit (Jie et al., 1999). It is further conformed, that 

EA stimulation significantly increased MAP and calcium 

levels in rabbits, implying that intracellular free 

calcium/magnesium concentrations may play an 

important role in regulating MAP parameter (Jie et al., 

1999). 

 Bronchoconstriction and pulmonary edema are 

species-specific side effects of all α2-agonist (Groeben et 

al., 2004). Unlike medetomidine, dexmedetomidine 

causes bradypnea in goats (Kästner et al., 2007, Shah et 

al., 2016). In the present study, EA plus medetomidine 

had less effect on respiratory function than either 5 or 20 

µg kg-1drug treatments alone. Previous research found 

that all α2-agonists reduce RT in various animal species 

(Kumar et al., 2014; MacDonald et al., 1988; Shah et al., 

2016). In the line with previous research, we found that 

only 20 µg kg-1 medetomidine administration reduced in 

the rectal temperature in goats; however, this decrease in 

RT values may be associated with a decrease in body 

metabolism system, muscular flaccidity and 

hypothalamic depression (Ahmad et al., 2011). 

Conclusion: The combination of EA and 5 µg kg-1 

medetomidine administration produced adequate 

antinociception in domestic goats with minimal 

physiological alteration suggesting that this combination 

might be an effective strategy for goat clinical 

observation as well for minor surgical procedures. 

Acknowledgments: We appreciated Pakistan Science 

Foundation (PSF/NSLP; KP-UAP No. 691) and Higher 

Education & Commission Islamabad-Pakistan (Nos. 21-

1333/SRGP/R & D/HEC/2016) for financial support to 

conduct this study. 

Conflict of interest: The authors declare no conflict of 

interest. 

REFERENCES 

Ahmad, R., P. Kinjavdekar, H. Aithal, A. Pawdeand D. 

Kumar (2011). Effects of midazolam or 

midazolam-fentanyl on sedation and analgesia 

produced by intramuscular dexmedetomidine in 

dogs. Asian J.Anim. Sci. 5: 302-

316.doi: 10.3923/ajas.2011.302.316 

Alex D:Veterinary Anesthesia Principles to Practice. 

John Wiley & Sons Ltd. The Atrium, Southern 

Gate, Chichester, West Sussex, PO19 8SQ, 

United Kingdom 2010. 

Ambrisko, T.D. andY. Hikasa (2002). Neurohormonal 

and metabolic effects of medetomidine 

compared with xylazine in beagle dogs. Can. J. 

Vet. Res. 66: 42-49.  PMID: 11858648; PMCID: 

PMC226981 

Carroll, G.L., S.M. Hartsfield, T.H. Champney, S.C. 

Geller, E.A. Martinez and E.L. Haley (2005). 

Effect of medetomidine and its antagonism with 

atipamezole on stress-related hormones, 

metabolites, physiologic responses, sedation, 

and mechanical threshold in goats. Vet. Anaesth. 

Analg. 32: 147-157.doi.org/10.1111/j.1467-

2995.2005.00187.x 

Cheng, L.L., M.X. Ding, C. Xiong, M.Y. Zhou, Z.Y. Qiu 

and Q. Wang (2012). Effects of 

electroacupuncture of different frequencies on 

the release profile of endogenous opioid 

peptides in the central nerve system of goats. 

Evid. Based. Complement. Alternat. Med. 2012: 

476457.doi: 10.1155/2012/476457 

Cui, L.Y., N.N. Guo, Y.l. Li, M. Li, and M.X. Ding 

(2017). Analgesic and physiological effect of 

electroacupuncture combined with epidural 

lidocaine in goats. Vet. Anaesth. Analg. 44: 959-

967.doi: 10.1016/j.vaa.2016.10.003 

DeRossi, R., E.B. Gaspar, A.L. Junqueira andM.P. 

Beretta (2003). A comparison of two 

subarachnoid α2-agonists, xylazine and 

clonidine, with respect to duration of 

antinociception, and hemodynamic effects in 

goats. Small. Rumin. Res. 47: 103-

111.doi.org/10.1016/S0921-4488(02)00253-5 



Shah et al.,  J. Anim. Plant Sci., 33 (6) 2023 

 1444

Dong, Q.L., and G.N. Wang (2006). Effect of general 

anaesthesia with combination of acupuncture 

and enflurane applied in radical operation of 

laryngocarcinoma. Chin. J. Integr. Med. 12: 

306-309. doi: 10.1007/s11655-001-0306-7 

Eisenach, J.C., D.J. Detweiler, C. Tong, R.D. Angelon 

and D.D. Hood (1996). Cerebrospinal fluid 

norepinephrine and acetylcholine concentrations 

during acute pain. Anesth. Analg. 82: 621-626. 

