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(ABSTRACT) 

The aim of this study was to determine the contractile responses of 

normal virgin rat uterine smooth muscle to the a, adrenergic agonist, xylazine 

HCl, in the presence or absence of the selective a, adrenoceptor blocker, 

idazoxan HCl. Sections of full thickness uterus measuring 5 x 1 x 1 mm taken 

from mature, virgin Sprague-Dawley rats were used in isolated tissue baths 

containing 37°C Krebs-bicarbonate solution, and continually aerated with 95% 

O, and 5% CO,. Following stabilization of spontaneous coniractions, the 

tissues were exposed to either no idazoxan (control), 107° M idazoxan (low), 

10“ M idazoxan (medium), or 10° M idazoxan (high). Five minutes later, 

xylazine was added to all baths in a cumulative manner at quarter log incre- 

ments from 1 x 10° through 1 x 10° M. The % response in peak developed 

tension and effective concentration resulting in a 50% response (EC,,) for the 

four treatment groups were examined. Results indicated that xylazine alone, at 

a



concentrations greater than 1 x 10* M, caused a significant negative inotropic 

response. Pre-treatment with idazoxan at a concentration greater than 10* M 

enhanced the negative inotropic effect of xylazine in a dose-dependent manner. 

The mechanism of this synergism is unknown but is proposed to be a local 

anesthetic action due to sodium channel blockade.



ACKNOWLEDGEMENTS 

! would like to thank Dr. Lee for his guidance, encouragement, and 

patience through the course of my graduate studies. | am sincerely thankful for 

his willingness and encouragement to let me explore my ideas and theories on 

how to conduct this study, and for his input in perfecting the final design of this 

study and thesis. | also thank Dr. Purswell for her inspiration and help in 

setting a direction for a study of a, adrenoceptors in female genital tracts. | 

thank Dr. Wilcke for his encouragement and assistance in my understanding 

clinical pharmacology and in developing a computer model for the data. In 

addition, | also thank Willie McCain for his comradery as a fellow, often 

frustrated, graduate student, and Megan Irby for her rapid procurement of rats 

and drugs when they were so desperately needed. | thank Mom, Dad, and 

Louise for their support of my academic pursuits, words of encouragement, and 

for asking about the details of my thesis. And, above all, | thank Chuck for 

being there through it all.



TABLE OF CONTENTS 

PAGE 

ACKNOWLEDGEMENTS iv 

TABLE OF CONTENTS v 

LIST OF TABLES vi 

LIST OF FIGURES vii 

CHAPTER |. INTRODUCTION 

A. Principal Aims 1 

B. Literature Review 1 

1. Anatomy of the Uterus 1 

2. Anatomy and Physiology of the 

Autonomic Nervous System 

3. Uterine Adrenergic Physiology 18 

CHAPTER Il. METHODS AND MATERIALS 20 

A. Tissue Preparation : 20 

B. The /n Vitro System 22 

C. Experimental Design 24 

D. Data Analysis 25 

CHAPTER Ill. RESULTS 29 

CHAPTER IV. DISCUSSION 34



CHAPTER V. SUMMARY 

CHAPTER VI. FUTURE INVESTIGATIONS 

REFERENCES 

VITA 

41 

42 

43 

55



Table 

LIST OF TABLES 

Percent response (% of baseline response) by 
uterine tissues receiving only xylazine HCl 

(control) and uterine tissues exposed to 

one of three concentrations of idazoxan HCl 
for 5 minutes prior to and during 
construction of a cumulative concentration 

response curve to xylazine HCl.............-...46- 30 

Vil



Figures 

10 

11 

LIST OF FIGURES 

Page 

The female reproductive tract...................000. 3 

Comparative anatomy of the reproductive 

tract of domestic mammals ...................00055 4 

The reproductive tract of the rat...................2.. 5 

Masson’s trichrome stain of a strip of virgin 
rat myometrium. .. 2... ee ee eee 6 

Smooth muscle receptors and the role of 
receptors in control of muscle contraction............. 10 

Location of a receptors; sites of NE action............ 11 

The chemical structures of three a, 
adrenoceptor agonists and the amide local 
anesthestics. .. 0... 0... eee 14 

Chemical structure of four a, adrenoceptor 
antagonistS ........ 2... eee ee ee eee 17 

Placement of clamps for removal of uterus 
and section of uterine horn from which tissue 
strips were obtained. .................00000 2000 21 

A water bath for use in isolated muscle 
StUdIES ©. ee ee eee 23 

A probit-log plot of data from one tissue 
sample showing the actual data points and 

the line of best fit for determination of 
the EC, for that individual tissue ................... 27 

vill



12 

13 

Semi-log plot of the concentration response 
curve to xylazine in virgin rat myometrium 

in the absence and presence of increasing 
concentrations of idazoxan......... 2.2.00 e ee eee 32 

The EC,, (mean + SEM) of xylazine in virgin 
rat myometrium for control and strips 
treated with low (10° M), medium (10% M), 
and high (10° M) idazoxan concentrations ........... 33



CHAPTER | 

INTRODUCTION 

A. Principal Aims 

Numerous researchers have attempted to quantitate and determine the 

function of the adrenergic receptor population within the uterus in a variety of 

species. While some work has been done in non-pregnant, non-hormonally 

treated, sexually mature females of other species, the function of a, adreno- 

ceptors in rat myometrium has not been fully determined. 

