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INTRODUCTION 

A major factor limiting the research of wild animals has been the 

inability to house and maintain in captivity a sufficiently large 

number of animals for experimental purposes. With the advent of safe, 

yet potent tranquilizers, anesthetics, and chemical restraint agents, 

there is now available means to capture, use, and release large numbers 

of free-ranging wild animals for research. The development of the 

capture gun and projectile syringe equipment (Crockford et al. 1957, 

1958; Liscinsky et al. 1969) has been an even greater boost to acquir- 

ing these animals under field conditions. 

The white-tailed deer (Odocoileus virginianus), like many other 

big game animals, is subject to intensive management. However, despite 

widespread interest, much knowledge of physiological parameters is 

incomplete or nonexistent. Extensive research on human blood physio- 

logical characteristics has established the usefulness of such infor- 

mation for diagnostic purposes, and now such techniques may be consid- 

ered for application in wildlife management. Restraint~producing 

drugs may facilitate much of this research and its application. In 

addition, often the rising value and increasing rarity of certain 

species militates against sacrificing members of those species for 

research purposes. Drug-induced restraint techniques will be in- 

valuable in obtaining research data without removing animals and with- 

out the expense of maintaining them in captivity. 

To qualify as an ideal immobilizing drug a chemical must meet most of 

several important requirements (Harthoorn 1965, LeResche and Davis 1971,



Soma 1971:75): 

1) possess a short induction time, 

2) allow a wider tolerance range than the margin of error for 

body weight estimation, 

3) be rapidly reversible at any time, 

4) cause no lasting, undesirable or cumulative side effects, 

5) allow the animal to be easily handled and managed, 

6) volume of the drug mixture must not be excessive so it can 

be easily propelled in one syringe, and 

7) meat should not be damaged for human, predator, or scavenger 

consumption. 

In addition to these characteristics, drugs for physiological 

research should possess one more. Drug-induced restraint should allow 

the collection of experimental data without sacrifice of the animal, 

but it should not interfere with precise measurements of the physio- 

logical parameters. Drugs should not produce physiological changes 

which inhibit the accurate measurement of these parameters. 

Evidence of such physiological changes induced by drugs is avail- 

able. Ether anesthesia has been found to change the concentration of 

testosterone in blood. In anesthetized dogs testosterone levels were 

found to change (Eik-~Nes 1962). Bardin and Peterson (1967) reported 

that testosterone concentration was decreased in testicular venous 

blood of the rat 2 hours after ether anesthesia. Farris et al. (1969) 

found a change in testosterone as early as 2 minutes after ether anes- 

thesia. Perkoff et al. (1969) showed changes in creatine phosphokinase



(CPK) in the blood of dogs due to succinylcholine immobilization. 

Studies on the effects of restraint-facilitating drugs on 

ungulates have been limited and often these factors have been taken 

for granted or neglected. Serious doubt has been raised concerning 

the validity of many early physiological studies by such reports as 

those of Seal et al. (1972a). They examined changes in certain blood 

parameters of the white-tailed deer following different methods of 

restraint. Their results indicated that substantial changes in blood 

parameters may occur in wild animals due to the method of restraint. 

They suggested that knowledge of the effects of restraint on blood 

should be known before proper interpretation of physiological param- 

eters are considered. Other studies have been conducted which examined 

the effects of various methods of blood sampling. These reports indi- 

cate that restraint procedures caused changes in blood values, and 

that these changes should be anticipated when planning research pro- 

jects involving blood sampling. These studies include research on the 

white-tailed deer (Presidente et al. 1973; Wesson and Scanlon 1975), 

bighorn sheep (Ovis canadensis, Franzmann and Thorne 1970; Franzmann 

1971; 1972), sheep (Ovis aries, Turner and Hodgetts 1960), and cattle 

(Bos taurus, Gartner et al. 1969). 

Presently, there is no panacea or “wonder drug" which possesses 

all the desired characteristics or is suitable for all species. Many 

agents are available and all have their place under different circum- 

stances and with different species. A possible new criterion for 

choosing a drug may be whether it induces physiological changes in the



characteristic to be measured. 

It was the purpose of this study to examine and delineate the 

influences of two widely-used drugs, one potentially-useful drug 

and physical restraint on blood characteristics. The drugs which were 

investigated include a frequently-used neuromuscular depolarizing 

agent and skeletal immobilizer, succinylcholine chloride (SCC); an 

oral tranquilizer, RO-5-3448; and a dissociative anesthetic phen- 

cyclidine hydrochloride (Sernylan; PH), used in combination with the 

tranquilizer promazine hydrochloride (P).



LITERATURE REVIEW 
  

In the early 1950's experimentation with remote injection of 

restraint-producing drugs began with the rediscovery of curarae and 

curarae-like compounds. Nicotine and its alkaloids, along with the 

curarae-type drugs were among the first potent immobilizing agents 

used in the field of wildlife management. They were effective, but 

proved to have many undesirable effects for both the human operator 

and the captured animal (Crockford et al. 1957, 1958; Feurt et al. 

1958; Rausch and Ritcey 1961; Green 1963; Thomas and Marburger 1964; 

Behrend 1965; Harthoorn 1965:41; Lumb and Jones 1973:365). Mortality 

often exceeded 50 percent due both to the drug effects and poor 

immobilization techniques. 

The early equipment consisted of a variety of guns for propulsion 

and a "flying syringe" to carry and inject the drugs. The instruments 

were often inefficient and damaging to the animals (Crockford et al. 

1958; Thomas and Marburger 1964). New designs for both tranquilizer 

guns and darts have given a new boost to wild animal immobilization 

techniques (Harthoorn 1965; Eriksen 1968; Harthoorn 1971:406). With 

improvements in equipment, new drugs were much more acceptable. 

Sueccinylcholine Chloride 

Late in the 1950's a neuromuscular depolarizing agent was 

introduced which possessed many desirable characteristics for wild 

animal immobilization. Succinylcholine chloride (Succinylcholine, 

Anectine, Suxamethonium, Sucostrin, Quelicin chloride) is a potent 

immobilizing agent which has a powerful effect on the striated muscles



of the body. There are many advantages for this agent; however, there 

are almost as many disadvantages. The advantages listed by Harthoorn 

(1965:31) and LeResche and Davis (1971) were: 

(1) speed of action--rapid effects aid in the capture of wild 

animals, 

(2) clearly-defined separation between apparent normality and 

paralysis, 

(3) rapid speed of recovery, 

(4) simplicity of use--drug used alone without additional drugs, 

and 

(5) cheap and easy to purchase. 

The general disadvantages they listed were: 

(1) fear and possibly pain as the animal is fully aware of its 

surroundings and feels pain--surgery cannot be performed as 

there is no analgesia, 

(2) painful death by suffocation if overdosed, 

(3) resuscitation often required, 

(4) no antagonist presently available, and 

(5) easy to overdose as the margin for error in weight estimates 

for certain animals is small. 

The mechanism of succinylcholine action has been thoroughly 

researched and reported in a variety of papers (Hall 1960; Pistey and 

Wright 1961; Talbot and Lamprey 1961, Harthoorn 1965:43; Tavernor 

1971:111; Lumb and Jones 1973:350). The site of action is the 

myoneural junction. In mammals, the conduction of an impulse from



neuron to muscle is accomplished at this junction by way of acetyl- 

choline. Upon arrival of a nerve impulse at the motor nerve ending, 

acetylcholine molecules are released. When released, the acetyl- 

choline reacts with a receptor substance on the surface of the motor 

end plate and raises the end plate potential sufficiently to elicit 

a wave of depolarization. The enzyme acetylcholinesterase hydrolizes 

acetylcholine into acetic acid and choline and with this dissociation, 

depolarization of the synapse is maintained, preventing the trans- 

mission of further impulses. 

Acetylcholine, when released at the motor end plate during neuro- 

muscular transmission, produces a temporary depolarization of the 

end plate. In small quantities, acetylcholine produces this stimulat- 

ing action at the junction. However, if excessive quantities of 

acetylcholine are allowed to accumulate and remain at the myoneural 

junction, the excessive acetylcholine will continuously depolarize the 

junction. Therefore, the same substance which stimulates the trans- 

mission of a nerve impulse at low concentrations inhibits the impulses 

at high concentrations. This is the important reason why succinyl- 

choline works. 

Succinylcholine chloride is similar in molecular structure to 

acetylcholine. It is metabolized in the body into succinic acid and 

choline chloride which are two normal body metabolites. Plasma- 

cholinesterase (pseudocholinesterase) is the enzyme which breaks down 

succinylcholine. 

Succinylcholine acts by enzymatic inhibition at the myoneural 

junction. Succinylcholine inhibits the action of acetylcholinesterase



permitting acetylcholine to accumulate at the junction and thus caus- 

ing a continuous depolarization of the motor end plate. Plasma- 

cholinesterase breaks down the succinylcholine allowing acetyl- 

cholinesterase to resume its normal function. On removal of succinyl- 

choline and excess acetylcholine, the conduction of nerve impulses 

is resumed and paralysis terminates. 

Due to the important role of plasmacholinesterase, the level of 

this enzyme in the animal may influence greatly the effect of the 

drug. There are wide individual and interspecific variations in the 

effect of the drug which may be closely related to the level of this 

enzyme. Factors which were considered by Pistey and Wright (1961) 

as possibly influencing the level of plasmacholinesterase were: 

(1) any anti-cholinesterase compound ¢o which the animal may 

have been exposed such as insecticides, 

(2) liver diseases, since the majority of succinylcholine 

metabolism occurs in this organ, 

(3) severe anemia, and 

(4) stress. 

Lumb and Jones (1973:351) added the effects of malnutrition, malig- 

nancies, or infection all of which could lower the level of plasma- 

cholinesterase. Tolerance to succinylcholine was found to vary greatly 

between species (Thomas 1961; Jewell et al. 1965) and these differences 

could be attributed to wide interspecific differences in pseudo- 

cholinesterase. Dosages appear to vary throughout the year and appear 

to be related to either the physiological state of the animal



(LeResche and Davis 1971), or to the nutritional state of the animal 

(Harthoorn 1971:409). 

Wright (1962) and Day (1969) emphasize the importance of after- 

care of wild animals with this drug. Especially in ruminants, artifi- 

cial resuscitation may be required and salivation problems may be 

incurred. Inhalation of rumen contents following regurgitation has 

been noted as a problem. 

Succinylcholine has been used with human subjects, but has been 

mostly discontinued except for use during open heart surgery (Lumb 

and Jones 1973:350). General uncoordinated muscle twitching and 

associated pain during the recovery stage caused the virtual termina- 

tion of its use with humans. Other anatomological effects which have 

been observed include cardiac arrest (Stevenson and Hall 1959) and 

acute myocardial damage in some animals (Lumb and Jones 1973:355). 

Physiological effects reported include an increase in blood pressure 

and pulse (Stevenson and Hall 1959; Lumb and Jones 1973:99). 

Beretervide (1955) found that injection of SCC in normal dosages to 

conscious animals caused a slowing of the heart but no significant 

change in the blood pressure. SCC in large doses, however, caused a 

rise in blood pressure due probably to stimulation of sympathetic 

ganglia and the adrenal glands. SCC had no direct actions on the 

blood vessels or on the heart. Often the increase in blood pressure 

due to SCC may be preceded by a temporary decrease (Hall 1971:409). 

Cowan et al. (1962) used SCC on pen-raised white-tailed deer. They 

noted that deer were not excited by the drug, but that it caused an
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elevation in body temperature, variation in respiration and heart rate, 

and a lowered blood pressure. 

Despite its disadvantages, succinylcholine has proven to be one 

of the most effective and widely used restraint agents. It has been 

used for a variety of wild animals, being most effective with the 

hoofed animals. Many African ungulates have proven to be extremely 

tolerant to succinylcholine (e.g., Uganda Kob, Adenota kob thomasi) 

while others have had a very narrow tolerance (e.g. Wildebeest, 

Connochaetes taurinus, Buechner et al. 1960; Talbot and Lamprey 1961). 
  

In North America it has been found effective for pronghorn antelope 

(Antilocapra americana) by Beale and Smith (1967), moose (Alces alces, 
  

LeResche and Davis 1971), mule deer (Odocoileus hemionus, Pearson et 

al. 1963), black-tailed deer (Odocoileus hemionus columbianus, Cowan 

et al. 1962; Cowan and Johnston 1962; Miller 1968), and white-tailed 

deer (Day 1969; Hawkins et al. 1970). In the American ungulates, a 

mortality rate of 10 percent usually has been experienced (Harthoorn 

1971:408). 

Liquid dosages of succinylcholine appear to range between 0.02 

and 0.11 mg/kg for white-tailed deer, and average 0.06 mg/kg 

(Harthoorn 1971:409). With the advent of a new dart for injecting 

powdered drug, described by Liscinsky et al. (1969), a higher dosage 

level (mg/kg) has been required for white-tailed deer as there appears 

to be incomplete absorption of the drug (Scanlon and Mirarchi 1973; 

Scanlon et al. 1974; Wesson et al. 1974).



ll 

RO-5—3448 

RO-5-3448 (Hoffmann LaRoche, Nutley, N. J.) is a new benzodiazepine 

compound (Lumb and Jones 1973:141) on which there has been no published 

information to date. However, though more potent, it is very simi- 

lar to diazepam (TRANIMUL, Hoffmann LaRoche) which has found wide use 

in wildlife research. Both are tranquilizers which are administered 

orally through feed, water, or capsule. Animals exhibit calmness, 

muscle relaxation, fatigue, drowsiness, and ataxia when administered 

this drug. In humans, diazepam, under the trade name Valium, has been 

used as a tranquilizer to calm emotional disturbances. 

Soma (1971:138) stated that tranquilizers are normally considered 

as psychopharmacologic agents which depress physiological functions, 

decrease motor activity, produce mental calming and increase the 

threshold to environmental stimulation. These agents do not, however, 

produce sleep, analgesia, or anesthesia. Sedation produced by tran- 

quilizers is reversible and this is an important aspect as the animal 

can react in a coordinated manner if an adequate stimulus is given. 

The mode of action of tranquilizers is not clear, but it appears that 

it consists of some combination of reduced activity in the reticular 

formation and the hypothalamus, along with the suppression of the 

sympathetic nervous system. Soma (1971:140) stated that tranquilizers 

can cause reduced blood pressure as well as a compensatory increase 

in heart rate. Randall et al. (1961) found little change in the heart 

rate or blood pressure in the dog. 