doi: 10.1097/00000539-199603000-00034 

Groeben, H., W. Mitzner and R.H. Brown (2004). Effects 

of the alpha2-adrenoceptor agonist 

dexmedetomidine on bronchoconstriction in 

dogs. Anesthesiology. 100: 359-363. doi: 

10.1097/00000542-200402000-00026 

Han, J.S. (2004). Acupuncture: neuropeptide release 

produced by electrical stimulation of different 

frequencies. Trends. Neurosci. 26: 17-

22.doi: 10.1016/s0166-2236(02)00006-1 

Han, J.S. (2008). Acupuncture anesthesia versus 

acupuncture-assisted anesthesia. In: Han JS, ed. 

The neurochemical basis of pain relief by 

acupuncture. Beijing: Peking University 

Medical Press, pp. 6-7. 

Herradon, G., L. Ezquerra, T. Nguyen, C. Wang, A. Siso, 

B. Franklin, L. Dilorenzo, J. Rossenfeld, Silos- 

I. Santiago, and L.F. Alguacil(2008). 

Noradrenergic and opioidergic alterations in 

neuropathy in different rat strains. Neurosci. 

Lett. 438: 186-189. doi.org/ 10.1016/ 

j.neulet.2008.03.095 

Humphries, S.A., N.R. Long and M.H. Johnson (1994). 

Iontophoretically applied potassium ions as an 

experimental pain stimulus for investigating 

pain mechanisms. Percept. Psychophys. 56: 637-

648. doi: 10.3758/bf03208357 

Ifrim Chen, F., A.D. Antochi, and A.G. Barbilian (2019). 

Acupuncture and the retrospect of its modern 

research. Rom. J. Morphol. Embryol. 60: 411-

418. PMID: 31658313 

Jie, H., X. Jiming, G. Xiaoqin, and W.H. Zhu (1999). 

Effects of acupuncture on intracellular free 

calcium and magnesium concentrations in 

cardiac myocytes of hemorrhagic hypotension 

rabbits. World. J. Acupuncture. 38-42. 

doi.org/10.1007/BF02934622 

Kabalak, A., E. Ekmekçioğlu, A. Ceylan and K. Kahveci 

(2013). The synergistic antinociceptive 

interactions of morphine and dexmedetomidine 

in rats with nerve-ligation injury. Hippokratia. 

17: 326-331. PMID: 25031511 

Kästner, S.B., J. Boller, A.P. Kutter, S.M. Pakarinen, 

M.P. Ramela and M.K. Huhtinen (2007). 

Comparison of cardiopulmonary effects of 

dexmedetomidine administered as a constant 

rate infusion without loading dose in sheep and 

goats anaesthetised with sevoflurane. Small. 

Rumin. Res. 71: 75-82.doi.org/ 

10.1016/j.smallrumres.2006.05.001 

Kinjavdekar, P., G.R.A. Singh, H.P. Aithal and A.M. 

Pawde (2000). Physiologic and biochemical 

effects of subarachnoidally administered 

xylazine and medetomidine in goats. Small. 

Rumin. Res. 38: 217-228. doi: 10.1016/s0921-

4488(00)00161-9. 

Kumar, R., P. Kinjavdekar, H. Aithal, A. Pawde, A. 

Kumar, J. Singh, S. Khattri and  D. Madhu 

(2014). Clinicophysiological, 

haematobiochemical and haemodynamic effect 

of propofol and ketamine with dexmedetomidine 

in urolithic goats. Vet. World. 

7.doi.org/10.14202/vetworld.2014.566-573 

Liu, D.M., Z.Y. Zhou, Y. Ding, J.G. Chen, C.M. Hu, X. 

Chen and M.X. Ding (2009). Physiologic effects 

of electroacupuncture combined with 

intramuscular administration of xylazine to 

provide analgesia in goats. Am. J. Vet. Res. 70: 

1326-1332. doi: 10.2460/ajvr.70.11.1326. 

MacDonald, E., H. Scheinin, and M. Scheinin (1988). 

Behavioural and neurochemical effects of 

medetomidine, a novel veterinary sedative. Eur. 

J. Pharmacol. 158: 119-

127.doi.org/10.1016/0014-2999(88)90260-9 

Miksa, I.R., M.R. Cummings, and R.H. Poppenga (2005). 