The aim of this study is to determine the contractile responses of normal 

virgin rat uterine smooth muscle to the a, adrenoceptor agonist, xylazine HCl, in 

the presence or absence of the selective a, adrenoceptor blocker, idazoxan 

HCl. 

B. Literature Review 

1. Anatomy of the uterus 

The uterus is a hollow, muscular, bicornate organ of reproduction found 

only in the mammalian female.'* Positioned in the caudal abdominal cavity, the 

uterus consists of a cervix, a body and two uterine horns which extend to the



ovaries via the uterine tubes.'* In most species the two uterine horns diverge 

from a singular uterine body.' (Figure 1) The body of the uterus joins the 

muscular cervix, which serves to protect the uterine environment from patho- 

gens. The size, shape, and proportions of the uterine horns relative to the body 

vary among species. (Figures 2, 3) 

Histologically, the uterine wall is composed of three distinct layers: 

serosal, muscular, and mucosal.” (Figure 4) The serosal layer, or perimetrium, 

is outermost and covers the uterus with reflected visceral peritoneum. The 

muscular layer, or myometrium, is composed of 3 layers.**® Between the two 

layers of longitudinal and circular smooth muscle is a prominent third layer of 

blood vessels, lymphatics, and fine nerve fibers.'*°’° The mucosa, or endome- 

trium, provides a surface for the fertilized ovum to attach and develop a placen- 

ta for growth of the embryo and fetus. '* 

The uterus receives the fertilized ovum and provides the conceptus with 

nutrients and protection until parturition."** During parturition, strong rhythmic 

contractions of the myometrium serve to expel the fetus and then complete ° 

placental separation. If myometrial contractions begin before the fetus has fully 

developed the outcome is abortion, and death, of the fetus.’



  
Figure 1: The female reproductive tract. a Right ovary; b Uterine tube; 

c Uterine horn; c’ Body of uterus; d Cervix; e Vagina; f Vestibule (From: 

Schummer A, Nickel, R, Sack Wo. The Viscera of the Domestic Mammals. 

2nd Revised ed. New York: Sringer-Verlag, 1979, p 372.)



  
Figure 2: Comparative anatomy of the reproductive tract of domestic mammals. 

A Prototypical female genital tract; B Rabbit; C Dog; D Pig; E Cow; F Horse 

(From: Schummer A, Nickel, R, Sack WO. The Viscera of the Domestic Mam- 

mals, 2nd Revised ed. New York: Sringer-Verlag, 1979, p 356.)
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Figure 3: The reproductive tract of the rat. (From: Bivin WS, et al.: In Baker HJ, 

et al. (eds): Biology of the Rat, New York, 1979, p 93.)



  
Figure 4: Masson’s Trichrome stain of a strip of virgin rat myometrium. The 

endometrial surface is to the left; the serosa is to the right. The smooth muscle 

stains blue.



2. Anatomy and physiology of the autonomic nervous system 

The autonomic nervous system consists of two broad divisions: the 

parasympathetic, or cholinergic, and the sympathetic, or adrenergic.'”'* There 

is a continuous autonomic balance of parasympathetic and sympathetic tone at 

all times."°'*'* Tissues and organs receiving autonomic innervation contain 

receptors for both systems. '°'"® 

Tissues receiving parasympathetic innervation possess receptors which 

bind acetylcholine (Ach), a peripheral neurotransmitter released from parasym- 

pathetic nerve terminals and preganglionic sympathetic neurons.'* When an 

action potential travels down a parasympathetic nerve fiber and reaches the 

nerve terminal, Ach is released into the synapse. Acetylcholine then binds Ach- 

specific receptors in the membrane of the post-synaptic cell. If the post-synap- 

tic cell is another neuron, the action potential is propagated. When the post- 

synaptic cell is a muscle cell, Ach binding to the cell membrane results in 

membranes changes necessary for initiation of muscle contraction. Like most 

naturally occurring neurotransmitters, Ach is rapidly biotransformed at the ° 

synapse and the metabolites recycled by the presynaptic neuron to form more 

neurotransmitter.'7"'*'°"” 

The sympathetic nervous system is more complex than the parasympa- 

thetic. The number of possible receptor types within the sympathetic system 

results in many different neurotransmitters for these receptor sites."* Adrener-



gic receptor types are divided and repeatedly sub-divided in attempts to 

accurately describe specific receptors.'? Langley first proposed the theory of 

receptors, ‘**°*' but it was 40 years later that Ahlquist actually described two 

pharmacologically distinct types of adrenergic receptors, which he temporarily 

named alpha (a) and beta (8) receptors.*' These original "temporary" names 

have persisted into today’s modern nomenclature. 

Later others demonstrated subtypes of both a” and B™ adrenoceptors. 