Oral drugs have proven to be valuable in certain situations. One 

advantage considered by Thomas et al. (1967) and Murry (1965) was that
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more than one animal can be drugged at the same time. Under certain 

conditions, large numbers of problem deer may be captured using oral 

drugs in feed. By capturing more than one animal, family groups 

could be released together which would tend to increase the success 

of transplants (Day 1971). An additional advantage in physiological 

research may be that dosages can be administered with a minimum of 

disturbance and shock which may accompany the conventional drug 

injection methods be reduced or eliminated. Harthoorn (1971:433) 

found these drugs also useful in modifying fear and anxiety in newly- 

trapped animals. 

Results of research with diazepam to date have been relatively 

successful with white-tailed deer. These experiments have primarily 

used diazepam applied to preferred foods such as corn, apples, or 

commercially prepared deer ration. Murry and Dennett (1963) estimated 

that approximately 200 to 1,100 mg per deer were effective and found 

the taste of diazepam did not appear to be objectionable to deer. 

Murry (1965) had good results in his application, but it was impossible 

to determine the dosages administered. Thomas et al. (1967) reported 

the biggest problem with diazepam was bloating if deer fell on their 

sides and could not get up. They found the effects lasted 12 hours 

to 5 days, and that tranquilization began in 5 to 15 minutes after 

consumption. Of 105 deer which they captured, only 3.7 percent 

mortality was related directly to the drug. Noble (1965), Hawkins 

et al. (1967), Montgomery and Hawkins (1967), and Day (1971) all 

experienced good results when animals were properly prebaited and



13 

then drugged at night and captured. Dosages appeared to be a minimum 

of 1 to 2.5 mg/kg with very little or no chance of overdose as deer 

are self-regulating in regard to ingestion of drugged bait. The greater 

the effect of the drug, the less the deer eat. 

Phencyclidine Hydrochloride 
  

Phencyclidine hydrochloride [Sernyl, Sernylan 1-(1-phencyclo- 

hexyl) piperidine hydrochloride] is a cyclohexanone compound which in 

normal doses produces a state of dissociative anethesia. The compound 

is a white, readily soluble solid which has found its primary use 

with primates and carnivora as an anesthetic. Because of its extreme 

stability, freezing and cooking of meat does not cause break down of 

this compound; therefore, rendering meat, milk, or eggs from Sernylan- 

treated animals unfit for human consumption (Beck 1972:49; Lumb and 

Jones 1973:319). 

Harthoorn (1965:43) discussed various advantages and disadvantages 

of Sernylan. The advantages of Sernylan are: 

(1) rapid absorption resembling succinylcholine, 

(2) rapid induction of narcosis, 

(3) potentiating effect on narcotics and anesthetics, 

(4) retention of a righting reflex at low dosages, and 

(5) wide margin of safety. 

Disadvantages are: 

(1) prolonged recovery stage which may cause damage to animals 

(e.g. bloat in ruminants), 

(2) no antagonist, and
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(3) undersirable side effects on some animals, particularly 

Cervidae, when used alone as an immobilizing agent. 

The principal site of action of Sernylan appears to be on the 

central nervous system. Depending on the dosages administered, it 

can act by either stimulation or depression. Psychic and electro- 

encephalographic effects produced in man have suggested that the 

principal activity is on the frontal parts of the cerebral cortex, 

probably the association area. The reticular formation is least 

affected (Pearson et al. 1968; Lumb and Jones 1973:319). Chen et al. 

(1959) found no alteration of respiration up to the anesthetic dose 

level. No change in circulation was noted; however, blood pressure 

could be slightly elevated. Illett et al. (1966) reported a rise in 

blood pressure with Sernylan in dogs, cats and rats, but he felt that 

this was only a temporary immediate rise which did not last. 

The degree of effect can be regulated by the dosage administered. 

At lower dosages, the righting reflex is not disturbed, but the animal 

appears to lose fear and can be handled. At a medium dose a 

cataleptoid state is produced in which the eyes are open with some 

reflexes such as corneal, palpebral, pedal, pinnial, laryngeal, and 

pharyngeal (Beck 1972; Lumb and Jones 1973:321). During the cataleptic 

state, analgesia is not apparent. Heavier dosages produce surgical 

anesthesia. There is no recall of use once the effects of Sernylan 

are terminated. 

Phencyclidine HCl was used on human subjects initially, but due 

to side effects and hallucenogenic tendencies, its use was abandoned
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�s�y�r�i�n�g�e�.� �T�w�o�h�o�u�r�s�o�r� �l�e�s�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �r�e�c�o�v�e�r�y� �a�n�d� �n�o� �p�r�o�b�l�e�m�s� 

�w�e�r�e� �n�o�t�e�d� �d�u�e� �t�o� �b�l�o�a�t�.� �I�n� �a� �l�a�t�e�r� �e�x�p�e�r�i�m�e�n�t�,� �0�.�5� �m�g� �p�r�o�m�a�z�i�n�e� �w�a�s� 

�s�u�g�g�e�s�t�e�d� �f�o�r� �e�v�e�r�y� �1�.�0� �m�g� �S�e�r�n�y�l�a�n� �(�S�e�a�l� �e�t� �a�l�.� �1�9�7�2�a�)�.� 

�K�a�r�n�s� �(�1�9�7�3�)� �S�u�g�g�e�s�t�e�d� �S�e�r�n�y�l�a�n� �b�e� �u�s�e�d� �i�n� �d�o�s�a�g�e�s� �o�f� �5�0�0� �m�g� 

�p�e�r� �a�d�u�l�t� �b�u�c�k� �p�l�u�s� �3�0�0� �m�g� �p�r�o�m�a�z�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e�.� �F�o�r� �d�o�e�s�,� �h�e� 

�S�u�g�g�e�s�t�e�d� �3�0�0� �m�g� �p�e�r� �a�d�u�l�t� �a�n�d� �2�0�0� �m�g� �p�e�r� �d�o�e� �f�o�r� �p�r�o�m�a�z�i�n�e�.� �H�e� 

�e�x�p�e�r�i�e�n�c�e�d� �g�o�o�d� �r�e�s�u�l�t�s� �w�i�t�h� �t�h�i�s� �s�i�m�p�l�i�f�i�e�d� �d�o�s�a�g�e� �p�r�o�c�e�d�u�r�e�.



�L�T� 

�B�a�s�e�l�i�n�e� �B�l�o�o�d� �V�a�l�u�e�s� �o�f� �D�e�e�r� 

�B�a�s�e�l�i�n�e� �d�a�t�a� �o�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �e�s�s�e�n�t�i�a�l� �i�f� 

�t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �t�o� �b�e� �u�t�i�l�i�z�e�d� �i�n� �t�h�e� �s�t�u�d�y� �a�n�d� �m�a�n�a�g�e�m�e�n�t� 

�o�f� �w�i�l�d� �a�n�i�m�a�l� �p�o�p�u�l�a�t�i�o�n�s�.� �D�u�e� �t�o� �t�h�e� �u�n�a�c�c�e�p�t�a�b�i�l�i�t�y� �o�f� �s�a�c�r�i�f�i�c�i�n�g� 

�a�n�i�m�a�l�s� �f�o�r� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�,� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �i�n�c�r�e�a�s�i�n�g� 

�s�o�p�h�i�s�t�i�c�a�t�i�o�n� �w�i�l�l� �b�e� �p�e�r�f�o�r�m�e�d� �r�o�u�t�i�n�e�l�y� �a�s� �t�h�e� �m�e�t�h�o�d�s� �o�f� �h�a�n�d�l�i�n�g� 

�f�r�e�e�-�l�i�v�i�n�g� �f�a�u�n�a� �i�m�p�r�o�v�e�.� �B�a�s�e�l�i�n�e� �d�a�t�a� �h�a�v�e� �b�e�e�n� �c�o�l�l�e�c�t�e�d� �o�n� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �d�e�e�r� �s�p�e�c�i�e�s� �(�O�d�o�c�o�i�l�e�u�s�)� �f�o�r� �m�o�r�e� 

�t�h�a�n� �2�0� �y�e�a�r�s�,� �a�n�d� �p�r�o�b�a�b�l�y� �a�s� �m�u�c�h� �i�n�f�o�r�m�a�t�i�o�n� �e�x�i�s�t�s� �f�o�r� �t�h�e�s�e� 

�s�p�e�c�i�e�s� �a�s� �a�n�y� �o�t�h�e�r� �w�i�l�d� �s�p�e�c�i�e�s�.� �N�o�n�e�t�h�e�l�e�s�s�,� �s�i�n�c�e� �m�a�n�y� �d�i�f�f�e�r�e�n�t� 

�m�e�t�h�o�d�s� �o�f� �s�a�m�p�l�e� �c�o�l�l�e�c�t�i�o�n� �h�a�v�e� �b�e�e�n� �u�s�e�d�,� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �m�u�c�h� �o�f� 

�t�h�e�s�e� �d�a�t�a� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �c�i�r�c�u�m�s�p�e�c�t�.� �R�e�c�e�n�t� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s� 

�h�a�v�e� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �r�e�s�t�r�a�i�n�i�n�g� �t�e�c�h�n�i�q�u�e�s� �o�n� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �p�a�r�a�m�e�t�e�r�s�,� �a�n�d� �t�h�e�s�e� �i�n�d�i�c�a�t�e� �t�h�a�t� �d�i�f�f�e�r�e�n�t� �t�e�c�h�n�i�q�u�e�s� 

�m�a�y� �p�r�o�d�u�c�e� �d�e�t�e�c�t�a�b�l�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s�.� �I�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� 

�m�a�j�o�r� �a�r�t�i�f�a�c�t�s� �m�a�y� �r�e�s�u�l�t� �f�r�o�m� �t�h�e� �a�n�i�m�a�l�s� �i�m�m�e�d�i�a�t�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�s�t�a�t�e� �w�h�e�n� �t�h�e� �b�l�o�o�d� �i�s� �c�o�l�l�e�c�t�e�d�.� �T�h�e�r�e�f�o�r�e�,� �u�p�o�n� �e�x�a�m�i�n�a�t�i�o�n� �o�f� 

�T�a�b�l�e� �1�,� �w�h�i�c�h� �p�r�e�s�e�n�t�s� �a�v�a�i�l�a�b�l�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �b�l�o�o�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�o�f� �O�d�o�c�o�i�l�e�u�s� �s�p�e�c�i�e�s�,� �o�n�e� �m�u�s�t� �k�e�e�p� �t�h�e� �m�e�t�h�o�d� �o�f� �c�o�l�l�e�c�t�i�o�n� �i�n� �m�i�n�d�.� 

�S�i�n�c�e� �t�h�e� �p�a�c�k�e�d� �c�e�l�l� �v�o�l�u�m�e� �(�P�C�V�)�,� �t�o�t�a�l� �p�r�o�t�e�i�n�,� �b�l�o�o�d� �u�r�e�a� 

�n�i�t�r�o�g�e�n� �(�B�U�N�)�,� �a�n�d� �g�l�u�c�o�s�e� �a�r�e� �t�h�e� �o�n�l�y� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �e�x�a�m�i�n�e�d� �i�n� 

�t�h�i�s� �p�r�o�j�e�c�t�,� �t�h�e�s�e� �v�a�l�u�e�s� �w�i�l�l� �b�e� �g�i�v�e�n� �m�a�j�o�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�n� �t�h�i�s� 

�r�e�v�i�e�w�.� �T�h�i�s� �i�n� �n�o� �w�a�y� �i�m�p�l�i�e�s� �t�h�e�s�e� �v�a�l�u�e�s� �a�r�e� �t�h�e� �o�n�l�y� �o�n�e�s� �r�e�p�o�r�t�e�d� 

�b�y� �o�t�h�e�r� �a�u�t�h�o�r�s�,� �n�o�r� �d�o�e�s� �i�t� �i�m�p�l�y� �t�h�a�t� �t�h�i�s� �a�u�t�h�o�r� �f�e�e�l�s� �t�h�e�s�e� �a�r�e� 

�t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s�.
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�S�o�m�e� �o�f� �t�h�e� �e�a�r�l�i�e�s�t� �b�l�o�o�d� �r�e�s�e�a�r�c�h� �w�i�t�h� �d�e�e�r� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� 

�R�o�s�e�n� �a�n�d� �B�i�s�c�h�o�f�f� �(�1�9�5�2�)� �w�i�t�h� �m�u�l�e� �d�e�e�r� �(�T�a�b�l�e� �1�)�.� �T�h�e� �d�e�e�r� �w�e�r�e� 

�s�h�o�t� �i�n� �t�h�e� �n�e�c�k� �a�n�d� �b�l�o�o�d� �t�h�e�n� �c�o�l�l�e�c�t�e�d�.� �T�h�e�y� �r�e�p�o�r�t�e�d� �a�n� �a�v�e�r�a�g�e� 

�P�C�V� �o�f� �4�4�.�8� �p�e�r�c�e�n�t� �w�i�t�h� �v�a�r�i�a�t�i�o�n� �f�r�o�m� �s�e�a�s�o�n� �t�o� �s�e�a�s�o�n�.� �T�h�e� �a�u�t�h�o�r�s� 

�w�e�r�e� �a�w�a�r�e� �o�f� �p�o�s�s�i�b�l�e� �c�h�a�n�g�e�s� �i�n� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�t� 

�t�i�m�e�s� �b�e�t�w�e�e�n� �s�h�o�o�t�i�n�g� �a�n�d� �d�e�a�t�h�,� �a�n�d� �t�h�e�y� �a�t�t�e�m�p�t�e�d� �t�o� �b�e� �a�s� �c�o�n�s�i�s�t�e�n�t� 

�a�s� �p�o�s�s�i�b�l�e�.� �T�h�e�y� �f�o�u�n�d� �l�a�r�g�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �p�l�a�s�m�a� �v�o�l�u�m�e� �w�h�e�n� �d�e�e�r� 

�w�e�r�e� �w�o�u�n�d�e�d� �a�n�d� �r�a�n� �a�f�t�e�r� �b�e�i�n�g� �s�h�o�t�.� �E�r�y�t�h�r�o�c�y�t�e� �c�o�u�n�t�s� �(�R�B�C�)�,� 

�h�e�m�o�g�l�o�b�i�n� �(�H�b�)� �a�n�d� �P�C�V� �w�e�r�e� �d�e�c�r�e�a�s�e�d� �g�r�e�a�t�l�y�.� �T�h�e�s�e� �f�a�c�t�o�r�s� 