Determination of acepromazine, ketamine, 

medetomidine, and xylazine in serum: multi-

residue screening by liquid chromatography-

mass spectrometry. J. Anal. Toxicol. 29: 544-

551.doi.org/10.1093/jat/29.6.544 

Parmen, V. (2014). Electroacupuncture analgesia in a 

rabbit ovariohysterectomy. J. Acupunct. 

Meridian. Stud. 7: 15-24.doi.org/ 

10.1016/j.jams.2013.05.004 

Qin, B.G., Y.T. Lin,X.X. Cheng Q. F. Peng, Y. S. Sun, 

W. L. Chen and L. Y. Zhang (1996). 

Electroacupuncture combinedwith low dose 

epidural anesthesia for subtotal gastrectomy. 

Chin. J. Pain. Med. 2:135–143. PMID: 9387350. 

Qu, G., X. Zhuang, G. Xu, L. Yang, Z. Wang, S. Chen 

and  T. Xie (1996). Clinical observation on 

combined anesthetics acupuncture anesthesia in 

50 patients undergoing renal transplantation. 

Chin. J. Pain. Med. 2: 72-77. 

Shah, Z., S. Ahmad, I. Ahmad, T. Shah, F.A. Khan and 

H. Amanullah (2021). Antinociceptive, 

physiologic and biochemical effects of 

electroacupuncture combined with xylazine in 

hybrid goats. Vet. Anaesth. Analg. 48: 671-

678.doi.org/10.1016/j.vaa.2021.06.014 

Shah, Z., M.X. Ding and M.L. Hu (2014). A review on 

the current use of alpha2 agonists in small 



Shah et al.,  J. Anim. Plant Sci., 33 (6) 2023 

 1445

ruminants. Kafkas. Univ. Vet. Fak. Derg. 20: 

633-639.doi:10.9775/KVFD.2013.10541 

Shah, Z., M.L. Hu, Z.Y. Qiu, F.Y. Zhou, J. Zeng, J. Wan, 

S.W. Wang, W. Zhang and M.X. Ding (2016). 

Physiologic and biochemical effects of 

electroacupuncture combined with intramuscular 

administration of dexmedetomidine to provide 

analgesia in goats. Am. J. Vet. Res. 77: 252-259. 

doi: 10.2460/ajvr.77.3.252 

Shah, Z., A.B. Kalhore, A.B. Kachiwal, I. Ahmad, H. 

Sattar and M.A. Khan (2013). Comparative 

studies on sedative and analgesic effects of 

xylazine and detomidine in goats. J.Anim.Plant 

Sci. 21: 1019-1023. 

Shah, Z., S. Munawar, I. Ullah, T. Shah, H.A. Ullah, S. 

Nawaz, F.A.Khan and M.K. Shah (2020). 

Combined physico-chemical and analgesic 

effects of electroacupuncture plus clonidine in 

goats. Sarhad J.Agri. 36: 1127-1135. 

doi.org/10.17582/journal.sja/2020/36.4.1127 

Shankar, N., A. Varshney, A. Bhattacharya and K.N. 

Sharma (1996). Electroacupuncture, morphine 

and clonidine: a comparative study of analgesic 

effects. Indian. J. Physiol.Pharmacol. 40: 225-

230. MID: 8950137 

Sinclair, M.D. (2003). A review of the physiological 

effects of alpha2-agonists related to the clinical 

use of medetomidine in small animal practice. 

Can. Vet. J. 44: 885-897. PMID: 14664351 

Tang, N.M., H.W. Dong, X.M. Wang, Z.C. Tsui and J.S. 

Han (1997). Cholecystokinin antisense RNA 

increases the analgesic effect induced by 

electroacupuncture or low dose morphine: 

conversion of low responder rats into high 

responders. Pain. 71: 71-80. doi: 10.1016/s0304-

3959(97)03341-1 

Ulett, G.A., S. Han and J.S. Han (1998). 

Electroacupuncture: mechanisms and clinical 

application. Biol. Psychiat. 44: 129-138. doi: 

10.1016/s0006-3223(97)00394-6 

Wang, D.W. andY.H. Jin (1989). Present status of 

cesarean section under acupuncture anesthesia in 

China. Fukushima. J. Med. Sci. 35: 45-52. 

PMID: 2487311 

Wu, G., Y. Wang and X. Cao (2010). Acupuncture-Drug 

Balanced Anesthesia, in: Xia, Y., Cao, X., Wu, 

G., Cheng, J. (Eds.), Acupuncture Therapy for 

Neurological Diseases. Springer Berlin 

Heidelberg, Berlin, Heidelberg, pp. 143-161. 

doi.org/10.1007/978-3-642-10857-0_6 

 


