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ABSTRACT

THE ROLE OF FEATHER MUSCLE RECEPTORS 1IN
INTRAFOLLICULAR PRESSURE AND
FEATHER RELEASE

by Ronald Arthur Peterson

Previous investigations have indicated that nerve
fibers of the autonomic nervous system innervate the feather
muscles. This research was undertaken to study the effects
of the feather muscles on feather release and feather shaft
movement when stimulated by various neuromimetic drugs.

By direct cannulation, the intrafollicular pressure
within an individual feather follicle from the caudal or
femoral feather tracts of S. C. White Leghorn hens was
recorded. The force necessary to pull a feather from its
follicle (feather pulling force) was measured simultaneously.

When the birds were anesthetized, intrafollicular
pressure and feather pulling force decreased. After death,
however, the feather pulling force and intrafollicular pres-
sure did not appear to be related. The feather pulling
force increased until the feathers were considered in a
tightened state (1 to 3.3 minutes after death) and remained
constant thereafter. Intrafollicular pressure fluctuated
from the time of death of the bird until the end of the
experiment 112 minutes later.

After comparing the effects of various neuromimetic
drugs used in the anesthetized bird, it appears that while

both cholinergic receptor stimulating drugs (pilocarpilne,
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carbachol, physostigmine and acetylcholine) and adrenergic
alpha receptor stimulating drugs (norepinephrine, epine-
phrine and ephedrine) caused an increase in intrafollicular
pressure, the cholinergic class of drugs were more pro-
nounced in causing the tightened state to occur within the
feather follicle than were the adrenergic drugs.

Adrenergic beta receptors were also studied using
isoproterenol (beta stimulating) and phenoxybenzamine
(alpha inhibiting, to reduce chances of alpha stimulation).
The data indicated that beta receptors were not an important
factor in regulating intrafollicular pressure, feather
release and feather shaft movement.

Adrenergic alpha stimulating drugs caused the feathers
to be depressed close to the body, while cholinergic drugs
caused the feathers to become erected in the femoral feather
tract. Thus, in the chicken, the feather muscles appear to

have both adrenergic alpha and cholinergic receptors.
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INTRODUCTION

One of the major problems facing the poultry process-
ing industry today is that of obtaining a maximum, top
quality meat product for marketing. With present-day
methods of processing there is a substantial loss in the
quality of the product, in that scalding tends to partially
cook the skin, thus reducing shelf 1life. In many cases,
when the feathers are removed from birds by mechanical
pickers, the skin is torn and bones are broken which in
turn lowers the quality and value of the product.

Although there has been much research in the area of
feather removal, little 1is known about the particular
forces or mechanisms which hold the feather in its follicle.
It would be logical to have a thorough understanding of
these mechanisms before one undertakes to improve present-
day methods of feather removal.

The purpose of the investigations presented in this
thesis was to obtain basic information or insight into the
physiological mechanism(s) which is/are responsible for
holding the feather in its follicle both before and after

death.



REVIEW OF LITERATURE

The Anatomy of the Feather Follicle and the
Muscles which Move the Feather

When reviewing literature, one finds that there 1s
very little information on the anatomy of the feather
follicle and the muscles which move the feather.

Feather muscles apparently were first discovered by
Nitzsch and Burmeister (1840). Only a brief description
was glven. Sauffert (1862) described the muscles in the
skin of the bird as being unstriated and with each feather
follicle having two or four separate muscles. The muscles
were described as beilng connected to the follicle with
elastic tendons. These muscles were observed to course
from the upper part of one follicle to the lower part of a
neighboring follicle.

Helm (1886) also found that there were generally fgur
smooth muscles attached to a single feather follicle,
although in some cases, the number may be as high as six.
He also noted that the size of the muscles varied directly
with the amount of movement and that these muscles were
involved in either feather ruffling or depression.