�i�n�d�i�c�a�t�e�d� �p�o�s�s�i�b�l�e� �h�e�m�o�d�i�l�u�t�i�o�n� �o�r� �e�x�p�a�n�s�i�o�n� �o�f� �p�l�a�s�m�a� �v�o�l�u�m�e�.� �A�n�i�m�a�l�s� 

�w�h�i�c�h� �w�e�r�e� �n�o�t� �k�i�l�l�e�d� �q�u�i�c�k�l�y�,� �w�e�r�e� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �s�a�m�p�l�e�.� 

�B�r�o�w�m�a�n� �a�n�d� �S�e�a�r�s� �(�1�9�5�5�)� �r�e�p�o�r�t�e�d� �a� �P�C�V� �o�f� �3�9�.�6� �p�e�r�c�e�n�t� �f�o�r� �s�h�o�t� 

�m�u�l�e� �d�e�e�r�.� �A�l�l� �b�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �w�i�t�h�i�n� �1�5� �m�i�n�u�t�e�s� �o�f� 

�d�e�a�t�h�.� 

�B�l�o�o�d� �w�a�s� �s�a�m�p�l�e�d� �f�r�o�m� �t�h�e� �t�a�r�s�a�l� �v�e�i�n� �d�u�r�i�n�g� �p�h�y�s�i�c�a�l� �r�e�s�t�r�a�i�n�t� 

�o�f� �b�l�a�c�k�-�t�a�i�l�e�d� �d�e�e�r� �(�K�i�t�t�s� �e�t� �a�l�.� �1�9�5�6�;� �B�a�n�d�y� �e�t� �a�l�.� �1�9�5�7�)�.� �T�h�e�y� 

�r�e�p�o�r�t�e�d� �a� �m�e�a�n� �P�C�V� �o�f� �5�8�.�2� �p�e�r�c�e�n�t�,� �a�n�d� �r�a�n�g�e�s� �o�f� �6�.�0�8� �t�o� �7�.�1�6� �g�/�1�0�0� �m�l� 

�o�f� �p�l�a�s�m�a�,� �a�n�d� �2�5� �t�o� �5�4� �m�g�/�1�0�0� �m�l� �o�f� �p�l�a�s�m�a� �f�o�r� �t�o�t�a�l� �p�l�a�s�m�a� �p�r�o�t�e�i�n� 

�a�n�d� �b�l�o�o�d� �g�l�u�c�o�s�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�y� �r�e�p�o�r�t�e�d� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� 

�d�u�e� �t�o� �a�g�e� �i�n� �s�o�m�e� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s�,� �b�u�t� �d�i�d� �n�o�t� �n�o�t�e� �a�n�y� �d�i�f�f�e�r�e�n�c�e� 

�d�u�e� �t�o� �t�h�e� �r�e�s�t�r�a�i�n�t� �t�e�c�h�n�i�q�u�e�s�.� 

�T�e�e�r�i� �e�t� �a�l�.� �(�1�9�5�8�)� �b�l�e�d� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �w�h�i�l�e� �m�a�n�u�a�l�l�y� 

�r�e�s�t�r�a�i�n�e�d�,� �a�n�d� �r�e�p�o�r�t�e�d� �v�a�l�u�e�s� �o�f� �2�3� �t�o� �3�4� �m�g�/�1�0�0� �m�l�,� �a�n�d� �4�3� �t�o� 

�8�6� �m�g�/�1�0�0� �m�l� �f�o�r� �B�U�N� �a�n�d� �g�l�u�c�o�s�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �d�e�e�r� 

�r�e�s�t�r�a�i�n�e�d� �b�y� �f�o�r�c�e� �m�a�y� �h�a�v�e� �c�h�a�n�g�e�s� �i�n� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �d�u�e� �t�o� 

�h�a�n�d�l�i�n�g�.� �P�C�V� �r�a�n�g�e�d� �f�r�o�m� �2�5�.�1� �t�o� �5�0�.�5� �p�e�r�c�e�n�t� �i�n� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r



�2�3� 

�w�h�i�l�e� �u�n�d�e�r� �s�e�d�a�t�i�o�n� �w�i�t�h� �c�h�l�o�r�a�l� �h�y�d�r�a�t�e� �(�G�o�o�d� �e�t� �a�l�.� �1�9�6�1�)�.� �A� 

�P�C�V� �r�a�n�g�e� �o�f� �5�5� �t�o� �6�1� �p�e�r�c�e�n�t� �i�n� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� 

�K�i�t�c�h�e�n� �a�n�d� �P�r�i�t�c�h�a�r�d� �(�1�9�6�2�)�.� 

�A� �s�e�r�i�e�s� �o�f� �e�x�p�e�r�i�m�e�n�t�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� �U�l�l�r�e�y� �e�t� �a�l�.� �(�1�9�6�4�;� 

�1�9�6�7�;� �1�9�6�8�)� �t�o� �e�x�a�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �n�u�t�r�i�t�i�v�e� �r�e�g�i�m�e�n�s� �o�n� 

�t�h�e� �b�l�o�o�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r�.� �I�n� �a�l�l� �c�a�s�e�s�,� 

�p�r�e�g�n�a�n�t� �f�e�m�a�l�e� �d�e�e�r� �w�e�r�e� �b�l�e�d� �d�u�r�i�n�g� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t�.� �D�i�s�r�e�g�a�r�d�i�n�g� 

�t�h�e� �p�o�s�s�i�b�l�e� �n�u�t�r�i�t�i�v�e� �t�r�e�a�t�m�e�n�t� �e�f�f�e�c�t�,� �t�h�e� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �r�e�p�o�r�t�e�d� 

�f�o�r� �P�C�V�,� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�,� �B�U�N�,� �a�n�d� �g�l�u�c�o�s�e� �w�e�r�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� 

�5�1� �t�o� �6�0� �p�e�r�c�e�n�t�,� �6�.�4� �t�o� �1�0�.�5� �g�/�1�0�0� �m�l�,� �6�.�0� �t�o� �2�5�.�6� �m�g�/�1�0�0� �m�l�,� �a�n�d� 

�3�4� �t�o� �1�2�6� �m�g�/�1�0�0� �m�l� �(�T�a�b�l�e� �1�)�.� �T�h�e�r�e� �w�a�s� �n�o� �m�e�n�t�i�o�n� �o�f� �p�o�s�s�i�b�l�e� 

�h�a�n�d�l�i�n�g� �e�f�f�e�c�t�s� �o�n� �t�h�e�s�e� �b�l�o�o�d� �c�o�n�s�t�i�t�u�e�n�t�s�.� 

�U�s�i�n�g� �c�a�r�g�o� �n�e�t�s�,� �J�o�h�n�s�o�n� �e�t� �a�l�.� �(�1�9�6�8�)� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �w�h�i�t�e�-� 

�t�a�i�l�e�d� �d�e�e�r�.� �P�a�c�k�e�d� �c�e�l�l� �v�o�l�u�m�e�s� �a�v�e�r�a�g�e�d� �5�6�.�3� �p�e�r�c�e�n�t� �f�o�r� �d�e�e�r� �f�r�o�m� 

�7� �m�o�n�t�h�s� �t�o� �5� �y�e�a�r�s� �o�l�d�.� �T�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n� �a�v�e�r�a�g�e�d� �8�.�1� �g�/�1�0�0� �m�1� 

�a�n�d� �g�l�u�c�o�s�e� �a�v�e�r�a�g�e�d� �8�1�.�9� �m�g�/�1�0�0� �m�l� �f�o�r� �t�h�e�s�e� �s�a�m�e� �d�e�e�r�.� �T�h�e� �e�f�f�e�c�t� 

�o�f� �h�a�n�d�l�i�n�g� �o�n� �t�h�e�s�e� �v�a�l�u�e�s� �w�a�s� �n�o�t� �d�i�s�c�u�s�s�e�d�.� �W�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� 

�w�e�r�e� �b�l�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �y�e�a�r� �u�s�i�n�g� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t� �(�M�a�t�t�h�e�w�s� 

�1�9�6�8�:�3�0�)�.� �H�e� �r�e�p�o�r�t�e�d� �m�e�a�n� �P�C�V� �v�a�l�u�e�s� �o�f� �5�9�.�5�,� �a�n�d� �5�6�.�3� �p�e�r�c�e�n�t�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �f�o�r� �d�o�e�s� �a�n�d� �b�u�c�k�s�.� �A�n� �a�v�e�r�a�g�e� �v�a�l�u�e� �f�o�r� �t�o�t�a�l� �p�l�a�s�m�a� 

�p�r�o�t�e�i�n� �w�a�s� �1�0�.�6� �g�/�1�0�0� �m�l�.� �H�e� �s�t�a�t�e�d� �(�1�9�6�8�:�3�7�)� �t�h�e�r�e� �w�a�s� �n�o� �t�i�m�e� �w�h�e�n� 

�a� �b�l�o�o�d� �s�a�m�p�l�e� �w�a�s� �c�o�l�l�e�c�t�e�d� �t�h�a�t� �d�e�e�r� �d�i�d� �n�o�t� �s�h�o�w� �e�x�c�i�t�e�m�e�n�t�,� 

�i�n�c�r�e�a�s�e�d� �a�c�t�i�v�i�t�y�,� �o�r� �s�t�r�u�g�g�l�i�n�g�.� �H�e� �c�o�n�s�i�d�e�r�e�d� �t�h�e�s�e� �"�s�t�r�e�s�s�e�s�"� 

�a�s� �c�e�r�t�a�i�n�l�y� �h�a�v�i�n�g� �a�n� �e�f�f�e�c�t� �o�n� �t�h�o�s�e� �p�a�r�a�m�e�t�e�r�s� �m�e�a�s�u�r�e�d�.� 

�D�o�m�m�e�r�t� �e�t� �a�l�.� �(�1�9�6�8�)� �a�n�d� �T�u�m�b�l�e�s�o�n� �e�t� �a�l�.� �(�1�9�6�8�a�;� �1�9�6�8�b�)� �m�a�n�-



�2�h� 

�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �i�n� �M�i�s�s�o�u�r�i�.� �T�h�e�y� �e�x�a�m�i�n�e�d� �P�C�V�,� 

�s�e�r�u�m� �p�r�o�t�e�i�n�,� �B�U�N�,� �a�n�d� �b�l�o�o�d� �g�l�u�c�o�s�e� �i�n� �v�a�r�i�o�u�s� �s�a�m�p�l�e�s� �o�f� �d�e�e�r� 

�(�T�a�b�l�e� �1�)�.� �T�h�e� �p�o�s�s�i�b�l�e� �e�f�f�e�c�t� �o�f� �h�a�n�d�l�i�n�g� �w�a�s� �n�o�t� �r�e�p�o�r�t�e�d�.� 

�S�e�a�l� �a�n�d� �E�r�i�c�k�s�o�n� �(�1�9�6�9�b�)� �e�x�a�m�i�n�e�d� �t�h�e� �h�e�m�a�t�o�l�o�g�y� �o�f� �s�h�o�t� �w�h�i�t�e�-� 

�t�a�i�l�e�d� �d�e�e�r�.� �A�l�l� �d�e�e�r� �w�e�r�e� �s�a�m�p�l�e�d� �b�e�t�w�e�e�n� �5� �a�n�d� �2�0� �m�i�n�u�t�e�s� �a�f�t�e�r� 

�t�h�e� �a�n�i�m�a�l� �h�a�d� �b�e�e�n� �s�h�o�t�.� �P�a�c�k�e�d� �c�e�l�l� �v�o�l�u�m�e�,� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�,� 

�B�U�N�,� �a�n�d� �b�l�o�o�d� �g�l�u�c�o�s�e� �v�a�l�u�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �(�T�a�b�l�e� �1�)�.� �T�h�e� �b�l�o�o�d�-� 

�g�l�u�c�o�s�e� �v�a�l�u�e�s� �t�h�e�y� �r�e�c�o�r�d�e�d� �w�e�r�e� �h�i�g�h�e�r� �t�h�a�n� �t�h�o�s�e� �w�h�i�c�h� �h�a�d� �b�e�e�n� 

�r�e�p�o�r�t�e�d� �i�n� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s�.� �T�h�e� �a�u�t�h�o�r�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e�s�e� �h�i�g�h� 

�v�a�l�u�e�s� �m�i�g�h�t� �h�a�v�e� �r�e�f�l�e�c�t�e�d� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �d�e�e�r� �t�o� �s�e�v�e�r�e� �a�c�u�t�e� 

�"�s�t�r�e�s�s�"�,� �T�h�e�y� �d�i�d� �n�o�t� �a�t�t�e�m�p�t� �t�o� �e�x�p�l�a�i�n� �w�h�y� �t�h�e� �a�d�u�l�t� �m�a�l�e�s� �h�a�d� 

�l�o�w�e�r� �g�l�u�c�o�s�e� �v�a�l�u�e�s� �t�h�a�n� �a�l�l� �o�t�h�e�r� �g�r�o�u�p�s�.� 

�W�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �w�e�r�e� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �b�y� �W�a�l�t�o�n� �(�1�9�7�1�)�.� 

�H�e� �r�e�p�o�r�t�e�d� �a� �m�e�a�n� �P�C�V� �v�a�l�u�e� �o�f� �5�4�.�7� �p�e�r�c�e�n�t� �a�n�d� �a� �m�e�a�n� �t�o�t�a�l� �p�l�a�s�m�a� 

�p�r�o�t�e�i�n� �v�a�l�u�e� �o�f� �8�.�2�g�/�1�0�0� �m�l�.� �W�a�l�t�o�n� �(�1�9�7�1�:�4�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� 

�s�t�a�t�e� �o�f� �e�x�c�i�t�e�m�e�n�t� �s�h�o�u�l�d� �b�e� �e�x�a�m�i�n�e�d� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �h�e�m�a�t�o�l�o�g�y� 

�o�f� �t�h�e� �d�e�e�r�.� �H�e� �a�l�s�o� �r�e�p�o�r�t�e�d� �a� �m�e�a�n� �P�C�V� �v�a�l�u�e� �o�f� �4�g�.�5� �p�e�r�c�e�n�t� �a�n�d� 

�m�e�a�n� �p�l�a�s�m�a� �p�r�o�t�e�i�n� �v�a�l�u�e� �o�f� �7�.�5�g�/�1�0�0� �m�l� �f�o�r� �a� �s�a�m�p�l�e� �o�f� �s�h�o�t� �d�e�e�r�.� 