It is presently accepted that the adrenergic receptor is widely variable in type 

and includes « and B subtypes «a, a,, B,, and B,.'*'***5 Adrenergic receptor 

sub-classes have also been identified for other neurotrans-mitters such as 

dopamine, 5-hydroxytryptamine, etc.*°°” 

The three most common adrenergic neurotransmitters are 1) dopamine, 

found primarily within the central nervous system, 2) epinephrine, released from 

the adrenal medulla into the general circulation at times of stress, and 3) 

norepinephrine (NE), which is released from postganglionic sympathetic 

neurons terminating in the periphery; NE is also a major neurotransmitter within - 

the CNS."°'*'*8 Norepinephrine, a naturally occurring adrenoceptor agonist, 

binds a,, a, B,, and B, receptors.”*° The relative populations of these recep- 

tors in a tissue determines the response to NE. Activation of the a, adreno- 

ceptor stimulates a phosphodiesterase to split phosphatidyl inositol into two 

messengers: inositol triphosphate (IP,) which acts on Ca** release from the



sarcoplasmic reticulum and 1 ,2-diacylglycerol (1,2-DG) which activates protein 

kinase C and promotes a sustained contraction.*' (Figure 5) 

The a, adrenoceptor type is less well defined than the a, adrenoceptor, 

though a hypothetical model has recently been proposed.” The classical 

description of a, adrenoceptors is based on the anatomical location of the a 

adrenoceptor, ie: presynaptic or postsynaptic.'**”** This anatomical description 

defines «, adrenoceptors as pre-synaptic inhibitory a adrenoceptors.”° 

Activation of this presynaptic « adrenoceptor serves as a negative 

feedback mechanism for NE release by inhibiting the release of additional 

NE.*”°?*7 (Figure 6) Once released into the synaptic cleft NE binds with 

postsynaptic NE specific receptors. The receptor-NE complex alters the 

permeability of the post-synaptic cell to sodium, potassium, and calcium ions, 

allowing the action potential to be propagated in the CNS, or muscle contraction 

to be initiated in the periphery.7”*° As long as the inhibitory effect 

of a, adrenoceptor stimulation remains, action potentials reaching the pre- 

synaptic nerve terminal do not result in release of the neurotrans- 

mitter.**'977934°41 Normal NE metabolism and reuptake at the synapse rapidly 

reduces the amount of NE available to bind a adrenoceptors, and the pre- 

synaptic neuron is once again able to release NE in response to an action 

potential 14,15,27,33,39,42
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The anatomical description of presynaptic a, vs postsynaptic a, adreno- 

ceptors usually holds true.” However, it is now being challenged by pharmaco- 

logical-binding descriptions.'°*"°°*“ Radioligand studies utilizing tritiated a 

adrenergic compounds demonstrate that a, and a, adrenoceptors are not 

confined to presynaptic and post-synaptic locations.'°°°*"*" Alpha, adreno- 

ceptors are described pharmacologically as a adrenoceptors possessing a high 

degree of affinity for compounds such as clonidine, rauwolscine, and 

yohimbine*"* while «, adrenoceptors preferentially bind methoxamine, phenyl- 

ephrine, and prazosin.'°*"4 

It is now evident that some adrenoceptors on postsynaptic cell mem- 

branes selectively bind o, specific compounds.'*'**'°* While some a, 

adrenoceptors are found on the postsynaptic membrane, many are located on 

the postsynaptic neuronal membrane outside of the synapse proper. Thus, 

postsynaptic a, adrenoceptors are more correctly described as post-junctional.* 

These post-junctional «, adrenoceptors are thought to bind not only NE re- 

leased from the pre-synaptic neuron, but also circulating NE.*”*°** Activation of 

the postjunctional a, adrenoceptor inhibits adenylate cyclase activity necessary 

for promoting contractions in the smooth muscle. (Figure 5) 

The molecular structure of a compound determines whether the com- 

pound acts as an agonist or antagonist at the receptor as well as the degree of 

selective binding the compound possesses for a receptor.**°**°° An agonist is 

12



defined as a compound which selectively binds to a receptor and produces a 

maximal response from that receptor. An antagonist is also highly selective for 

a receptor and readily binds to the site, which reduces or abolishes the effect of 

an agonist. 

Receptor specificity is not to be confused with receptor affinity. Affinity 

‘describes the degree of "tightness" with which a compound binds a receptor.” 

Receptor specificity relates to how many different types or subtypes of a 

receptor to which the compound will bind. A highly specific compound will bind 

to only one or perhaps two receptor subtypes while less specific compounds 

bind to many subtypes of a receptor class. Many agonist and antagoist 

compounds have been formulated with varying degrees of specificity and affinity 

for the different adrenergic receptors.°"°° 

Numerous a-adrenergic active compounds have been formulated and 

tested in vitro in an attempt to develop highly selective «, agonists and antago- 

27,40,56 nists.2'°41°25\ The a, adrenoceptor agonists clonidine and xylazine (2- 

[2,6-dimethylphenylamino]-4H-5,6-dihydro-1 ,3-thiazin) °”°° are thiazide deriva- 

tives.42:5859 (Figure 7) Both compounds have been studied in vitro in isolated 

tissue preparations, in vivo in pithed and intact animals, and have been tritiated 

for use in radioligand studies.7”°*** Xylazine and clonidine are generally 

considered to be similar in their pharmacology and mode of action as they are 

both imidazolines,™ though a recent study demonstrates a significant difference 

13



Figure 7: Chemical structures of three a, adrenoceptor agonists and of the 
amide local anesthetics. | 
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between the two compounds.*” 

Xylazine is used in veterinary medicine to produce sedation and analge- 

sia in a number of species.“°°* Though xylazine is considered an a. adreno- 

ceptor agonist, there is an initial, transient a, effect following intravenous 

administration.“ This is manifested clinically as a brief period of hypertension 

due to a, adrenoceptor mediated vasoconstriction.°“°*""**”_ In addition, 

xylazine also binds other adrenergic and non-adrenergic receptors (a,, B, 

cholinergic, dopaminergic, serotoninergic, H,-histaminergic, and opioid). © 

The predominant effects of xylazine are attributable to its a, adreno- 

ceptor agonist effects as these effects are readily reversed by a, adrenoceptors 

antagonists.°°°° Central a, adrenoceptor stimulation is manifest clinically as 

sedation, analgesia, and hypotension.°”°2°"**°" Peripheral a, adrenoceptor 

effects are annoying in that they are generally considered unwanted side 

effects. Side effects associated with the use of a, adrenoceptor agonists 

57,63,66 include bradyarrhythmias,°”*"* hypotension, ataxia due to excessive 

muscle relaxation,*’ gastrointestinal stasis,**°’ and the risk of abortion when ~ 

used during the last trimester in some animal species.””” 