Langley (1902b) observed that each feather follicle
had two sets of muscles which he designated as erectors and

depressors. He noted that the number of muscles varied to



as high as 16 attachments per follicle. The striated

cutaneous muscles of the neck region were also discounted
as the sole effector in the erection of feathers. 1In a
subsequent and more thorough investigation, Langley (1904)
observed that the feathers were supplied with a complicated
system of smooth muscles, which he divided into three
classifications: (1) erector muscles passing from the neck
of a follicle to the base of a follicle in an anterior
direction from the first, (2) depressor muscles passing
from the neck of one follicle to the base of a follicle in
a posterior direction from the first, (3) retractor muscles
which pass from the neck of one follicle to the neck of
another.

Dreyfuss (1937) reported that the feather follicle
has both erector and depressor smooth muscles. He also
described the nervous and vascular supply to the feather
muscles and follicles. The blood vessels and nerves form
sort of a complex tent which surrounds the lateral and
superficial surfaces of the muscles, with innervation only
occurring at their dermic insertions. Only the collateral
branches of the nerve trunk are motor to the muscles.
Sources of nerves in the follicle wall were described as
such: (1) papilla--receives nerves from the principal
vasculo-nervous axis; (2) middle--is supplied with branches
from the afferent nerves of the feather muscles; (3) top--

is rich in sensory nerves of the skin. The innervation



becomes more dense toward the collar. The permanent

papilla was described as having ganglion cells which
migrate into the growing feather shaft along with sympath-
etic fibers during feather growth.

Lillie (1940), when describing growing feather
follicles, depicted the layer which forms the follicular
wall immediately adjacent to the keratinized epithelium
as being muscular. To the contrary, Ostmann, et al. (1963a)
examined histological sections of the feather follicle
stained with specific differentiating stains and concluded
that the follicular wall is not muscular, but is composed
mainly of connective tissue. This connective tissue was
found to have a high content of elastic fibers. These
workers also indicated that the feather follicles are
supplied with a complex system of smooth muscles which are
attached to the follicular wall by elastic tendons. The
follicle and its immediate area were found to be supplied
with a rich supply of nerves. Some of the nerve endings
within the smooth muscle were demonstrated to be of a
cholinergic nature.

Stettenheim, et al. (1963) indicated that nonstriated
feather muscles in the dermis were principally responsible
for adjusting the posture of the feather. Generally, there
are four pairs of muscle connected to each feather follicle,
although the number of muscles per follicle may vary depen-

dent upon location and feather tract. They observed that



each follicle is usually connected by muscle bands to four

adjacent follicles and in each set of muscles there is an

erector and larger depressor muscle which cross each other.

The Nervous System and Its Relationship
to Feather Movement and Release

Although Sauffert (1862) indicated that the feather
muscles were under involuntary control, Langley (1902a,
1902b, 1904) was the first to make a thorough study of the
innervation of the feather.

Langley (1902a) first noted, after the cervical
spinal cord was severed and the lower end stimulated, that
the contour feathers over the entire body were drawn close
to the body surface. The nerves which were stimulated
leave the spinal cord, enter the ganglia of the lateral
chain and synapse with post ganglionic fibers which then
course to the skin. He observed that, after the cervical
sympathetic was sectioned, the feathers under the influence
of this nerve became ruffled and somewhat erected. When
nicotine was injected intravenously, the contour feathers
over the entire body became depressed. When the cervical
sympathetic was stimulated in nicotine pre-treated birds,
there were some cases in which the feathers became erected
instead of depressed. Upon further examination, Langley
(1902b) discounted the striated cutaneous muscles as a
sole effector in the erection of feathers. He noted,
after spinal cord section and stimulation and also immed-

lately post-mortem, that rhythmic erection and depression
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of groups of feathers occurred randomly over the entire

body. Later, Langley (1904) indicated that the larger
depressor and smaller erector muscles were both supplied
by sympathetic nerves. When the cervical sympathetic was
stimulated, the feathers were generally depressed, but
occasionally erection occurred. Section of either pre-
ganglionic or post ganglionic sympathetic fibers resulted
in erection of the feathers. After treatment with curare
no effects were observed; however, in the same birds,
strychnine was later given and this combination treatment
resulted in irregular rhythmic depression and erection of
the feathers upon spinal cord stimulation. Langley also
found that nicotine stimulates the sympathetic ganglia,
while on the other hand, the preganglionic fibers are not
paralyzed. Atropine, apocodeine and adrenalin were
observed to have little or no effect on movement of the
feather muscles.