�I�t� �w�a�s� �h�i�s� �o�b�s�e�r�v�a�t�i�o�n� �t�h�a�t� �s�a�m�p�l�e�s� �c�o�l�l�e�c�t�e�d� �b�y� �s�h�o�o�t�i�n�g� �g�e�n�e�r�a�l�l�y� 

�h�a�d� �l�o�w�e�r� �e�r�y�t�h�r�o�c�y�t�e� �v�a�l�u�e�s� �t�h�a�n� �t�h�o�s�e� �v�a�l�u�e�s� �c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �m�a�n�-� 

�u�a�l� �r�e�s�t�r�a�i�n�t�.� 

�A�n�d�e�r�s�o�n� �e�t� �a�l�.� �(�1�9�7�0�)� �c�o�l�l�e�c�t�e�d� �b�l�o�o�d� �f�r�o�m� �m�u�l�e� �d�e�e�r� �w�h�i�c�h� �w�e�r�e� 

�s�h�o�t� �i�n� �t�h�e� �s�p�i�n�e� �w�i�t�h� �a� �h�i�g�h�-�p�o�w�e�r�e�d� �r�i�f�l�e�.� �T�h�e�y� �r�e�p�o�r�t�e�d� �a� �m�e�a�n� 

�P�C�V� �o�f� �4�6�.�7� �p�e�r�c�e�n�t� �a�n�d� �d�e�t�e�r�m�i�n�e�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�P�C�V� �b�e�t�w�e�e�n� �y�e�a�r�,� �a�g�e�,� �s�e�x� �o�r� �s�e�a�s�o�n�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e�y� �d�e�t�e�c�t�e�d
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�n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �P�C�V� �v�a�l�u�e�s� �d�u�e� �t�o� �t�h�e� �t�i�m�e� �f�r�o�m� 

�s�h�o�o�t�i�n�g� �t�o� �b�l�o�o�d� �s�a�m�p�l�i�n�g�,� �n�o�r� �t�h�e� �p�r�e�s�h�o�o�t�i�n�g� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� 

�a�n�i�m�a�l�.� �I�n� �a� �l�a�t�e�r� �r�e�p�o�r�t� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.� �1�9�7�2�)�,� �t�h�e�y� �e�x�a�m�i�n�e�d� 

�t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �o�f� �t�h�e� �s�a�m�e� �m�u�l�e� �d�e�e�r� �(�T�a�b�l�e� �1�)�.� 

�K�a�r�n�s� �(�1�9�7�3�)� �m�a�d�e� �a� �c�o�n�s�c�i�o�u�s� �e�f�f�o�r�t� �t�o� �u�s�e� �t�h�e� �b�e�s�t� �m�e�t�h�o�d� �o�f� 

�a�c�q�u�i�r�i�n�g� �a�c�c�u�r�a�t�e� �b�l�o�o�d� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �t�h�e� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r�.� 

�K�n�o�w�i�n�g� �t�h�a�t� �s�o�m�e� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �c�o�u�l�d� �b�e� �c�h�a�n�g�e�d�,� �h�e� �c�o�n�s�i�d�e�r�e�d� 

�t�h�e� �r�e�p�o�r�t� �b�y� �S�e�a�l� �e�t� �a�l�.� �(�1�9�7�2�a�)� �a�n�d� �a�t�t�e�m�p�t�e�d� �t�o� �b�e� �a�s� �c�o�n�s�i�s�t�e�n�t� 

�a�s� �p�o�s�s�i�b�l�e�.� �U�s�i�n�g� �S�e�r�n�y�l�a�n� �a�n�d� �p�r�o�m�a�z�i�n�e� �t�o� �i�m�m�o�b�i�l�i�z�e� �d�e�e�r�,� �h�e� 

�r�e�p�o�r�t�e�d� �P�C�V� �v�a�l�u�e�s� �o�f� �3�5�.�9� �p�e�r�c�e�n�t� �i�n� �a�d�u�l�t� �m�a�l�e�s� �a�n�d� �3�2�.�2� �p�e�r�c�e�n�t� 

�i�n� �a�d�u�l�t� �f�e�m�a�l�e�s�.� �H�e� �f�e�l�t� �t�h�a�t� �u�s�i�n�g� �t�h�i�s� �d�r�u�g�,� �w�i�t�h� �i�t�s� �k�n�o�w�n� 

�e�f�f�e�c�t�s�,� �w�o�u�l�d� �b�e� �m�o�r�e� �p�r�e�c�i�s�e� �t�h�a�n� �c�o�l�l�e�c�t�i�n�g� �b�l�o�o�d� �f�r�o�m� �m�a�n�u�a�l�l�y� 

�r�e�s�t�r�a�i�n�e�d� �d�e�e�r�.� 

�V�a�l�u�e�s� �f�o�r� �P�C�V� �a�n�d� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� �O�l�i�v�e�r� 

�(�1�9�7�3�)� �f�o�r� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r�.� �H�e� �w�a�s� �p�r�i�m�a�r�i�l�y� 

�c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �e�f�f�e�c�t�s� �o�f� �v�a�r�i�o�u�s� �p�e�s�t�i�c�i�d�e�s� �o�n� �t�h�e�s�e� �b�l�o�o�d� �v�a�l�u�e�s�.� 

�A� �m�e�a�n� �P�C�V� �o�f� �4�2�.�5� �p�e�r�c�e�n�t� �a�n�d� �m�e�a�n� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n� �o�f� �6�.�2�6�g�/�1�0�0� �m�1� 

�w�a�s� �f�o�u�n�d�.� �T�h�e� �m�e�a�n� �P�C�V� �a�p�p�e�a�r�s� �l�o�w� �f�o�r� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r�,� 

�a�n�d� �w�a�s� �t�h�e� �r�e�s�u�l�t� �o�f� �s�o�m�e� �e�x�t�r�e�m�e�l�y� �l�o�w� �v�a�l�u�e�s� �f�o�r� �f�e�m�a�l�e� �d�e�e�r� 

�(�3�0� �t�o� �4�0� �p�e�r�c�e�n�t�)�.� �M�a�l�e� �P�C�V� �v�a�l�u�e�s� �w�e�r�e� �h�i�g�h�e�r� �(�5�0� �t�o� �6�0� �p�e�r�c�e�n�t�)�,� 

�b�u�t� �t�h�e� �s�a�m�p�l�e� �s�i�z�e� �w�a�s� �s�m�a�l�l�.� �N�o� �e�x�p�l�a�n�a�t�i�o�n� �w�a�s� �g�i�v�e�n� �f�o�r� �t�h�e� 

�l�a�r�g�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �P�C�V� �b�e�t�w�e�e�n� �s�e�x�e�s�.� �O�l�i�v�e�r� �a�l�s�o� �s�h�o�t� �d�e�e�r� �w�i�t�h� 

�a� �h�i�g�h�-�p�o�w�e�r�e�d� �r�i�f�l�e�.� �T�h�e� �a�v�e�r�a�g�e� �P�C�V� �f�o�r� �t�h�e�s�e� �a�n�i�m�a�l�s� �w�a�s� �3�2� �p�e�r�-� 

�c�e�n�t�.� �H�e� �s�u�g�g�e�s�t�e�d� �(�1�9�7�3�:�4�3�)� �t�h�a�t� �t�h�e� �s�h�o�t� �a�n�i�m�a�l�s� �m�a�y� �h�a�v�e� �b�e�e�n� 

�r�e�l�a�t�i�v�e�l�y� �u�n�d�i�s�t�u�r�b�e�d�,� �t�h�e�r�e�b�y� �r�e�s�u�l�t�i�n�g� �i�n� �a� �l�o�w�e�r� �P�C�V�.� �T�h�e� �m�a�n�-
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�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r� �w�e�r�e� �s�u�g�g�e�s�t�e�d� �t�o� �b�e� �e�x�h�i�b�i�t�i�n�g� �P�C�V� �v�a�l�u�e�s� 

�w�h�i�c�h� �r�e�p�r�e�s�e�n�t�e�d� �a�n� �a�v�e�r�a�g�e� �f�o�r� �"�e�x�c�i�t�e�d�"� �d�e�e�r�.� 

�S�k�e�e�n� �(�1�9�7�4�)� �e�x�a�m�i�n�e�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �c�e�r�t�a�i�n� �b�l�o�o�d� �v�a�r�i�a�b�l�e�s� 

�t�o� �t�h�e� �n�u�t�r�i�t�i�o�n�a�l� �s�t�a�t�u�s� �o�f� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r�.� �H�e� �r�e�p�o�r�t�e�d� �s�e�a�s�o�n�a�l� 

�m�e�a�n�s� �f�o�r� �B�U�N�,� �g�l�u�c�o�s�e�,� �a�n�d� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �(�T�a�b�l�e� �1�)�.� �G�l�u�c�o�s�e� 

�d�i�d� �n�o�t� �a�p�p�e�a�r� �t�o� �c�h�a�n�g�e� �s�e�a�s�o�n�a�l�l�y� �i�n� �w�i�l�d� �d�e�e�r� �s�a�m�p�l�e�s�,� �a�n�d� �w�a�s� 

�r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �l�i�t�e�r�a�t�u�r�e�.� �T�h�e� �d�e�e�r� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �w�i�t�h� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e� �c�h�l�o�r�i�d�e� �(�S�C�C�)� �g�i�v�e�n� �i�n� �l�e�t�h�a�l� �d�o�s�e�s�,� 

�a�n�d� �b�l�o�o�d� �w�a�s� �t�a�k�e�n� �w�i�t�h�i�n� �o�n�e� �h�o�u�r� �a�f�t�e�r� �d�e�a�t�h�.� �H�e� �a�l�s�o� �h�a�d� 

�s�a�m�p�l�e�s� �f�r�o�m� �c�a�p�t�i�v�e� �d�e�e�r� �b�l�e�d� �d�u�r�i�n�g� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t�,� �i�n� �w�h�i�c�h� �t�h�e� 

�g�l�u�c�o�s�e� �w�a�s� �m�u�c�h� �l�o�w�e�r� �(�T�a�b�l�e� �1�)�.� �S�k�e�e�n� �(�1�9�7�4�:�3�8�)� �d�i�d� �n�o�t�e� �t�h�a�t� �t�h�e� 

�g�l�u�c�o�s�e� �m�a�y� �h�a�v�e� �b�e�e�n� �e�l�e�v�a�t�e�d� �b�y� �"�s�t�r�e�s�s�"� �r�a�t�h�e�r� �t�h�a�n� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �h�a�b�i�t�a�t� �q�u�a�l�i�t�y�.� 

�W�h�i�t�e� �a�n�d� �C�o�o�k� �(�1�9�7�4�)� �c�o�l�l�e�c�t�e�d� �b�l�o�o�d� �f�r�o�m� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �i�n� 

�s�o�u�t�h�e�r�n� �T�e�x�a�s�.� �T�h�e�s�e� �a�n�i�m�a�l�s� �w�e�r�e� �s�h�o�t� �i�n� �t�h�e� �n�e�c�k� �w�i�t�h� �a� �r�i�f�l�e�,� 

�a�n�d� �b�l�o�o�d� �w�a�s� �c�o�l�l�e�c�t�e�d� �w�i�t�h�i�n� �5� �m�i�n�u�t�e�s� �v�i�a� �h�e�a�r�t ��p�u�n�c�t�u�r�e�.� �P�C�V�,� 

�B�U�N�,� �a�n�d� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �(�T�a�b�l�e� �1�)�.� �T�h�o�s�e� 

�i�n�v�e�s�t�i�g�a�t�o�r�s� �w�e�r�e� �a�w�a�r�e� �t�h�a�t� �h�a�n�d�l�i�n�g� �a�n�d� �t�r�e�a�t�m�e�n�t� �c�o�u�l�d� �a�f�f�e�c�t� �b�l�o�o�d� 

�v�a�l�u�e�s� �a�n�d� �c�o�u�l�d� �c�a�u�s�e� �d�e�v�i�a�t�i�o�n�s� �f�r�o�m� �n�o�r�m�a�l� �v�a�l�u�e�s�.� �T�h�e�y� �w�e�r�e� 

�p�a�r�t�i�c�u�l�a�r�l�y� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �c�h�a�n�g�e�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a�n�i�m�a�l�s� �s�h�o�t� �w�h�i�c�h� 

�d�i�d� �n�o�t� �d�i�e� �i�n�s�t�a�n�t�l�y�.� 

�W�h�e�n� �e�x�a�m�i�n�i�n�g� �t�h�o�s�e� �p�a�p�e�r�s� �(�T�a�b�l�e� �1�)� �r�e�p�o�r�t�i�n�g� �b�a�s�e�l�i�n�e� �b�l�o�o�d� 

�c�o�n�s�t�i�t�u�e�n�t�s�,� �i�t� �m�u�s�t� �b�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �m�e�t�h�o�d� �o�f� �r�e�s�t�r�a�i�n�t� �m�a�y� 

�h�a�v�e� �i�n�t�e�r�f�e�r�e�d� �w�i�t�h� �t�h�e� �a�c�c�u�r�a�t�e� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e�s�e� �p�a�r�a�m�e�t�e�r�s�.� 

�I�t� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �b�l�o�o�d� �c�o�m�p�o�s�i�t�i�o�n� �b�e� �u�s�e�d� �a�s� �a�n� �i�n�d�i�c�a�t�o�r
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�f�o�r� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �h�e�a�l�t�h� �a�n�d� �w�e�l�l� �b�e�i�n�g� �o�f� �m�a�m�m�a�l�s�.� �Y�e�t�,� �t�h�e� �r�e�-� 

�p�o�r�t�e�d� �d�a�t�a� �i�s� �s�o� �v�a�r�i�a�b�l�e� �t�h�a�t� �i�t� �w�o�u�l�d� �b�e� �i�m�p�o�s�s�i�b�l�e� �t�o� �d�i�f�f�e�r�e�n�-� 

�t�i�a�t�e� �c�l�e�a�r�l�y� �b�e�t�w�e�e�n� �m�o�s�t� �c�h�a�n�g�e�s� �i�n� �h�e�a�l�t�h� �a�n�d� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e�s�e� 

�s�p�e�c�i�e�s�.� �H�a�e�m�a�t�o�l�o�g�y� �d�a�t�a� �o�f� �w�i�l�d� �g�a�m�e� �s�p�e�c�i�e�s� �a�s� �g�i�v�e�n� �i�n� �r�e�p�o�r�t�s� 