The abortifacient effect of xylazine at clinical dosages has been docu- 

mented in cattle and is suspect in other species.”” Jn vivo studies in pregnant 

and non-pregnant food animals demonstrate significant increases in intrauterine 

71,72,74 pressure and electromyographic activity” following xylazine administration. 
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Xylazine induces an increase in spontaneous myometrial contractions when 

administered to instrumented cattle” and sows.” This effect has been replicat- 

ed in vitro with bovine myometrium in isolated tissue baths.“ Xylazine 

induced contractions can be blocked by a, adrenoceptor antagonists such as 

yohimbine and idazoxan, but not by prazosin, a selective a, adrenoceptor 

antagonist.” 

The a, antagonists most often employed in in vitro studies are 

rauwolscine, yohimbine, and idazoxan.****°° (Figure 8) Other more selective 

compounds have been used in radioligand studies, and though some have 

subsequently been used in isolated tissue preparations, few have been used in 

vivo.*> Tolazoline is an a, adrenoceptor antagonist often used in vivo to 

reverse the effects of xylazine. However, it lacks sufficient a, adrenoceptor 

specificity to be useful in in vitro studies.'°°°°° 

Rauwolscine was one of the first a adrenoceptor antagonists discovered 

and is highly specific for a, adrenoceptors.**"°° Yohimbine is also specific for 

a, adrenoceptors,”“*°" though in some studies it demonstrates binding at other ° 

receptors, including postsynaptic a, adrenoceptors.» ’””” 

Idazoxan (2-(2-(1,4-benzodioxanyl)-2-imidazoline), an imidazoline, was 

formulated in the late 1970’s and represents a new class of a, adrenoceptor 

antagonists.” It is highly selective for a, adrenoceptors and demonstrates no 

significant in vitro binding to other receptor types.*"** °° |dazoxan is 

16



    
Figure 8: Chemical structures of four a, adrenoceptor antagonists. 
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reported to be six times as selective as yohimbine for the a, adrenoceptor” and 

is considered one of the most potent (high receptor affinity) and selective a, 

adrenoceptor antagonists.” 

3. Uterine adrenergic physiology 

The uterus receives autonomic innervation from both the parasympathet- 

ic and sympathetic nervous systems via the pelvic nerve and hypogastric 

plexus, respectively.2*** In addition, there is a network of fine non-myelinated 

nerves within the myometrium. This intrinsic innervation controls myometrial 

contractions and has been described as being "broadly coordinative, slow 

acting, not sharply localized and non-specific in that the motor response to 

nervous stimulation is conditioned by the dominant ovarian hormone".? This 

intrinsic nervous network continues to function normally even after uterine 

autonomic denervation, provided ovarian hormones remain present.™ 

Three adrenergic receptor types, a,, a, and B, adrenoceptors have been 

identified in the uterus, specifically in the myometrium.° '*4°94 The most  “ 

prevalent adrenoceptor in the myometrium is the « receptor.~"°** Both a, and 

a, adrenoceptors are found in the myometrium,”°°***” though the number of 

70,89-92 73,82,86,93 
each type depends on the species, gonadal hormones present, and 

the muscle layer studied.““** Radioligand studies demonstrate both a, and a, 

adrenoceptors on the plasma membrane of the rat myometrial cells. Alpha, 

18



adrenoceptors are associated with the contractile response of the myometrium 

much like that observed in vascular smooth muscle.”°%87°9. Although a large 

population of a, adrenoceptors have been identified in the myometrium, their 

function in the myometrium has not been determined.°% 

The objective of this study was to determine the assess of idazoxan, a 

highly selective a, adrenoceptor antagonist, on the effect of spontaneous 

uterine contractions following exposure to xylazine HCI, an a, adreonceptor 

agonist, in vitro. 

19



CHAPTER II 

METHODS AND MATERIALS 

A. Tissue Preparation 

Mature, nulliparous, non-pregnant, female Sprague Dawley rats weighing 

200-250 grams were anesthetized by intraperitoneal injection of sodium pento- 

barbital (30 mg/kg). A ventral midline incision was made and the uterus 

identified. Clamps were applied to each ovarian plexus and the uterus removed 

from the uterine ducts to the junction of the horns at the uterine body. 

(Figure 9) Upon removal, the uterus was immediately placed in a beaker of 

room temperature (20° C) Krebs bicarbonate solution. Carbogen (95% O,/5% 

COQ,) was continuously bubbled through the solution. The rat was then immedi- 

ately euthanized with an overdose (200 mg/kg) of sodium pentobarbital IP. 

The broad ligament and accompanying blood vessels were removed from 

the uterine horns and the two horns separated at their junction with the uterine 

body. Each horn was opened longitudinally along the mesometrial boarder and ° 

two pieces measuring 5 mm in length were removed from the fundal end of 

each uterine horn. (Figure 9) The pieces were trimmed to produce strips 1 mm 

wide by 5 mm long. 