Probably the first investigation of feather release was
by King (1920). By brain sectioning and electrical stimu-
lation of various areas of the exposed brain, he concluded
that the brain center involved in the control of feather
release was located in the medulla. Also, this author,
when using the following drugs, chloroform, atropine,
scopolamine, apomorphine, strychnine and amyl nitrite,
found that the feathers were loosened. Drugs such as mor-
phine, eserine, adrenalin, curare, heroin, chloral hydrate,

emetine or camphor, have no effect on feather loosening.



King also found that electrical stimulation of the medulla

caused feather loosening.

To the contrary, Weaver (1936) found, when using
birds killed by brain piercing through the eyesocket and
also by brain dissection in anesthetized birds, that the
feather release center was located at the anterior base of
the cerebellum.

Later, Rose (1939) developed a successful method for
feather release which incorporated an electrical shocking
device. Electrodes were placed on the outer surface of the
head below the earlobes in such a manner as to allow the
electrical current to flow through the forward base of the
cerebellum.

When studying the effect of reserpine (Serpasil) on

adult White Leghorn capons, Sturkie, et al. (1958) noted

that after treatment there was an increase in shedding of
feathers during handling. These authors suggested that a
relaxing effect occurred in the feather follicle.

Sodium pentobarbital, a general anesthetic, was used
by Huston and May (1961) to loosen the feathers of broilers.
They found, after the birds were bled and dry picked in a
mechanical picker, that 90 to 95 percent of the feathers
were removed.

Klose, et al. (1961) found, after birds were treated

with sodium pentobarbital and reserpine, that there was a
marked reduction in feather pulling force. Reserpine had

no appreciable carry-over effect after death. In addition,



Klose, et al. (1962) reported that brain sticking reduced

feather pulling force, but this effect lasted for less
than one minute. These authors found that when birds were
given a minimal dose of sodium pentobarbital feather
pulling force rose rapidly to pre-treatment values after
death, while massive lethal doses prolonged the time post-
mortem that the feather pulling force remained below the
pre-tested level.

Feathers were loosened (Ostmann, et al., 1963b) by
both local and general anesthetics, by tranquilizing drugs
such as chlorpromazine and promazine and by the neuromimetic
blocking drugs atropine and yohimbine. On the other hand,
neuromimetic drugs had no effect in reducing feather
pulling force. In addition, Ostmann, et al. (1964) observed
that all levels of spinal transection significantly reduced
feather pulling force posterior to the level of transection.
Electrical stimulation of the distal part of the severed
spinal cord resulted in a marked increase in feather pulling

force posterior to the level of transection.
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OBJECTIVES

The present investigation was undertaken:
To develop a technique for measuring pressure (intra-
follicular pressure) within a feather follicle.
To measure and compare intrafollicular pressure of
feather follicles in both the loose and tight states.
To compare the effects of several adrenegic and
adrenergic blocking agents on intrafollicular pressure,
feather release and feather shaft movement and to use
the above data to determine if the feather muscles
have adrenergic alpha and/or beta receptors.
To compare the effects of several cholinergic and
cholinergic blocking agents on intrafollicular pressure,
feather release and feather shaft movement and to use
the above data to determine if the feather muscles have

cholinergic receptors.