�t�o� �d�a�t�e� �a�p�p�e�a�r� �t�o� �b�e� �o�f� �l�i�m�i�t�e�d� �v�a�l�u�e�,� �p�r�o�b�a�b�l�y� �d�u�e� �m�o�s�t�l�y� �t�o� �t�h�e� 

�l�a�c�k� �o�f� �s�t�a�n�d�a�r�d�i�z�e�d� �b�l�o�o�d� �c�o�l�l�e�c�t�i�n�g� �m�e�t�h�o�d�s�.� �E�v�e�n� �a� �c�u�r�s�o�r�y� 

�e�x�a�m�i�n�a�t�i�o�n� �o�f� �T�a�b�l�e� �1� �w�i�l�l� �s�u�g�g�e�s�t� �p�o�s�s�i�b�l�e� �d�e�v�i�a�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� 

�m�e�t�h�o�d� �o�f� �r�e�s�t�r�a�i�n�t�.� �T�h�e� �P�C�V� �v�a�l�u�e�s� �v�a�r�y� �g�r�e�a�t�l�y�.� �D�i�s�r�e�g�a�r�d�i�n�g� 

�d�i�f�f�e�r�e�n�c�e�s� �w�h�i�c�h� �m�a�y� �b�e� �d�u�e� �t�o� �g�e�n�e�t�i�c�s�,� �s�e�a�s�o�n�,� �g�e�o�g�r�a�p�h�i�c� �d�i�s�t�r�i�-� 

�b�u�t�i�o�n�,� �o�r� �s�o�m�e� �o�t�h�e�r� �s�o�u�r�c�e�,� �n�e�a�r�l�y� �a�l�l� �P�C�V� �v�a�l�u�e�s� �r�e�p�o�r�t�e�d� �f�o�r� 

�m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �t�h�a�n� �t�h�o�s�e� �f�o�r� 

�e�i�t�h�e�r� �s�h�o�t� �o�r� �d�r�u�g�g�e�d� �a�n�i�m�a�l�s�.� �T�h�e�r�e� �m�a�y� �b�e� �f�u�r�t�h�e�r� �s�u�b�t�l�e� �d�i�f�f�e�r�-� 

�e�n�c�e�s� �b�e�t�w�e�e�n� �d�r�u�g�g�e�d� �a�n�d� �s�h�o�t� �a�n�i�m�a�l�s�.� �T�o�t�a�l� �p�r�o�t�e�i�n�s� �a�p�p�e�a�r� �t�o� 

�a�l�s�o� �v�a�r�y� �g�r�e�a�t�l�y�.� �B�U�N� �v�a�l�u�e�s� �a�r�e� �v�a�r�i�a�b�l�e�,� �b�u�t� �m�a�y� �r�e�f�l�e�c�t� �d�i�f�f�e�r�-� 

�e�n�c�e�s� �i�n� �s�e�a�s�o�n�,� �n�u�t�r�i�t�i�o�n�,� �o�r� �g�e�o�g�r�a�p�h�i�c� �d�i�s�t�r�i�b�u�t�i�o�n�,� �r�a�t�h�e�r� �t�h�a�n� 

�a� �h�a�n�d�l�i�n�g� �e�f�f�e�c�t�.� �G�l�u�c�o�s�e� �v�a�l�u�e�s� �w�e�r�e� �m�u�c�h� �t�o�o� �v�a�r�i�a�b�l�e� �t�o� �b�e� 

�a�t�t�r�i�b�u�t�a�b�l�e� �t�o� �t�h�e� �n�u�t�r�i�t�i�v�e� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �a�n�i�m�a�l�s�.� 

�M�o�s�t� �r�e�s�e�a�r�c�h� �o�n� �d�e�e�r� �b�l�o�o�d� �t�o� �d�a�t�e� �h�a�s� �b�e�e�n� �r�e�s�t�r�i�c�t�e�d� �t�o� �t�h�e� 

�u�s�e� �o�f� �e�i�t�h�e�r� �c�a�p�t�i�v�e� �d�e�e�r� �a�n�d� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t�,� �o�r� �w�i�l�d� �d�e�e�r� �s�h�o�t� 

�w�i�t�h� �l�a�r�g�e� �c�a�l�i�b�e�r� �r�i�f�l�e�s�.� �N�o�w� �w�i�t�h� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �m�o�r�e� �t�y�p�e�s� 

�o�f� �d�r�u�g�s� �f�o�r� �i�m�m�o�b�i�l�i�z�a�t�i�o�n�,� �i�t� �m�a�y� �b�e� �p�o�s�s�i�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �a�n� 

�o�p�t�i�m�a�l� �r�e�s�t�r�a�i�n�t� �f�a�c�i�l�i�t�a�t�i�n�g� �d�r�u�g� �f�o�r� �b�l�o�o�d� �r�e�s�e�a�r�c�h�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� 

�b�l�o�o�d� �c�o�l�l�e�c�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �m�a�y� �b�e� �s�t�a�n�d�a�r�d�i�z�e�d� �i�n� �a�l�l� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s�.



�2�8� 

�B�a�s�e�l�i�n�e� �H�o�r�m�o�n�e� �D�a�t�a� �f�o�r� �W�h�i�t�e�-�t�a�i�l�e�d� �D�e�e�r� 
� � 

�B�a�s�i�c� �r�e�s�e�a�r�c�h� �o�n� �t�h�e� �e�n�d�o�c�r�i�n�e� �s�y�s�t�e�m�s� �o�f� �w�i�l�d� �a�n�i�m�a�l�s� �h�a�s� 

�b�e�e�n� �l�i�m�i�t�e�d�,� �a�n�d� �r�e�s�e�a�r�c�h� �o�n� �t�h�e� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �h�a�s� �b�e�e�n� �n�o� 

�e�x�c�e�p�t�i�o�n�.� �A�d�r�e�n�o�c�o�r�t�i�c�o�i�d�s� �m�a�y� �b�e� �v�a�l�u�a�b�l�e� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� 

�l�e�v�e�l� �o�f� �"�s�t�r�e�s�s�"� �o�r� �e�x�c�i�t�e�m�e�n�t� �o�f� �t�h�e� �a�n�i�m�a�l� �a�t� �t�h�e� �t�i�m�e� �o�f� �b�l�o�o�d� 

�c�o�l�l�e�c�t�i�o�n�.� �S�e�a�l� �a�n�d� �E�r�i�c�k�s�o�n� �(�1�9�6�9�b�)� �u�s�e�d� �a� �f�l�o�u�r�i�m�e�t�r�i�c� �t�e�c�h�n�i�q�u�e� 

�t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �l�e�v�e�l� �o�f� �c�o�r�t�i�c�o�s�t�e�r�o�i�d�s� �i�n� �s�h�o�t� �d�e�e�r�.� �T�h�e�y� �f�o�u�n�d� 

�5�6� �+� �1�1� �n�g�/�m�l� �c�o�r�t�i�s�o�l� �(�s�i�c�)� �i�n� �a�d�u�l�t� �f�e�m�a�l�e� �d�e�e�r� �a�n�d� �4�4� �+� �1�1� �n�g�/�m�l� 

�i�n� �j�u�v�e�n�i�l�e� �m�a�l�e� �d�e�e�r�.� 

�S�e�a�l� �e�t� �a�l�.� �(�1�9�7�2�b�)� �d�e�t�e�r�m�i�n�e�d� �c�o�r�t�i�s�o�l� �(�s�i�c�)� �l�e�v�e�l�s� �f�o�r� �p�r�e�g�n�a�n�t� 

�w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r�.� �A� �g�r�o�u�p� �o�f� �c�a�p�t�i�v�e� �d�e�e�r� �o�n� �a� �h�i�g�h� �n�u�t�r�i�t�i�o�n� �l�e�v�e�l� 

�h�a�d� �c�o�r�t�i�s�o�l� �v�a�l�u�e�s� �o�f� �4�8� �n�g�/�m�l� �i�n� �D�e�c�e�m�b�e�r� �a�n�d� �M�a�r�c�h� �w�h�e�n� �b�l�e�d� 

�u�s�i�n�g� �t�h�e� �d�r�u�g� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �S�e�r�n�y�l�a�n� �p�l�u�s� �p�r�o�m�a�z�i�n�e�.� �T�h�e�s�e� �s�a�m�e� 

�p�e�n�n�e�d� �d�e�e�r� �h�a�d� �c�o�r�t�i�s�o�l� �v�a�l�u�e�s� �o�f� �7�5� �n�g�/�m�l� �w�h�e�n� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� 

�a�n�d� �b�l�e�d� �i�n� �A�p�r�i�l�.� �S�i�n�c�e� �S�e�a�l� �e�t� �a�l�.� �(�1�9�7�2�a�)� �h�a�d� �j�u�s�t� �e�m�p�h�a�s�i�z�e�d� �t�h�e� 

�n�e�e�d� �f�o�r� �c�o�n�s�i�s�t�e�n�c�y� �i�n� �b�l�o�o�d� �s�a�m�p�l�i�n�g� �t�e�c�h�n�i�q�u�e�s�,� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� 

�t�h�e�s�e� �t�w�o� �m�e�t�h�o�d�s� �f�o�r� �b�l�o�o�d� �s�a�m�p�l�i�n�g� �i�n� �t�h�i�s� �r�e�p�o�r�t� �i�s� �e�x�t�r�e�m�e�l�y� �q�u�e�s�-� 

�t�i�o�n�a�b�l�e�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �c�o�r�t�i�s�o�l� �v�a�l�u�e�s� �b�e�t�w�e�e�n� �D�e�c�e�m�b�e�r�,� �M�a�r�c�h�,� 

�a�n�d� �A�p�r�i�l� �b�l�o�o�d� �c�o�l�l�e�c�t�i�o�n�s� �c�a�n�n�o�t� �b�e� �p�r�o�p�e�r�l�y� �i�n�t�e�r�p�r�e�t�e�d� �d�u�e� �t�o� �t�h�e� 

�f�a�c�t� �t�h�a�t� �t�h�e�r�e� �w�a�s� �t�h�i�s� �i�n�c�o�n�s�i�s�t�e�n�c�y� �i�n� �t�h�e� �m�e�t�h�o�d� �o�f� �r�e�s�t�r�a�i�n�t� �f�o�r� 

�s�a�m�p�l�i�n�g�.� �A� �g�r�o�u�p� �o�f� �p�e�n�n�e�d� �d�e�e�r� �o�n� �a� �m�o�d�e�r�a�t�e� �p�l�a�n�e� �o�f� �n�u�t�r�i�t�i�o�n� 

�w�a�s� �a�l�s�o� �b�l�e�d� �w�h�i�l�e� �d�r�u�g�g�e�d� �i�n� �D�e�c�e�m�b�e�r� �(�5�7� �n�g�/�m�l� �c�o�r�t�i�s�o�l�)� �a�n�d� 

�M�a�r�c�h� �(�5�3� �n�g�/�m�l� �c�o�r�t�i�s�o�l�)�,� �a�n�d� �d�u�r�i�n�g� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t� �(�3�7� �n�g�/�m�l� 

�c�o�r�t�i�s�o�l�)�.� �W�i�l�d� �d�e�e�r� �w�e�r�e� �b�l�e�d� �i�n� �M�a�r�c�h� �u�s�i�n�g� �d�r�u�g�s� �a�n�d� �h�a�d� �c�o�r�t�i�s�o�l� 

�v�a�l�u�e�s� �o�f� �6�0� �n�g�/�m�l�.� �I�n� �A�p�r�i�l� �w�h�i�l�e� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d�,� �t�h�e�y� �h�a�d



�2�g� 

�c�o�r�t�i�s�o�l� �l�e�v�e�l�s� �o�f� �6�8� �n�g�/�m�l�.� 

�C�o�r�t�i�s�o�l� �l�e�v�e�l�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �b�y� �S�e�a�l�a�n�d�e�r� �e�t� �a�l�.� �(�1�9�7�5�)� �i�n� 

�d�e�e�r� �w�h�i�c�h� �w�e�r�e� �p�u�r�s�u�e�d� �b�y� �d�o�g�s�.� �D�u�e� �i�n� �p�a�r�t� �t�o� �a� �s�m�a�l�l� �a�n�d� �v�a�r�i�a�b�l�e� 

�s�a�m�p�l�e� �s�i�z�e�,� �t�h�e� �a�u�t�h�o�r�s� �f�o�u�n�d� �e�x�t�r�e�m�e�l�y� �v�a�r�i�e�d� �a�m�o�u�n�t�s� �o�f� �c�o�r�t�i�s�o�l�.� 

�V�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �6�0� �t�o� �1�7�5� �n�g�/�m�l�.� �T�h�e�r�e� �w�a�s� �n�o� �c�o�n�s�i�s�t�e�n�t� �c�h�a�n�g�e� 

�i�n� �c�o�r�t�i�s�o�l� �d�u�e� �t�o� �t�h�e� �s�t�r�e�s�s� �c�a�u�s�e�d� �b�y� �d�o�g� �h�a�r�a�s�s�m�e�n�t�;� �h�o�w�e�v�e�r�,� �a�l�l� 

�t�h�e� �d�e�e�r� �m�a�y� �h�a�v�e� �b�e�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �a�n� �e�x�t�r�e�m�e�l�y� �h�i�g�h� �l�e�v�e�l� �o�f� �i�n�i�t�i�a�l� 

�s�t�r�e�s�s� �a�t� �c�a�p�t�u�r�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �a�d�d�e�d� �a�n�d� �c�o�n�t�i�n�u�e�d� �s�t�r�e�s�s� �b�y� �d�o�g� 

�h�a�r�a�s�s�m�e�n�t� �m�a�y� �h�a�v�e� �o�n�l�y� �l�e�d� �t�o� �g�r�e�a�t�e�r� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�o�s�e� �l�e�v�e�l�s� 

�m�e�a�s�u�r�e�d�.� 

�P�l�a�s�m�a� �p�r�o�g�e�s�t�i�n� �v�a�l�u�e�s� �h�a�v�e� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �w�h�i�t�e�-�t�a�i�l�e�d� 

�d�e�e�r� �i�n� �t�w�o� �r�e�p�o�r�t�s�.� �H�a�r�d�e�r� �a�n�d� �P�e�t�e�r�l�e� �(�1�9�7�4�)� �w�e�r�e� �c�o�n�c�e�r�n�e�d� �w�i�t�h� 