20



Full thickness uterine strips were used due to the difficulty in adequately 

removing the serosal and endometrial layers without damaging the myo- 

metrium. One end of each strip was tied with 3-O silk suture for attachment to 

an isometric force transducer. The free end was secured in a clamp and sub- 

merged in 37° C Krebs bicarbonate solution in an isolated muscle bath. 

B. The in vitro system 

Four water-jacketed, 100 ml isolated muscle baths were used. 

(Figure 10) The temperature of the Krebs bicarbonate solution within the baths 

was maintained at 37 + 1° C. The Krebs bicarbonate solution used in the 

baths had the following composition (mM): NaCl 118, KCI 5, MgSO, 2, KH,PO, 

1, NaHCO, 25, CaCl, 2, and dextrose 11. The Krebs bicarbonate solution in 

the muscle bath was continuously aerated with 95% O, and 5% CQ,. At 

rinsing, the baths were drained and refilled with pre-warmed (37°C) Krebs 

bicarbonate solution by gravity flow. 

The uterine strips were suspended in pairs in each bath chamber. 

Changes in contractile force were measured with a Grass (FT03) isometric 

force transducer and recorded on a grass polygraph (Model 7D) at a chart 

speed of 25 mm/sec. 

An initial resting tension of 0.25 grams was applied to the muscle strips. 

Each muscle was allowed at least 30 minutes for stabilization in the muscle 

22
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Figure 9: Placement of clamps for removal of uterus (A) and section of uterine 

horn from which tissue strips were obtained (B). 
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Figure 10: A water bath for use in isolated muscle studies. 
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bath to develop rhythmic, spontaneous contractions. 

All drugs and solutions were made fresh at the start of each day. The 

drugs used were xylazine HCI (Sigma) and idazoxan HCl (Ricket-Coleman) and 

dissolved in distilled, de-ionized water. 

C. Experimental Design 

The effects of idazoxan on responses of myometrium to xylazine were 

investigated in 70 uterine muscle strips. Muscle strips were grouped into four 

treatment groups: no idazoxan (control) (N=19), 1 x 10° M idazoxan (low) 

(N=17), 1 x 10% M idazoxan (medium) (N=17), and 1 x 10° M idazoxan (high) 

(N=17). Concentration response curves to xylazine were obtained by increas- 

ing the concentration cumulatively every two minutes.” Nine xylazine concen- 

trations were studied, from 1 x 10° M through 1 x 10° M inclusive (1 x 10° M, 

2.5x 10° M, 5x 10° M, etc). Preliminary studies indicated that a period of two 

minutes was sufficient for the muscle to produce the maximum response. This 

procedure resulted in reproducible contractile responses to each dose of 

xylazine. In those experiments examining the effects of idazoxan on the 

xylazine induced contractile response, idazoxan was added to the bath five 

minutes before the first dose of xylazine to be tested. Each strip was exposed 

to only one concentration of the antagonist, either 1 x 10° M, 1 x 10% M, or 
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1x 10°M. Two strips of muscle from each run were not exposed to the 

idazoxan and served as controls. 

D. Data Analysis 

The contractile response measured in this study was the peak developed 

tension of the spontaneous contractions. The physiograph was calibrated to 2 

grams/cm chart deflection and the height of the contraction was measured 

using SigmaScan’ and a digitizer pad*. The height was converted to grams 

using the equation: 

Height (mm) X 2 Grams 
Grams of developed tension = 

10 mm 
  

A baseline response for each tissue was determined by averaging the devel- 

oped tension of the contractions in the two minute interval immediately preced- 

ing the first addition of xylazine. This baseline value was considered the 100% 

response by the muscle. All other responses were calculated in a similar 

manner, compared to the 100% response, and expressed as % response. 

The response to xylazine obtained in uterine muscle strips incubated with 

various concentrations of idazoxan was compared with the response obtained in 

the untreated muscle strips. To determine whether the xylazine concentration 

  

1 Sigma-Scan, Version 3.0, Jandel Scientific, Corte Madera, CA 

2 Summasketch Il, Summagraphics Corp, Seymore, CT. 
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response curves were significantly displaced by idazoxan, the comparisons 

were made at the 50% of the maximal response (EC,,,). This procedure 

permitted comparison in the dose-response curves among the different muscle 

strips. The EC,, values for individual tissues were determined as follows. 

Using PC-Nonlin®, a probit scale was used to determine the line of best 

fit to the data for individual concentration response curves. The slope and Y- 

intercept of this line were determined according to Equation 1 using PC-Nonlin. 

Y=mX +b (Eq. 1) 

Equation 1 was rearranged to give Equation 2 

  (Eq. 2) 

where m = slope, b = Y-intercept, Y = the probit value for 50% (.50), and X = 

the corresponding xylazine concentration. Solving for X using the values 

determined (slope and Y-intercept) gives the xylazine concentration that results 

in a 50% response by the muscle (EC,,). (Figure 11) 

All values are shown as means + SEM. Statistical comparisons were 

made using one way ANOVA to determine differences among treatment groups 

for a given xylazine concentration, and within a group across the cumulative 

concentration response curves. Those xylazine concentrations and treatment 

  

7 PC-Nonlin, Version 3.0, SCI Software, Lexington, KY. 

26



  