EXPERIMENTAL PROCEDURE

In developing a technique for the measurement of
intrafollicular pressure (IFP), mature S. C. White Leghorn-
type hens, reared at the Michigan State University poultry
farm, were used. The birds were placed in a prone position
on an operating cradle with the feet secured in a posterior
position. This technique held the birds in such a manner
as to virtually eliminate struggling. The brachial vein in
the right wing was then cannulated (procaine was used as a
local anesthetic by injecting subcutaneously) with an I.D.
0.030 inch x 0.D. 0.048 inch polyethylene cannula attached
to a 6 ml plastic syringe. The above system was subsequently
used to anesthetize the birds with either sodium pento-
barbital or sodium phenobarbital.

A mature feather was randomly selected from either
the femoral or caudal feather tract for studying IFP. All
of the feathers in the area of the selected feather shaft
were cut at the level of the epidermis leaving the selected
feather shaft unobstructed. A plece of fine thread was then
stitched superficially into the epithelium in a purse string
manner around the selected mature feather shaft (Figure 1 and
2). The feather shaft was then pulled and the empty follicle
filled, using a syringe with a blunt 22 gauge needle, with

S.A.E. No. 20 oil or mineral oil. The reason for using oil

10
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in the feather follicle was an attempt to eliminate any
diffusion or seepage of liquid from the follicle through
the epithelium of the feather follicle. In previous
attempts, when using only physiological saline, loss of
fluid through the skin resulted in fallure to record
changes in IFP. A polyethylene cannula (described below),
filled with water, was then inserted into the feather
follicle. The purse string was then drawn tight and tied
Y(Figure 3). The cannula was in turn attached to a Statham
model P23BB venous transducer, thus forming a closed
hydraulic system. An I.D. 0.023 inch x 0.D. 0.038 inch
cannula, with a 22 gauge metal tip inserted into its free
end to prevent occlusion whey tying it into the follicle,
was employed in measuring IFP in the femoral tract, while
an I.D. 0.047 inch x 0.D. 0.067 inch cannula without a
metal tip was used in the retrice feather follicles of the
caudal tract. All recordings were made on a Grass Model 5
polygraph.

After the purse string was tied tightly around the
cannula, approximately 15 to 20 mm Hg of pressure were
applied to the system. The IFP would drop somewhat follow-
ing the application of the initial pressure into the system.
In each case, the initial pressure decreased slightly and
then leveled out over a one minute period to a value that
was considered as the base pressure in the pre-anesthetized
bird. All subsequent pressures were recorded as a percent

of this base. 1In some cases, the head of the bird was
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covered with a paper towel to avoid frightening it since
movement would induce a marked fluctuation in the pressure
of the system.

In preliminary trials, the number four retrice
feather of the caudal feather tract, counting from the end
of the row, was arbitrarily selected for the measurement of
IFP. In subsequent trials, follicles used for pressure
recordings were arbitrarily selected from the distal end of
the femoral feather tract.

Throughout the various phases of the experiment,
feathers were pulled from the dorsal feather tract to deter-
mine whether or not they were in the tightened state. The
force necessary to pull a feather from its follicle (feather
pulling force or FPF) was measured using a spring scale
(Klose, et al., 1961) throughout the trials. Feather pulling
force was compared to IFP changes. Feathers requiring more
than 500 grams of force to be pulled from their follicle
were considered "tight"; those requiring less than 130
grams were considered "loose."

Birds were slowly infused through the brachial vein
with either 3 percent sodium pentobarbital or 10 percent
sodium phenobarbital until the desired plane of anesthesia
was reached. A light plane of anesthesia, as defined by
Fedde, et al. (1963), was used. At this plane of anesthesia
a chicken responds to pinching of the comb, but shows no
response to the pinching of the skin or toes. Due to marked

individual variations in response to anesthesia, it was
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necessary to give the anesthetic "to effect." The amounts
given ranged from 115 to 140 mg/kg for sodium phenobarbital
and 25 to 45 mg/kg for sodium pentobarbital. Since sodium
phenobarbltal appears to have a more lasting effect, sodium
pentobarbital was used only in Experfments 1, 2, 3, 21,
and 22.