�t�h�e� �e�f�f�e�c�t� �o�f� �d�i�e�t�h�y�l�s�t�i�l�b�e�s�t�r�o�l� �(�D�E�S�)� �o�n� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� 

�o�f� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �w�h�e�n� �t�h�e�y� �e�x�a�m�i�n�e�d� �p�r�o�g�e�s�t�i�n� �l�e�v�e�l�s�.� �T�h�e�y� 

�c�a�p�t�u�r�e�d� �6�5� �d�o�e�s� �(�N�o�v�e�m�b�e�r� �1�6�,� �1�9�6�9�-�J�a�n�u�a�r�y� �1�6�,� �1�9�7�0�)� �i�n� �l�i�v�e� �t�r�a�p�s� 

�a�n�d� �i�m�m�o�b�i�l�i�z�e�d� �t�h�e�m� �w�i�t�h� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e�.� �B�l�o�o�d� �w�a�s� �c�o�l�l�e�c�t�e�d�,� �a�n�d� 

�t�h�e� �m�e�a�n� �p�r�o�g�e�s�t�i�n� �l�e�v�e�l�s� �f�o�r� �3�3� �d�e�e�r� �(�a�l�l� �t�h�o�u�g�h�t� �t�o� �h�a�v�e� �b�e�e�n� 

�p�r�e�g�n�a�n�t�)� �i�n� �t�h�i�s� �p�e�r�i�o�d� �w�a�s� �1�2�.�8� �+� �0�.�9�9� �n�g�/�m�l�.� �A�f�t�e�r� �b�l�e�e�d�i�n�g� �t�h�e�y� 

�a�d�m�i�n�i�s�t�e�r�e�d� �D�E�S� �b�y� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n�.� �O�n� �J�a�n�u�a�r�y� �3�1�,� 

�F�e�b�r�u�a�r�y� �1�,� �a�n�d� �F�e�b�r�u�a�r�y� �2�1�,� �1�9�7�0� �t�h�e�y� �s�h�o�t� �a�s� �m�a�n�y� �o�f� �t�h�e�s�e� �s�a�m�e� 

�t�r�e�a�t�e�d� �d�e�e�r� �a�s� �p�o�s�s�i�b�l�e� �a�n�d� �f�o�u�n�d� �a� �m�e�a�n� �p�r�o�g�e�s�t�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 

�2�.�4� �+� �0�.�2�9� �n�g�/�m�l�.� �O�n�l�y� �o�n�e� �f�o�u�r�t�h� �o�f� �t�h�e�s�e� �d�e�e�r� �w�e�r�e� �s�t�i�l�l� �p�r�e�g�n�a�n�t�.� 

�A� �c�o�n�t�r�o�l� �g�r�o�u�p� �o�f� �d�o�e�s� �w�a�s� �n�o�t� �t�r�e�a�t�e�d� �w�i�t�h� �D�E�S� �a�n�d� �a�l�l� �w�e�r�e� 

�p�r�e�g�n�a�n�t� �w�h�e�n� �c�o�l�l�e�c�t�e�d� �b�y� �s�h�o�o�t�i�n�g� �i�n� �J�a�n�u�a�r�y� �a�n�d� �F�e�b�r�u�a�r�y�.� �T�h�e�s�e� 

�a�n�i�m�a�l�s� �h�a�d� �a� �m�e�a�n� �p�r�o�g�e�s�t�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �6�.�9� �+� �0�.�5�1� �n�g�/�m�l�.



�3�0� 

�T�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�e� �D�E�S� �h�a�d� �c�a�u�s�e�d� �t�h�e� �l�a�r�g�e� �d�r�o�p� �i�n� �p�r�o�g�e�s�t�i�n�s� �i�n� 

�t�r�e�a�t�e�d� �d�e�e�r�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �b�e�f�o�r�e� �D�E�S� �t�r�e�a�t�e�d� �d�o�e�s� �a�n�d� 

�t�h�e� �c�o�n�t�r�o�l� �d�o�e�s� �(�1�2�.�8� �v�s� �6�.�9� �n�g�/�m�l�)� �w�a�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �e�i�t�h�e�r� �p�o�s�s�i�b�l�e� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �h�o�r�m�o�n�e� �p�r�o�d�u�c�t�i�o�n� �d�u�r�i�n�g� �p�r�e�g�n�a�n�c�y�,� �o�r� �t�o� �a� �b�r�e�a�k� 

�d�o�w�n� �o�f� �p�r�o�g�e�s�t�i�n�s� �a�f�t�e�r� �d�e�a�t�h� �i�n� �t�h�e� �s�h�o�t� �a�n�i�m�a�l�s�.� �A�n�o�t�h�e�r� �p�o�s�s�i�-� 

�b�i�l�i�t�y� �n�o�t� �m�e�n�t�i�o�n�e�d� �b�y� �t�h�e� �a�u�t�h�o�r�s� �w�o�u�l�d� �b�e� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�r�o�g�e�s�t�i�n�s� 

�i�n� �t�h�e� �t�r�a�p�p�e�d�,� �i�m�m�o�b�i�l�i�z�e�d� �d�e�e�r� �d�u�e� �t�o� �s�t�r�e�s�s� �o�f� �e�n�t�r�a�p�m�e�n�t�.� �T�h�e�s�e� 

�d�e�e�r� �w�e�r�e� �w�i�l�d�,� �l�i�v�e� �a�n�i�m�a�l�s� �w�h�i�c�h� �w�e�r�e� �p�r�o�b�a�b�l�y� �e�x�c�i�t�e�d� �b�y� �b�e�i�n�g� 

�c�o�n�f�i�n�e�d� �i�n� �t�r�a�p�s�.� �T�h�e� �s�h�o�t� �d�e�e�r� �w�o�u�l�d� �p�o�s�s�i�b�l�y� �h�a�v�e� �b�e�e�n� �l�e�s�s� �e�x�-� 

�c�i�t�e�d� �d�u�e� �t�o� �t�h�e� �s�p�e�e�d� �o�f� �d�e�a�t�h� �a�n�d� �h�e�n�c�e� �a� �l�o�w�e�r� �l�e�v�e�l� �o�f� �s�t�r�e�s�s�.� 

�A�b�l�e�r� �(�1�9�7�4�)� �a�t�t�e�m�p�t�e�d� �t�o� �u�s�e� �t�h�e� �l�e�v�e�l� �o�f� �p�r�o�g�e�s�t�i�n�s� �a�s� �a�n� 

�i�n�d�i�c�a�t�i�o�n� �o�f� �o�v�u�l�a�t�i�o�n� �i�n� �w�h�i�t�e�-�t�a�i�l�e�d� �f�a�w�n�s� �g�i�v�e�n� �d�i�e�t�a�r�y� �c�o�m�b�i�n�a�t�i�o�n�s� 

�o�f� �h�i�g�h� �a�n�d� �l�o�w� �l�e�v�e�l�s� �o�f� �e�n�e�r�g�y� �a�n�d� �p�r�o�t�e�i�n�.� �H�e� �b�l�e�d� �a�l�l� �d�o�e�s� �w�h�i�l�e� 

�m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d�.� �T�h�e� �h�i�g�h� �e�n�e�r�g�y� �a�n�i�m�a�l�s� �t�e�n�d�e�d� �t�o� �h�a�v�e� �h�i�g�h�e�r� 

�o�v�e�r�a�l�l� �p�r�o�g�e�s�t�i�n� �v�a�l�u�e�s� �(�1�.�0�8� �n�g�/�m�l�)� �t�h�a�n� �t�h�e� �l�o�w� �e�n�e�r�g�y� �a�n�i�m�a�l�s� 

�(�0�.�4�8� �n�g�/�m�l�)�.� �T�h�e� �l�e�v�e�l� �o�f� �p�r�o�t�e�i�n� �d�i�d� �n�o�t� �a�f�f�e�c�t� �p�r�o�g�e�s�t�i�n� �v�a�l�u�e�s�.� 

�O�n�e� �a�d�u�l�t� �d�o�e� �w�a�s� �b�r�e�d� �a�n�d� �p�r�o�g�e�s�t�i�n� �v�a�l�u�e�s� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e� �d�a�y� �f�o�l�l�o�w�-� 

�i�n�g� �e�s�t�r�u�s� �(�D�a�y� �1�)� �h�a�d� �a� �p�r�o�g�e�s�t�i�n� �l�e�v�e�l� �o�f� �0�.�2�0� �n�g�/�m�l� �p�l�a�s�m�a�.� �O�n� 

�d�a�y� �5�,� �t�h�e� �l�e�v�e�l� �w�a�s� �5�.�0�0� �n�g�/�m�l�,� �a�n�d� �o�n� �d�a�y� �9� �t�h�e� �l�e�v�e�l� �w�a�s� �3�.�7�0� �n�g�/�m�l�.� 

�P�r�o�g�e�s�t�i�n� �l�e�v�e�l�s� �r�e�m�a�i�n�e�d� �a�b�o�v�e� �2�.�4�0� �n�g�/�m�l� �f�o�r� �a�t� �l�e�a�s�t� �o�n�e� �m�o�n�t�h� 

�a�f�t�e�r� �e�s�t�r�u�s�.� �P�r�e�g�n�a�n�c�y� �c�o�n�t�i�n�u�e�d� �t�o� �t�e�r�m� �i�n� �t�h�i�s� �d�o�e�,� 

�M�c�M�i�l�l�a�n� �e�t� �a�l�.� �(�1�9�7�4�)� �e�x�a�m�i�n�e�d� �t�h�e� �a�n�n�u�a�l� �t�e�s�t�o�s�t�e�r�o�n�e� �r�h�y�t�h�m� 

�o�f� �m�a�l�e� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r�.� �T�h�e�y� �a�n�a�l�y�z�e�d� �o�n�l�y� �2�5� �b�l�o�o�d� �s�a�m�p�l�e�s� �f�o�r� 

�t�h�e� �e�n�t�i�r�e� �y�e�a�r�.� �S�e�v�e�n� �a�n�i�m�a�l�s� �w�e�r�e� �s�h�o�t� �a�n�d� �b�l�o�o�d� �c�o�l�l�e�c�t�e�d�.� �T�h�e� 

�r�e�m�a�i�n�i�n�g� �s�a�m�p�l�e�s� �w�e�r�e� �f�r�o�m� �c�a�p�t�i�v�e� �d�e�e�r� �i�m�m�o�b�i�l�i�z�e�d� �w�i�t�h� �S�e�r�n�y�l�a�n



�3�1� 

�p�l�u�s� �p�r�o�m�a�z�i�n�e�.� �A� �r�a�d�i�o�i�m�m�u�n�o�a�s�s�a�y� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �s�e�r�u�m� 

�t�e�s�t�o�s�t�e�r�o�n�e� �f�o�r� �a�l�l� �s�a�m�p�l�e�s�.� �T�e�s�t�o�s�t�e�r�o�n�e� �v�a�r�i�e�d� �f�r�o�m� �0�.�0�6� �n�g�/�m�l� 

�o�f� �s�e�r�u�m� �t�o� �3�.�1�0� �n�g�/�m�l� �o�f� �s�e�r�u�m�.� �T�h�e� �a�v�e�r�a�g�e� �f�o�r� �D�e�c�e�m�b�e�r� �t�h�r�o�u�g�h� 

�J�u�l�y� �w�a�s� �0�.�3�4� �n�g�/�m�l� �a�n�d� �f�r�o�m� �A�u�g�u�s�t� �t�o� �N�o�v�e�m�b�e�r� �w�a�s� �2�.�1�0� �n�g�/�m�l�.� 

�T�h�e�r�e� �w�e�r�e� �n�o� �a�p�p�a�r�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �d�u�e� �t�o� �t�h�e� �m�e�t�h�o�d� �o�f� �s�a�m�p�l�e� �c�o�l�-� 

�l�e�c�t�i�o�n�,� �y�e�t� �s�i�n�c�e� �t�w�o� �o�f� �t�h�e� �a�u�t�h�o�r�s� �w�e�r�e� �a�w�a�r�e� �o�f� �p�o�s�s�i�b�l�e� �c�h�a�n�g�e�s� 

�(�S�e�a�l� �e�t� �a�l�.� �1�9�7�2�a�)� �d�u�e� �t�o� �t�h�e� �m�e�t�h�o�d� �o�f� �c�o�l�l�e�c�t�i�o�n�,� �t�h�e�s�e� �p�o�s�s�i�-� 

�b�i�l�i�t�i�e�s� �s�h�o�u�l�d� �h�a�v�e� �b�e�e�n� �d�i�s�c�u�s�s�e�d�.� 

�P�l�a�s�m�a� �a�n�d�r�o�g�e�n� �l�e�v�e�l�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �f�o�r� �b�o�t�h� �c�a�p�t�i�v�e� �a�n�d� �w�i�l�d� 

�d�e�e�r� �d�u�r�i�n�g� �t�h�e� �e�n�t�i�r�e� �y�e�a�r� �b�y� �M�i�r�a�r�c�h�i� �(�1�9�7�5�)�.� �W�i�l�d� �a�n�i�m�a�l�s� �w�e�r�e� 

�b�l�e�d� �w�h�i�l�e� �i�m�m�o�b�i�l�i�z�e�d� �w�i�t�h� �s�u�c�c�i�n�y�c�h�o�l�i�n�e� �c�h�l�o�r�i�d�e�.� �C�a�p�t�i�v�e� �d�e�e�r� 

�w�e�r�e� �b�l�e�d� �u�s�i�n�g� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t�,� �e�x�c�e�p�t� �d�u�r�i�n�g� �t�h�o�s�e� �m�o�n�t�h�s� �w�h�e�n� �t�h�e� 

�d�e�e�r� �w�e�r�e� �a�g�g�r�e�s�s�i�v�e� �a�n�d� �t�h�e�n� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e� �w�a�s� �u�s�e�d�.� �H�e� �f�o�u�n�d� �t�h�e� 

�a�n�d�r�o�g�e�n� �l�e�v�e�l�s� �f�o�l�l�o�w�e�d� �a� �d�i�s�t�i�n�c�t� �a�n�n�u�a�l� �c�y�c�l�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� 

�t�h�e� �a�n�n�u�a�l� �a�n�t�l�e�r� �a�n�d� �r�e�p�r�o�d�u�c�t�i�v�e� �c�y�c�l�e�.� �A�n�d�r�o�g�e�n� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� 