    
  

slope = -1.86 

99— Y-intercept = -1.83 

* = Actual values 
90— 

50 
or % 

25 — 

eR 
10— 

* 

1 — 

| | I oft | 1 | 
1 5 10 15 10 

Xylazine Concentration (x 10* M) 

Figure 11: A probit-log plot of data from one muscle sample showing the 
actual data points and the line of best fit from the EC, determination for that 
muscle. 
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groups demonstrating a significant difference were tested further for differences 

between groups and between xylazine concentrations within a group using 

Student’s unpaired t-test. The mean EC,, for each treatment was compared to 

control using Student’s unpaired t-test. Differences were considered significant 

if p < 0.05.% 
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CHAPTER III 

RESULTS 

No significant differences in the size or initial control contractions of the 

muscle strips were observed between experimental groups. The uterine muscle 

strips were suspended so that under their own buoyancy they measured 5 mm 

in length between attachment points. The uterine strips were previously 

trimmed to 1 x 1 mm (1 mm* cross-sectional area). The mean tension (+ SEM) 

of initial control contractions was 0.677 + 0.04 grams. It is noteworthy that - 

idazoxan has no significant effect on the initial control contraction of the muscle 

strips. 

Table 1 summarizes the effect of idazoxan on the xylazine-induced 

contractile response of the virgin rat uterine muscle strips. The values for 

contractile response before xylazine were taken as 100%. In the control group, 

there is no significant attenuation of muscle contraction until a xylazine concen- 

tration of 5 x 10% M in the muscle bath is reached. Pretreatment with a low 

concentration (1 x 10° M) of idazoxan had no effect on the xylazine-induced 

contractile response in the rat uterine muscle strips. However, it is evident from 

the data shown in Table 1 that the sensitivity of xylazine-induced attenuation of 

muscle contraction in rat uterine strips was progressively increased with the 

concentration of idazoxan pretreatment. High concentrations (1 x 10° M) of 
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Table 1: Percent response (% of baseline response) by uterine tissues 

receiving only xylazine HCI (control) and uterine tissues exposed to one of three 

concentration of idazoxan HCl for 5 minutes prior to and during construction of 

a cumulative concentration response curve to xylazine HCl. Values are ex- 

pressed as mean + SEM. 

IDAZOXAN PRE-TREATMENT 

  

  

  

  

  

    
  

  

  

                  

XYLAZINE (% of Baseline Response) 

CONCENTRATION || CONTROL LOW MEDIUM HIGH 
(N=19) (N=17) (N=17) (N=17) 

1X10°M 112.73 106.52 108.19 92.79 
+ 7.29 + 9.85 + 4.79 + 4.58 

25X10°M 111.37 110.38 101.40 93.00 
+ 8.45 + 15.83 + 7.07 + 12.44 

5X10°M 108.57 107.74 96.14 * 74.30 
+ 10.78 + 14.77 + 5.53 + 5.01 

7.5X10°M 108.41 114.67 102.94 * 60.57 
+ 12.38 + 19.11 + 14.74 + 5.27 

1X10*M 109.74 101.51 95.02 * 56.49 
+ 13.73 + 12.40 + 10.14 + 5.93 

25X10*M 98.07 80.82 * 73.56 * 47.91 
+ 11.06 + 11.43 + 6.06 + 5.04 

5X10*M * 72.44 * 62.41 * 38.75 * 291.82 
+ 12.04 + 13.58 + 5.40 + 5.09 

7.5X10°M * 37.45 * 35.98 * 12.81 * 12.62 
+ 5.28 + 7.52 + 3.90 + 5.01 

1X10°M * 97.39 * 16.97 * 582 * 2.50 
+ 8.11 + 4.06 + 2.50 +217 

Control: No Idazoxan Low: 10° M Idazoxan 

Medium: 10% M Idazoxan High: 10° M Idazoxan 

“Differs significantly (p < 0.05) from baseline response for that treatment. 
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idazoxan produced a significant leftward shift of the xylazine concentration 

response curve. (Figure 12) 

These relationships were further examined by a comparison of concen- 

tration response curves at 50% of the maximal response (EC,,) among different 

treatment groups. Figure 13 shows the relationship between EC,, and different 

experimental groups, in.the-absence and-_presence of.increasing concentrations 

of idazoxan. The mean value of EC,, (+ SEM) for the untreated control muscle 

group was 6.3 + 1.9x 10*M. This value was progressively decreased with 

increasing idazoxan concentrations. The mean EC., (e SEM) for low, medium, 

and high idazoxan treatment groups were 4.2 + 0.8, 2.2 + 0.2, and 1.5+0.3 x 

10% M, respectively. Compared to control, this shift was significant only at the 

high idazoxan (1 x 10° M) concentration level. 

31



O—O No Idazoxen (Contro) 4A 1x104M Idazon 

  

  
  

@—@ 1x10°M Idazoxan A—A 1x10°M Idazoxan 

125 - 
OO 

100 - g 

3 
c 75- 
© 
G. 
ww 
@® 
fj 50- 

x 
25 - e@ 

a 

O- | | IT IT 
Py | 5 1.0 1.5 10 

Xylazine HCI (x 10* M) 

Figure 12: Semi-log plot of the xylazine concentration response curves in 
virgin rat myometrium in the absence and presence of increasing idazoxan 
concentrations. 
*Differs from control. 