Simultaneously with IFP, blood pressure was measured
(exception: preliminary phases) with a Statham Model P23
AC arterial transducer, by direct cannulation, using an
I.D. 0.034 inch x O0.D. 0.050 inch cannula connected to the
same Grass polygraph as for IFP, of the 1schiatic artery i1n
the area of the thigh. The ischlatic artery was exposed by
an incision along the distal edge of the femoral feather
tract (opposite to the tract where IFP was measured) and by

separating the M. biceps Femorls from the M. semlmembraneous

and M. semitendlnosus. Blood pressure was used only as a

criteria to evaluate the effectiveness of the drugs employed.
Since blood vessels contain smooth muscle and also due to
the fact that the feather muscles are of the smooth type,
it was assumed that when the drugs influenced the blood
vessels, that the feather follicles would also be affected.

All drugs were injected intravenously as rapidly as
possible through the opposite uncannulated brachial vein
"to effect," that 1s, until a response was observed elther
in blood pressure and/or IFP. Drugs and average dosages

used were as follows:
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Cholinergic--pllocarpine nitrate 5.6 mg/kg,
carbachol 0.152 mg/kg, acetylcholine chloride
0.466 mg/kg, physostigmine salicylate 0.132 mg/kg.
Cholinergic blocking--atropine sulfate 2.83 mg/kg.
Adrenergic--epinephrine 0.043 mg/kg, norepine-
phrine 0.112 mg/kg, 0.295 mg/kg, and 0.375 mg/kg,
ephedrine 5.3 mg/kg.

Adrenergic beta--isoproterenol hydrochloride

1.02 mg/kg.

Adrenergic alpha blocking--phenoxybenzamine

39.1 mg/kg.

Adrenergic beta blocking--dichloroisoproterenol
6.5 mg/kg.

Ganglionic blocking--hexamethonium chloride

7.3 mg/kg.
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RESULTS

Caudal Feather Tract

Experiment 1.--The effects of anesthesia and death by cer-
vical dislocation on intrafollicular pressure
and feather release.

In Experiment 1, intrafollicular pressure (IFP) was
measured (for details see Experimental Procedure) in the
number four retrice feather follicle of the caudal feather
tract of 11 birds. To avoid movement, the fleshy base of
the external tail was secured to a ring stand with a towel
forceps, which would have caused pressure changes within
the recording system. Following anesthetization by 3 per-
cent sodium pentobarbital, the IFP decreased to 76 percent
of the preanesthetized base value of 100 percent (Figure 4).
The force necessary to pull the feather from its follicle,
known as feather pulling force (FPF), was measured either
in the femoral or dorsal feather tracts, and decreased until
the feathers were considered loose (FPF of less than 130
grams). The FPF decreased more rapidly than the IFP follow-
ing anesthetization. After the birds had been anesthetized
for 1 to 2 minutes, they were killed by cervical dislocation.
This was accomplished by using a bone cutting forceps to
crush several of the cervical vertebra. Thirty seconds (30)
after cervical dislocation IFP decreased to 56 percent,

while the FPF indicated that the feathers were in a loosened
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state. About one minute after cervical dislocation, the
birds went intc mass spasmodic muscle contractions which
lasted from 1 to 2 minutes. During this time, the feather
shafts raised and lowered irregularly over the entire

body. When the spasmodic contractions began, the FPF in-
creased as did the IFP, which rose to 139 percent. Approx-
imately 86 seconds after death, The FPF had increased to
over 500 grams and the feathers were considered tight. The
feathers remained in this tightened state, regardless of
the IFP level, during the rest of the experiment. When the

spasms stopped, IFP had decreased to 54 percent.

Femoral Feather Tract

Experiment 2.--The effects of anesthesia and death by cervical
dislocation on intrafollicular pressure and
feather release.