�0�.�2�0� �n�g�/�m�l� �t�o� �6�5� �n�g�/�m�l� �f�o�r� �c�a�p�t�i�v�e� �b�u�c�k�s�.� �T�h�e�s�e� �v�a�l�u�e�s� �w�e�r�e� �m�u�c�h� 

�l�a�r�g�e�r� �t�h�a�n� �t�h�o�s�e� �r�e�p�o�r�t�e�d� �a�b�o�v�e� �b�y� �M�c�M�i�l�l�a�n� �e�t� �a�l�.� �(�1�9�7�4�)�.� �H�o�w�e�v�e�r�,� 

�M�i�r�a�r�c�h�i� �h�a�d� �a� �m�u�c�h� �l�a�r�g�e�r� �s�a�m�p�l�e� �s�i�z�e�,� �s�a�m�p�l�e�d� �m�o�s�t�l�y� �m�a�t�u�r�e� �b�u�c�k�s�,� 

�a�n�d� �u�s�e�d� �a� �c�o�m�p�e�t�i�t�i�v�e� �p�r�o�t�e�i�n� �b�i�n�d�i�n�g� �a�s�s�a�y� �f�o�r� �t�o�t�a�l� �a�n�d�r�o�g�e�n�s� 

�r�a�t�h�e�r� �t�h�a�n� �a� �s�p�e�c�i�f�i�c� �R�I�A� �f�o�r� �t�e�s�t�o�s�t�e�r�o�n�e� �a�n�d� �d�i�h�y�d�r�o�t�e�s�t�o�s�t�e�r�o�n�e�.� 

�O�t�h�e�r� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�a�l�e� �h�o�r�m�o�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�w�e�r�e� �s�u�g�g�e�s�t�e�d� �b�y� �M�i�r�a�r�c�h�i� �(�1�9�7�5�:�5�9�)�.� �A�n�d�r�o�g�e�n� �l�e�v�e�l�s� �f�o�r� �w�i�l�d� �d�e�e�r� 

�w�e�r�e� �h�i�g�h�e�r� �t�h�a�n� �t�h�o�s�e� �f�o�r� �c�a�p�t�i�v�e� �d�e�e�r� �d�u�r�i�n�g� �t�h�e� �r�u�t�t�i�n�g� �s�e�a�s�o�n�,� 

�h�o�w�e�v�e�r�,� �v�a�l�u�e�s� �w�e�r�e� �n�o�t� �c�o�n�s�i�s�t�e�n�t�l�y� �h�i�g�h�e�r� �o�r� �l�o�w�e�r� �f�o�r� �t�h�e� �r�e�m�a�i�n�d�e�r� 

�o�f� �t�h�e� �y�e�a�r�.� �B�o�t�h� �c�a�p�t�i�v�e� �a�n�d� �w�i�l�d� �d�e�e�r� �w�e�r�e� �b�l�e�d� �a�f�t�e�r� �t�m�m�o�b�i�l�i�z�a�t�i�o�n



�3�2� 

�w�i�t�h� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e� �d�u�r�i�n�g� �t�h�e� �r�u�t�t�i�n�g� �s�e�a�s�o�n�,� �t�h�e�r�e�f�o�r�e� �a� �d�i�f�f�e�r�e�n�c�e� 

�i�n� �h�a�n�d�l�i�n�g� �t�e�c�h�n�i�q�u�e�s� �w�o�u�l�d� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� 

�d�i�s�s�i�m�i�l�a�r�i�t�y�.� �P�o�s�s�i�b�l�e� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �v�a�r�i�a�t�i�o�n� �b�e�t�w�e�e�n� �c�a�p�t�i�v�e� 

�a�n�d� �w�i�l�d� �d�e�e�r� �w�e�r�e� �d�i�s�c�u�s�s�e�d� �b�y� �M�i�r�a�r�c�h�i� �(�1�9�7�5�:�6�0�)� �a�n�d� �i�n�c�l�u�d�e�d� 

�p�o�s�s�i�b�l�e� �a�g�e� �r�e�l�a�t�i�o�n�s�h�i�p�s�,� �s�t�r�e�s�s�,� �c�y�c�l�i�c� �f�l�u�c�t�u�a�t�i�o�n�s� �a�n�d� �d�i�u�r�n�a�l� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �h�o�r�m�o�n�e� �s�e�c�r�e�t�i�o�n�,� �o�r� �s�e�x�u�a�l� �s�t�i�m�u�l�a�t�i�o�n�.� �D�u�r�i�n�g� �t�h�e� 

�r�e�m�a�i�n�i�n�g� �m�o�n�t�h�s�,� �t�h�e�r�e� �w�a�s� �n�o� �c�o�n�s�i�s�t�e�n�t� �d�i�s�a�g�r�e�e�m�e�n�t� �w�h�i�c�h� �c�o�u�l�d� 

�b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �h�a�n�d�l�i�n�g� �t�e�c�h�n�i�q�u�e�s�.� 

�V�a�r�i�a�b�i�l�i�t�y� �i�n� �B�l�o�o�d� �C�o�n�s�t�i�t�u�e�n�t�s� 

�D�u�e� �t�o� �S�a�m�p�l�i�n�g� �T�e�c�h�n�i�q�u�e�s� 

�D�a�t�a� �e�x�i�s�t� �w�h�i�c�h� �i�n�d�i�c�a�t�e� �t�h�e� �m�e�t�h�o�d� �o�f� �b�l�o�o�d� �c�o�l�l�e�c�t�i�o�n� �c�o�u�l�d� 

�h�a�v�e� �p�r�o�f�o�u�n�d� �i�n�f�l�u�e�n�c�e�s� �o�n� �t�h�e� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �m�e�a�s�u�r�e�d�.� �T�u�r�n�e�r� 

�a�n�d� �H�o�d�g�e�t�t�s� �(�1�9�5�9�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �v�a�l�u�e�s� �f�o�r� �P�C�V�,� �H�b�,� �a�n�d� �R�B�C� �i�n� 

�s�h�e�e�p� �w�e�r�e� �l�i�k�e�l�y� �t�o� �b�e� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �t�e�m�p�e�r�a�m�e�n�t� �a�n�d� �p�r�i�o�r� �h�a�n�d�l�i�n�g� 

�o�f� �t�h�e� �a�n�i�m�a�l�s�.� �T�h�e�y� �d�i�s�c�o�v�e�r�e�d� �e�x�p�e�r�i�m�e�n�t�a�l�l�y� �t�h�a�t� �t�h�e� �P�C�V� �v�a�l�u�e�s� 

�w�e�r�e� �r�e�d�u�c�e�d� �b�y� �s�o�o�t�h�i�n�g�,� �i�s�o�l�a�t�i�o�n� �f�r�o�m� �s�t�i�m�u�l�i�,� �a�n�d� �p�e�n�t�o�b�a�r�b�i�t�o�n�u�m� 

�a�n�e�s�t�h�e�s�i�a�,� �a�n�d� �w�e�r�e� �i�n�c�r�e�a�s�e�d� �b�y� �e�x�c�i�t�e�m�e�n�t�,� �e�x�e�r�c�i�s�e�,� �o�r� �i�n�t�r�a�v�e�n�e�o�u�s� 

�i�n�j�e�c�t�i�o�n� �o�f� �a�d�r�e�n�a�l�i�n�e�.� �R�a�d�i�o�a�c�t�i�v�e� �t�r�a�c�i�n�g� �o�f� �l�a�b�e�l�l�e�d� �R�B�C� 

�l�e�d� �t�h�e�m� �t�o� �c�o�n�c�l�u�d�e� �t�h�a�t� �t�h�e� �P�C�V� �r�e�s�p�o�n�s�e� �w�a�s� �d�u�e� �p�r�i�m�a�r�i�l�y� �t�o� 

�i�n�v�e�r�s�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �d�e�g�r�e�e� �o�f� �f�i�l�l�i�n�g� �o�r� �c�o�n�t�r�a�c�t�i�o�n� �o�f� �t�h�e� �s�p�l�e�e�n�.� 

�P�C�V� �c�h�a�n�g�e�s� �o�f� �u�p� �t�o� �2�5� �p�e�r�c�e�n�t� �o�f� �t�h�e� �i�n�i�t�i�a�l� �v�a�l�u�e�s� �w�e�r�e� �p�o�s�s�i�b�l�e�.� 

�T�h�e� �s�h�e�e�p� �s�p�l�e�e�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �h�o�l�d� �o�n�e� �s�e�v�e�n�t�h� �o�f� �t�h�e� �t�o�t�a�l� 

�b�l�o�o�d� �v�o�l�u�m�e� �i�n� �a�n� �i�n�t�a�c�t� �r�e�s�t�i�n�g� �s�h�e�e�p�,� �a�n�d� �n�e�a�r�l�y� �o�n�e� �f�o�u�r�t�h� �o�f� 

�t�h�e� �t�o�t�a�l� �R�B�C�.� �T�h�e� �o�n�l�y� �s�o�l�u�t�i�o�n� �w�h�i�c�h� �t�h�e�y� �c�o�u�l�d� �s�u�g�g�e�s�t� �t�o� �a�v�o�i�d� 

�e�x�c�e�s�s�i�v�e�l�y� �h�i�g�h� �o�r� �l�o�w� �v�a�l�u�e�s� �o�f� �t�h�e� �h�e�m�o�g�r�a�m� �w�a�s� �t�o� �a�c�c�u�s�t�o�m� �t�h�e



�3�3� 

�s�h�e�e�p� �t�o� �p�e�r�s�o�n�n�e�l�,� �m�a�n�i�p�u�l�a�t�i�o�n�s�,� �a�n�d� �r�o�u�t�i�n�e�,� �a�n�d� �t�o� �p�r�a�c�t�i�c�e� 

�q�u�i�e�t�n�e�s�s� �a�n�d� �g�e�n�t�l�e�n�e�s�s� �w�h�e�n�e�v�e�r� �p�o�s�s�i�b�l�e�.� �A� �c�o�m�p�l�e�m�e�n�t�a�r�y� �e�x�p�e�r�i�-� 

�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� �T�u�r�n�e�r� �a�n�d� �H�o�d�g�e�t�t�s� �(�1�9�6�0�)� �i�n� �w�h�i�c�h� �t�h�e�y� 

�e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �t�r�a�n�q�u�i�l�i�z�e�r� �c�h�l�o�r�p�r�o�m�a�z�i�n�e� �o�n� �P�C�V�.� 

�C�h�l�o�r�p�r�o�m�a�z�i�n�e� �c�a�u�s�e�d� �l�a�r�g�e� �d�e�c�l�i�n�e�s� �i�n� �t�h�e� �P�C�V� �o�f� �s�h�e�e�p�.� �T�h�e�s�e� 

�d�e�c�l�i�n�e�s� �w�e�r�e� �v�i�r�t�u�a�l�l�y� �n�o�n�e�x�i�s�t�e�n�t� �w�h�e�n� �t�h�e� �d�r�u�g� �w�a�s� �g�i�v�e�n� �t�o� 

�s�p�l�e�n�e�c�t�o�m�i�z�e�d� �s�h�e�e�p�.� �I�n�t�a�c�t� �s�h�e�e�p� �w�e�r�e� �p�r�e�p�a�r�e�d� �w�i�t�h� �l�a�b�e�l�l�e�d� �r�e�d� 

�c�e�l�l�s�,� �a�n�d� �s�u�r�f�a�c�e� �c�o�u�n�t�s� �o�f� �s�p�l�e�n�i�c� �g�a�m�m�a� �r�a�d�i�a�t�i�o�n� �i�n�d�i�c�a�t�e�d� �t�h�e� 

�f�a�l�l� �i�n� �P�C�V� �w�a�s� �d�u�e� �a�l�m�o�s�t� �e�n�t�i�r�e�l�y� �t�o� �s�p�l�e�n�i�c� �r�e�l�a�x�a�t�i�o�n� �a�n�d� �a� 

�c�o�n�s�e�q�u�e�n�t� �i�n�c�r�e�a�s�e� �i�n� �r�e�d� �b�l�o�o�d� �c�e�l�l�s� �h�e�l�d� �i�n� �t�h�e� �s�p�l�e�e�n�.� �P�l�a�s�m�a� 

�d�i�l�u�t�i�o�n� �t�h�r�o�u�g�h� �w�a�t�e�r� �s�h�i�f�t� �p�l�a�y�e�d� �o�n�l�y� �a� �s�m�a�l�l� �r�o�l�e� �i�n� �t�h�e� �P�C�V� �f�a�l�l�.� 

�T�h�e� �p�o�s�s�i�b�l�e� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �p�o�s�t�u�r�e� �o�r� �r�e�c�u�m�b�a�n�c�y� �p�o�s�i�t�i�o�n� �a�t� �t�h�e� 

�t�i�m�e� �o�f� �b�l�o�o�d� �s�a�m�p�l�i�n�g� �h�a�s� �n�o�t� �b�e�e�n� �e�x�a�m�i�n�e�d� �i�n� �C�e�r�v�i�d�a�e�.� �P�o�s�t�u�r�e� 

�o�r� �p�o�s�i�t�i�o�n�,� �a�s� �a� �r�e�s�u�l�t� �o�f� �a�s�s�o�c�i�a�t�e�d� �c�h�a�n�g�e�s� �c�a�u�s�e�d� �s�o�l�e�l�y� �b�y� 

�a�l�t�e�r�i�n�g� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �s�a�m�p�l�e�d� �i�n�d�i�v�i�d�u�a�l�,� �c�a�n� �c�h�a�n�g�e� �t�h�e� �P�C�V� 

�a�n�d� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n� �v�a�l�u�e�s� �o�f� �m�a�n� �(�E�i�s�e�n�b�e�r�g� �1�9�6�3�)�.� �F�a�i�l�u�r�e� �t�o� 

�s�t�a�n�d�a�r�d�i�z�e� �t�h�e� �p�o�s�t�u�r�e� �o�r� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �s�u�b�j�e�c�t�s� �c�o�u�l�d� �f�e�a�s�i�b�l�y� 

�l�e�a�d� �t�o� �s�e�e�m�i�n�g�l�y� �i�n�c�o�n�s�i�s�t�e�n�t� �v�a�l�u�e�s� �f�o�r� �s�o�m�e� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s�.� 