32



10- 

1.5—- 

  

  

a | LY 

  

Xy
la
zi
ne
 
Co

nc
en

tr
at

io
n 

(x
 
10

M)
 

at
 
EC
 
59

 

ol
 

©
 | 

e
e
 

KK 

+ 
                      0 | I I | 

Control Low Medium High 

Treatment Group 

Figure 13: The EC,, (mean + SEM) of xylazine in virgin rat myometrium for 
control and three concentrations of idazoxan. 

*Differs from control. 
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CHAPTER IV 

DISCUSSION 

This study was undertaken primarily to examine the effects of idazoxan 

on xylazine induced contractile responses in uterine muscle of virgin rats and 

evaluate a, adrenoceptor action on these muscles. The objective was to apply 

established isolated muscle preparations for assessing and quantifying the 

contractile actions of virgin rat uterine muscle to an a, adrenoceptor agonist 

and antagonist. The contractile response to the agonist was defined by 

concentration response curves and the response following pre-treatment with a 

specific antagonist was assessed by the shift of EC... 

The most important finding of this study is that this preparation could not 

elucidate a response attributable to a, adrenoceptor function in virgin rat 

myometrium. Xylazine concentrations greater than 1 x 10% M produce a dose- 

dependent negative inotropic action on uterine muscle of virgin rats and more- 

over this action was potentiated by the pretreatment of idazoxan. In contrast, 

Ko et al reported that xylazine increases uterine contractility of bovine myome- 

trium in a dose dependent manner from 10° to 10° M concentration.” Similar 

findings have also been demonstrated in some other species.°°°"’°’""*_ There is 

no clear explanation for the observed differences in sensitivity of the contractile 

response to xylazine. 

34



These differences, however, cannot be ascribed entirely to the ranges of 

concentrations studied. In our preliminary studies we consistently found no 

significant positive effect of xylazine on uterine muscle of virgin rats ranging 

from 10°" to 10% M. It has been shown that ruminant, in particular the domestic 

ruminants, are more sensitive to the effects of xylazine than non-ruminants, 

including the rat.** °°" Species differences in the uterine response to a, 

adrenoceptor agonists are due to differences in the relative number and/or 

function of a, vs a, adrenoceptors within the myometrium .%87079258789.90.94, 98.99} 

is also of interest that the changes in estrogen and progesterone levels alter the 

relative number and function of myometrial adrenoceptors.® °°°'% These 

70,86,89,92,94, 101,103 and age of the changes vary substantially among various species 

animal .°8:88 105 

The likelihood that the negative inotropic properties of xylazine can be 

ascribed to the tachyphylaxis is ruled out by our early pilot studies. The 

negative inotropic action of xylazine was independent of the duration of expo- 

sure to xylazine and the concentration of xylazine to which the muscle strip had’ 

been previously exposed. Several possibilities must be considered to explain 

the negative inotropic effect of xylazine. It is well recognized that xylazine is 

classified as an o, agonist, acting predominantly at a, adrenoceptors.°”°9* 

However, xylazine has also been shown to have a local anesthetic action in 

vivo and in vitro.’°"'° Xylazine and other a, agonist share a common chemi- 
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cal structure with the amide local anesthetics.“ (Figure 7) The local anesthetic 

action of xylazine may relate to the direct blockade of voitage-sensitive sodium 

channels.”"*” It has been suggested that xylazine, lidocaine, or other local 

anesthetic agents may obstruct the external opening of the membrane channel, 

preventing the influx of sodium ions through the channel.'” 

Xylazine could also indirectly cause sodium channel blockade when 

bound to postjunctional a, adrenoceptors through inhibition of the intracellular 

second messenger, cAMP. Alpha, adrenoceptor agonists have been shown to 

stimulate the inhibitory guanine nucleotide protein (G,), resulting in the inhibition 

of cAMP production thus lowered the state of activation of the cAMP dependant 

protein kinase and inactivation of various voltage-sensitive membrane channels, 

including sodium and calcium.$°%8918 12 Either mechanism would effectively 

prevent the sodium influx necessary for depolarization of the postsynaptic cell. 

Visceral smooth muscle is formed by sheets of muscle cells which 

undergo spontaneous contractions.'’*'* It is self excitatory and action poten- 

tials occur without an extrinsic stimulus.° Plateaus in smooth muscle action 

91,104,113 potentials are common and last up to 30 seconds. Uterine smooth 

muscle is characterized by a high degree of spontaneous activity.5°°4909". 1-4 

"815-117 In uterine smooth muscle, movement of sodium ions is the primary 

determinant in depolarization. '* 
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Due to a poorly developed sarcoplasmic reticulum, smooth muscle relies 

on an extracellular source of calcium for contraction.''*'” If xylazine is acting 

via the G, protein through binding to the a, adrenoceptor, it is likely that the 

calcium channels in cell membranes are blocked. The inhibitory effect we 

observed at xylazine concentrations greater than 1 x 10* M could therefore be 

due to a reduction in calcium influx through the voltage-sensitive channels. In 

addition, inhibition of adenylate cyclase can also activate potassium conduc- 

tance.''? This would, of course, be expected to influence muscle contraction. 

Earlier studies indicated that idazoxan HCl, a selective a, adrenoceptor 

antagonist, reverses the effects of xylazine on the uterus." Ko et al” report 

that in isolated bovine myometrium, the increase in uterine contractility in 

response to xylazine is antagonized by idazoxan HCl in a dose dependent 

manner at idazoxan concentrations of 10°, 10°’, and 10° M. A recent 

report’' indicates that at concentrations greater than 10° M idazoxan produces 

contractions in isolated rat vas deferens. Thus, it was reasonable to expect 

that the concentration response curve to xylazine to either remain unchanged or 

to flatten and shift to the right as the concentration of idazoxan was increased. 