IFP was measured from feather follicles arbitrarily
selected in the femoral feather tract of 15 birds. FPF was
measured from feathers arbitrarily selected in the opposite
femoral feather tract and compared with IFP throughout the
experiment. Following anesthetization, IFP decreased to 65
percent from the 100 percent pre-anesthetized base pressure
and the FPF decreased until the feathers were loose (Figure
5). As in the previous experiment, the FPF decreased more
rapidly than did the IFP following anesthetization. After
1 to 2 minutes in the anesthetized state the birds were
killed by cervical dislocation. One minute after death, the

IFP had increased to 100 percent, while the feathers remained






BUTSBAJOUT SBM 20UBj3STsad TTnd J3YyjzeaJ ayj USUM 34BOTPUT SMOJJI® 3aY[

“h
*Tearqaeqojuad unipos 4§

Jo scopasao ue £q psyo3edsSIp 9Jd8M UOTYM SPATQ S81BITPUT ————=—— sayseq ¢
*SUTYO2®BeW 8yl JO (33s sem 31 se) Karpoeded Buipaodoada ayj
pucksq pasesaoul sanssagd JEBTNOJTTOIEJIQUT SJ8UM S89BOIPUT + = = + & =+

- ‘UOT1POCTSTP TBOTAJ9O Kq payraedsIp SpPITq S83B2IPUT —— PTITOS 2

[QV]

‘paziisyasaur

8J9M SPJITQ 38yj s5J0J8q sanssaad [oIjuod 400l B UO paseq aJdsm Bieq T

*40BJ3 J8YarBaJ [BJIOWSJ 8yl UT ATTJIRINTQIR pP810s1as Sasyipajg

Ul aJnssaad 9T0T110J J49YyjeaJ JBINOTTITOJBIJUT UO (Susay udoydaT 83TyM D °S
2dN1PW §) BISSUJ3SaUBR JO 3SOPJISAO U® £Q YiBap PUB (Susy udaoysdaT 83TUM D °C
5JN4BW GT) UCT4BOCTSIP 1BOTAJISD AQ YaESp puU® UOTIBZTAAYISsUB JO S493JJ5 aul




sonuI

T~ W~ S 14 € T § yjeaq ‘seuy ‘soue-ald
_JI__ L_ _
T { i o T T T T T 1 jo
ol
\u)..
—~ ) doc
AT\

/ 14814 sieyioey
\

P
'~ \\‘\
~— -

",
S————

.
..
——,,

—08

Bujuesoo| \ —Joo1

sioyioey \
=fotl

*lug "seuDp Jo 104§

-0zl

|941qi0qojued WiNn} pos Yiim ||t} SPIG weue b
UOIIDIO|SIP |DI1AI8I AQ PO||!) SPIIE e 148y sieyoey IAOv—
=10s1

-1091

Juadiad



27

loose. Approximately one minute after cervical dislocation,

the birds went 1nto mass spasmodic muscle contractions

similar to those previously described. IFP increased to

150 percent of the base pressure during this time period.

During the spasms, which continued for 88 seconds after

cervical dislocation, the force necessary to pull the

feathers increased until the feathers were tight (500 grams
or over). The feathers remained tight during the remainder
of the experiment irrespective of the IFP level. IFP de-
creased to 97 percent after the spasms. Small irregular
pressure changes continued for 52 minutes after cervical
dislocation. Although the IFP fell to 28 percent in an
average of 39 minutes after death, the feathers remained
tight. Approximately 120 minutes after death, IFP increased
to 69 percent.

Experiment 3.--The effects of anesthesia and death by sodium
pentobarbital on intrafollicular pressure and
feather release.