However, in this study we have found that the concentration response curve to 

xylazine shifted downward and to the left in a dose-dependent manner with 

increasing concentrations of idazoxan. This dose dependent change in the 
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response to xylazine by idazoxan indicates that idazoxan potentiates the 

negative inotropic effect of xylazine on isolated rat myometrium. 

These results are consistent with earlier reports that idazoxan is capable 

of causing uterine smooth muscle relaxation.**°*°"%*%° This offers a likely 

explanation for the downward and leftward shifts in the concentration response 

curve to xylazine we observed. To date, only one study has investigated the 

effect of idazoxan alone on an isolated tissue.*' It should be of course recog- 

nized that the present study did not investigate the concentration response 

curve to idazoxan alone on isolated virgin rat myometrium. 

It is interesting to note that both xylazine and idazoxan share a common 

chemical structure with histamine (B-imidazolylethylamine) in that each of the 

three compounds contain an imidazole ring. It has been shown that histamine 

induces myometrial relaxation in the rat."*° While xylazine does not display 

histiminergic activity at clinical doses, it is conceivable that at high concentra- 

tions (> 1 x 10° M), there is significant binding of xylazine to H,-histamine 

receptors. Likewise, idazoxan has not been reported to bind appreciably to 

receptors other than a, adrenoceptors at concentrations corresponding to 

clinical doses. The concentrations in this study which are associated with a 

negative inotropic myometrial response are several orders of magnitude above 

those acheived in a clinical setting in the intact, live animal. It is possible, 
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therefore, that the synergistic negative inotropism is due to a toxic, histamine- 

like effect associtated the imidazole ring. 

Another possible explanation for the left and downward shifts by 

idazoxan on the concentration response curve to xylazine might also be 

explained by membrane channel blockade, especially of voltage-sensitive 

sodium channels. It is reported that antagonist binding can lead to conforma- 

tional changes in the receptor, not unlike that which occurs with agonist bind- 

ing.” It has also been reported that the «, adrenoceptor antagonist, yohimbine, 

possess significant local anesthetic activity via voltage-sensitive sodium channel 

blockade.” 

It is also possibile that the common action of xylazine and idazoxan is 

through alterations on ionic fluxes which would be accentuated in the presence 

of high concentrations (= 10~* M) of both compounds. Thus, the observed 

cumulative effects of a high concentration (> 10% M) of idazoxan on the effect 

of xylazine on rat myometrium is, therefore, attributed to a blockade of voltage- 

sensitive calcium channels by xylazine, resulting in weaker smooth muscle 

contractions coupled with the blockade of voltage-sensitive sodium channels by 

both compounds. This would account for the dramatic reduction in contractile 

force of the smooth muscle when both compounds are present. The possibility 

of an action by one or both compounds at some unidentified receptor(s) still re- 

mains, however. 
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Itis also of interest to speculate that a, adrenoceptors may not yet be 

present in sufficient numbers, or may be non-functional, in the virgin rat uterus. 

It, therefore, seems reasonable to suggest that the negative inotropic action of 

xylazine on isolated virgin rat uterine muscle is linked to either the local anes- 

thetic action of xylazine or a toxic effect associated with high concentrations of 

imidazoles. The relevance of these observations for the reproductive pharma- 

cology and their relationship to the pathological states are important subjects for 

future investigations. 
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CHAPTER V 

SUMMARY 

From this study, the following conclusions can be made. Xylazine HCl 

produces a dose dependent negative inotropic effect on spontaneous contrac- 

tions of virgin rat myometrium in vitro at concentrations greater than 1 x 10% 

M. Incubation of the tissues in high concentrations of idazoxan (= 1 x 10“ M) 

for five minutes prior to and during xylazine exposure results in a leftward shift 

in the xylazine response curve indicating that idazoxan enhances xylazine’s 

negative inotropic effect. A local anesthetic effect due to sodium channel 

blockade by xylazine and idazoxan most probably accounts for this response. 

However, additional actions by either compound at other membrane sites (ie, 

H,-histamine receptors) cannot be ruled out. 
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CHAPTER VI 

FUTURE INVESTIGATIONS 

Further study is needed to answer the many questions raised by this 

study. Radioligand studies of virgin rat myometrium are necessary to comfirm 

the presence of a, adrenoceptors and to determine the relative concentrations 

of a, to a, adrenoceptors in this tissue. The functionality of a, adrenoceptors 

needs to be assessed following chemical blockade of other receptor types 

present in the myometrium, in particular 8 and a, adrenoceptors. Knowledge of 

the stage of estrus at the time of tissue harvest would allow determination of 

the effect endogenous hormones on the a, adrenoceptor population of the 

virgin rat myometrium. This should be done in the naturally cycling female 

rather than in females treated with exogenous estrogen or progesterone. 

Comparative studies among species, utilizing a standardized procedure, 

would allow us to determine if there truly are species differences in the sensitiv- 

ity to xylazine. Comparing the sensitivity of ruminant, equine, and porcine 

tissues is of particular interest as these species display dramatic clinical 

differences in their sensitivity to xylazine (ruminants >> equine > porcine). 

Studies at the cellular level (CAMP production, ionic fluxes, etc) would shed light 

on the mechanisms by which xylazine and idazoxan express their physiological 

effects. 
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