In this experiment, the same procedure was used as in
Experiment 2 except that the 5 birds were killed with an
overdose of 3 percent sodium pentobarbital. Death was con-
sidered to occur at the time of respiratory failure. When
the birds were anesthetized to a level at which there was
no response when the comb was pinched, IFP decreased to 69
percent of the 100 percent pre-anesthetized base pressure
(Figure 5). FPF also decreased to a level at which the

feathers were considered to be in the loosened state. After
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the birds were anesthetized for 1 to 2 minutes, they were

killed with an overdose of anesthetic. No mass spasmodic
muscle contractions were observed, while IFP increased to
74 percent The FFF did not increase until 3 minutes after
death The feathers remained tight from this point on
regardless of the IFP. Concurrent with the increase in FPF
were small sporadic pressure changes (similar to those
observed in Experiment 2) which continued for approximately
60 minutes after death IFP decreased to its lowest level
(10 percent) 44 minutes after death with the feathers still
remaining in a tightened state. IFP then increased to 34
percent of the pre-anesthetized base pressure in an average
of 103 minutes after death.

Immediately after the birds (Experiments 1, 2, and 3)
were given a general anesthetic (sodium pentobarbital), IFP
decreased and simultaneously the feathers entered the
locsened state. Following death, the IFP and FPF were ap-
parently not related, since after the FPF had increased to
where the feathers were considered tight, they remained
tight regardless of the IFP level.

The Effects of Cholinergic Drugs and Cholinergic

Blocking Drugs on Intrafollicular Pressure and
Feather Release

The cholinergic drugs and blocking drugs listed in the
experiments below, were used to determine whether or not the
receptors of nervous inrervation on feather muscles are of a
cholinergic nature. The effect of these drugs on IFP and

feather release was studied.
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Experiment 4. --Pilccarpine nitrate (6 birds).

Pilocarpine nitrate, a synthetic drug, produces strong
cholinergic post ganglionic stimulation. This drug also
produces a slight amount of ganglionic stimulation. Pilo-
carpine's main mechanism of action is by direct stimulation
of cholinergic receptors in smooth muscle (Cutting, 1964).
Pilocarpine was used in the following experiment to deter-
mine if the feather muscles have cholinergic receptors and
how stimulaticn of these receptors might affect the feather
release mechanism

After the initial 100 percent base IFP was established,
the birds were anesthetized with 10 percent sodium pheno-
barbital, resulting in a decrease of IFP to a 60 percent
level (Figure 6) FPF also decreased to a level at which
the feathers were considered to be in the loosened state
after anesthetization. Ten (10) seconds after the start of
injection of pilocarpine (5.60 mg/kg), IFP increased to a
120 percent level The IFP indicated that the feathers
entered the tightened state within 23 seconds after the
start of injection and remained as such for the duration of
the experiment. IFP continued to increase until it reached
a peak of 146 percent which occurred in 60 seconds from the
start of injection. At the termination of the experiment,
120 seconds after the initial injection, IFP was 141 percent
of the original base pressure.

When pilocarpine was injected, IFP increased the

feathers originally in the loosened state entered the
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t 1 ghtened state. These data indicate that the feather
muscles have cholinergic receptors and that they influence

IFP and cause feather tightening.

E xperiment 5.--Atropine sulfate (6 birds).

The birds in this experiment were given atropine to
de termine if the cholinergic receptors of feather muscles
could be blocked and what effects this might have on feather
re lease.

Atropine sulfate, a synthetic anticholinergic agent,
P roduces cholinergic inhibition and depresses basal ganglia.
The antropine molecules apparently compete with the cho-
linergic stimulating drugs to attach themselves to only
cholinergic post ganglionic receptors, thus preventing
st imulation of the smooth muscle by blocking the access of
acetylcholine to the muscle receptors (Cutting, 1964).

The IFP level in the untreated bird was considered
as the 100 percent base pressure level (Figure 6). After
the injection of atropine, IFP decreased rapidly during the
first 12 ssconds to a 63 percent level. The feathers entered
the loosened state in 17 seconds and remained in this state
for the duration of the experiment. Sixty (60) seconds
after the initial injection of atropine (2.83 mg/kg), IFP
decreased to 48 percent of the original base pressure.

The injection of atropine into the unanesthetized bird
resulted in a decrease in IFP and loosening of the feathers.

This drug apparently blocked the cholinergic receptors of
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the feather muscles, thus ca<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>