�E�i�k�-�N�e�s� �(�1�9�6�2�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �i�n� �a�n�e�s�t�h�e�t�i�z�e�d� �d�o�g�s�,� �t�e�s�t�o�s�t�e�r�o�n�e� 

�l�e�v�e�l�s� �d�e�c�r�e�a�s�e�d�.� �H�e� �h�a�d� �n�o� �g�o�o�d� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�i�s� �d�e�c�r�e�a�s�e� �i�n� 

�t�e�s�t�o�s�t�e�r�o�n�e�.� �B�a�r�d�i�n� �a�n�d� �P�e�t�e�r�s�o�n� �(�1�9�6�7�)� �f�o�u�n�d� �a� �s�i�m�i�l�a�r� �d�e�c�r�e�a�s�e� 

�i�n� �t�e�s�t�o�s�t�e�r�o�n�e� �l�e�v�e�l�s� �i�n� �a�n�e�s�t�h�e�t�i�z�e�d� �r�a�t�s�.� �T�h�e� �"�s�t�r�e�s�s�"� �o�f� �e�t�h�e�r� 

�a�n�e�s�t�h�e�s�i�a� �a�p�p�e�a�r�e�d� �t�o� �d�e�c�r�e�a�s�e� �t�h�e� �s�e�c�r�e�t�i�o�n� �o�f� �g�o�n�a�d�o�t�r�o�p�h�i�n�s�.� 

�T�h�e�y� �p�o�s�t�u�l�a�t�e�d� �t�h�e� �p�r�i�m�a�r�y� �e�f�f�e�c�t�s� �w�e�r�e� �o�n� �t�h�e� �p�i�t�u�i�t�a�r�y� �r�a�t�h�e�r� �t�h�a�n� 

�d�i�r�e�c�t�l�y� �o�n� �t�h�e� �t�e�s�t�e�s�.� �F�a�r�r�i�s� �e�t� �a�l�.� �(�1�9�6�9�)� �r�e�p�o�r�t�e�d� �a� �s�i�m�i�l�a�r
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�d�e�c�r�e�a�s�e� �i�n� �t�e�s�t�o�s�t�e�r�o�n�e� �a�f�t�e�r� �e�t�h�e�r� �a�n�e�s�t�h�e�s�i�a� �i�n� �r�a�t�s�.� �T�h�e�y� �f�o�u�n�d� 

�c�h�a�n�g�e�s� �i�n� �t�e�s�t�o�s�t�e�r�o�n�e� �l�e�v�e�l�s� �i�n� �a�s� �l�i�t�t�l�e� �a�s� �2� �m�i�n�u�t�e�s� �a�f�t�e�r� 

�a�n�e�s�t�h�e�s�i�a�.� �T�h�e�s�e� �l�o�w� �l�e�v�e�l�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �f�o�r� �a�t� �l�e�a�s�t� �2�4� �h�o�u�r�s�.� 

�T�h�e� �a�u�t�h�o�r�s� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �m�e�c�h�a�n�i�s�m� �b�y� �w�h�i�c�h� �t�e�s�t�o�s�t�e�r�o�n�e� �w�a�s� �r�e�-� 

�d�u�c�e�d� �a�s� �l�a�r�g�e�l�y� �u�n�k�n�o�w�n�,� �h�o�w�e�v�e�r� �t�h�e� �p�r�o�l�o�n�g�e�d� �r�e�d�u�c�t�i�o�n� �o�f� �t�e�s�t�o�s�t�e�r�o�n�e� 

�m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �i�n�h�i�b�i�t�i�o�n� �o�f� �p�i�t�u�i�t�a�r�y� �r�e�l�e�a�s�e� �o�f� �g�o�n�a�d�o�t�r�o�p�h�i�n�s�.� 

�G�a�r�t�n�e�r� �e�t� �a�l�.� �(�1�9�6�5�)� �e�x�a�m�i�n�e�d� �i�n�t�a�c�t� �a�n�d� �s�p�l�e�n�e�c�t�o�m�i�z�e�d� �c�a�t�t�l�e� 

�t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �e�x�c�i�t�a�t�i�o�n�.� �E�x�c�i�t�a�t�i�o�n� �s�u�c�h� �a�s� �t�h�e� 

�b�l�e�e�d�i�n�g� �o�f� �t�h�e�s�e� �c�a�t�t�l�e� �l�e�d� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �P�C�V�,� �H�b�,� �R�B�C�,� �a�n�d� 

�s�e�r�u�m� �p�r�o�t�e�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �I�t� �w�a�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �h�e�m�a�t�o�l�o�g�y� 

�w�a�s� �l�i�k�e�l�y� �t�o� �b�e� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �t�e�m�p�e�r�a�m�e�n�t� �a�n�d� �h�a�n�d�l�i�n�g� �o�f� �t�h�e� 

�a�n�i�m�a�l�s�.� �T�h�e� �a�u�t�h�o�r�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �v�a�l�u�e�s� �f�o�r� �a� �n�u�m�b�e�r� �o�f� �c�o�n�s�t�i�t�u�e�n�t�s� 

�i�n� �b�o�v�i�n�e� �b�l�o�o�d� �o�b�t�a�i�n�e�d� �b�y� �v�e�n�i�p�u�n�c�t�u�r�e� �w�e�r�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �d�i�f�f�e�r�e�n�t� 

�f�r�o�m� �t�h�e� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� �i�n� �b�l�o�o�d� �f�r�o�m� �a� �r�e�s�t�i�n�g� �a�n�i�m�a�l�.� �U�s�i�n�g� 

�s�p�l�e�n�e�c�t�o�m�i�z�e�d� �c�a�t�t�l�e�,� �t�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�h�a�n�g�e�s� �i�n� �P�C�V�,� �R�B�C�,� �a�n�d� 

�H�b� �w�e�r�e� �d�u�e� �i�n� �p�a�r�t� �t�o� �t�h�e� �f�l�u�c�t�u�a�t�i�o�n� �o�f� �t�h�e� �s�p�l�e�e�n�,� �a�n�d� �p�a�r�t�i�a�l�l�y� �t�o� 

�a� �m�o�v�e�m�e�n�t� �o�f� �p�r�o�t�e�i�n� �a�n�d� �p�l�a�s�m�a� �t�o� �a�n�d� �f�r�o�m� �c�i�r�c�u�l�a�t�i�o�n�.� �I�n� �a� �l�a�t�e�r� 

�r�e�p�o�r�t� �(�G�a�r�t�n�e�r� �e�t� �a�l�.� �1�9�6�9�)�,� �c�a�t�t�l�e� �w�e�r�e� �c�o�n�d�i�t�i�o�n�e�d� �b�y� �s�a�m�p�l�i�n�g� �a�t� 

�f�r�e�q�u�e�n�t� �i�n�t�e�r�v�a�l�s�,� �t�h�e�r�e�b�y� �r�e�s�u�l�t�i�n�g� �i�n� �a� �d�e�c�r�e�a�s�e� �i�n� �P�C�V�,� �H�b�,� �a�n�d� 

�R�B�C�.� �A�f�t�e�r� �b�e�i�n�g� �a�d�e�q�u�a�t�e�l�y� �c�o�n�d�i�t�i�o�n�e�d� �t�o� �b�l�o�o�d� �s�a�m�p�l�i�n�g�,� �t�h�e�s�e� 

�v�a�l�u�e�s� �r�e�m�a�i�n�e�d� �l�o�w� �a�n�d� �v�a�r�i�e�d� �l�i�t�t�l�e�.� 

�C�r�e�a�t�i�n�e� �p�h�o�s�p�h�o�k�i�n�a�s�e� �(�C�P�K�)� �w�a�s� �e�x�a�m�i�n�e�d� �b�y� �A�i�r�a�k�s�i�n�e�n� �a�n�d� 

�T�a�m�m�i�s�t�o� �(�1�9�6�6�)� �i�n� �h�u�m�a�n�s� �w�h�i�l�e� �u�n�d�e�r� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e� 

�c�h�l�o�r�i�d�e�.� �T�h�e�y� �n�o�t�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �C�P�K� �a�c�t�i�v�i�t�y� �a�n�d� �f�o�u�n�d� �e�v�i�d�e�n�c�e� 

�o�f� �m�y�o�g�l�o�b�i�n� �i�n� �t�h�e� �u�r�i�n�e� �o�f� �m�o�s�t� �p�a�t�i�e�n�t�s�.� �T�h�i�s� �w�a�s� �a� �p�o�s�s�i�b�l�e� �s�i�g�n
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�o�f� �m�u�s�c�u�l�a�r� �n�e�c�r�o�s�i�s� �a�n�d� �m�a�y� �h�a�v�e� �b�e�e�n� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �m�u�s�c�u�l�a�r� 

�i�n�j�u�r�y� �d�u�e� �t�o� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e�.� �T�h�e�r�e� �w�a�s� �a� �s�i�m�i�l�a�r� �r�e�p�o�r�t� �(�P�e�r�k�o�f�f� 

�e�t� �a�l�.� �1�9�6�9�)� �w�h�i�c�h� �i�n�d�i�c�a�t�e�d� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e� �c�a�u�s�e�d� �a�n� �i�n�c�r�e�a�s�e� �o�f� 

�C�P�K� �i�n� �d�o�g�s�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t�e�d� �p�o�s�s�i�b�l�e� �c�o�n�c�e�a�l�e�d� �m�u�s�c�l�e� �d�a�m�a�g�e� 

�a�n�d� �i�n�c�r�e�a�s�e�d� �m�u�s�c�l�e� �p�e�r�m�e�a�b�i�l�i�t�y�.� �D�u�e� �t�o� �t�h�e�s�e� �f�a�c�t�o�r�s�,� �t�h�e�r�e� �c�o�u�l�d� 

�b�e� �a� �r�e�l�e�a�s�e� �o�f� �i�n�t�r�a�c�e�l�l�u�l�a�r� �s�u�b�s�t�a�n�c�e�s� �i�n�t�o� �t�h�e� �c�i�r�c�u�l�a�t�i�o�n� �a�n�d� 

�c�o�n�s�e�q�u�e�n�t� �c�h�a�n�g�e�s� �i�n� �o�t�h�e�r� �p�a�r�a�m�e�t�e�r�s�.� 

�P�o�s�s�i�b�l�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �e�x�i�s�t� �d�u�e� �t�o� �t�h�e� �t�i�m�e� �o�f� �d�a�y� 

�i�n� �w�h�i�c�h� �t�h�e� �a�n�i�m�a�l� �w�a�s� �s�a�m�p�l�e�d�.� �U�n�s�h�e�l�m� �(�1�9�6�8�)� �n�o�t�e�d� �s�i�g�n�i�f�i�c�a�n�t� �d�i�u�r�n�a�l� 

�v�a�r�i�a�t�i�o�n� �i�n� �P�C�V�,� �H�b�,� �a�n�d� �R�B�C� �c�o�u�n�t� �i�n� �c�a�t�t�l�e�.� �D�i�u�r�n�a�l� �v�a�r�i�a�t�i�o�n� �i�n� 

�b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �w�h�e�n� �d�e�s�i�g�n�i�n�g� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s�.� 

�S�u�z�u�k�i� �e�t� �a�l�.� �(�1�9�6�8�)� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �p�h�y�s�i�c�a�l� �r�e�s�t�r�a�i�n�t� 

�o�n� �t�h�e� �l�e�v�e�l�s� �o�f� �1�7�-�h�y�d�r�o�x�y�c�o�r�t�i�c�o�s�t�e�r�o�i�d�s� �(�1�7�-�O�H�C�S�)� �i�n� �d�o�g�s�.� �T�h�e�y� 

�r�e�p�o�r�t�e�d� �a� �d�r�a�m�a�t�i�c� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �l�e�v�e�l� �o�f� �1�7�-�O�H�C�S� �i�n� �u�n�a�n�e�s�t�h�e�t�i�z�e�d� 

�r�e�s�t�r�a�i�n�e�d� �d�o�g�s�.� �T�h�o�s�e� �d�o�g�s� �r�e�c�e�i�v�i�n�g� �a�n�e�s�t�h�e�s�i�a� �d�i�d� �n�o�t� �e�x�h�i�b�i�t� 

�t�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �1�7�-�O�H�C�S�.� �O�n�c�e� �t�h�e� �d�o�g�s� �w�e�r�e� �r�e�l�e�a�s�e�d� �f�r�o�m� �r�e�s�t�r�a�i�n�t�,� 

�t�h�e� �1�7�-�O�H�C�S� �l�e�v�e�l� �r�e�t�u�r�n�e�d� �t�o� �n�o�r�m�a�l� �i�n� �3�0� �t�o� �6�0� �m�i�n�u�t�e�s�.� 

�B�o�n�d� �(�1�9�6�9�)� �f�o�u�n�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�r�o�p� �i�n� �m�e�a�n� �o�p�e�r�a�t�i�v�e� �b�l�o�o�d� 

�p�r�e�s�s�u�r�e� �a�n�d� �H�b� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �h�u�m�a�n�s� �w�h�i�c�h� �h�a�d� �r�e�c�e�i�v�e�d� �e�i�t�h�e�r� 

�h�a�l�o�t�h�a�n�e� �p�l�u�s� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e�,� �o�r� �l�u�m�b�a�r� �e�p�i�d�u�r�a�l� �b�l�o�c�k�,� �h�a�l�o�t�h�a�n�e�,� 

�p�l�u�s� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e�.� �R�e�s�u�l�t�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �f�a�l�l�s� �i�n� �b�l�o�o�d� �p�r�e�s�s�u�r�e� 

�p�r�e�c�e�d�e�d� �f�a�l�l�s� �i�n� �H�b� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �S�e�r�u�m� �p�r�o�t�e�i�n� �l�e�v�e�l�s� �s�u�p�p�o�r�t�e�d� 

�t�h�e� �s�u�g�g�e�s�t�i�o�n� �t�h�a�t� �h�e�m�o�d�i�l�u�t�i�o�n� �o�c�c�u�r�r�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �t�h�e� 

�h�y�p�o�t�e�n�s�i�o�n� �c�a�u�s�e�d� �b�y� �c�e�r�t�a�i�n� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �a�n�e�s�t�h�e�t�i�c� �d�r�u�g�s�.� �D�r�u�g�s� 

�w�h�i�c�h� �l�e�a�d� �t�o� �a� �l�o�w�e�r�e�d� �b�l�o�o�d� �p�r�e�s�s�u�r�e� �m�a�y� �t�h�e�r�e�f�o�r�e� �b�e� �s�u�s�p�e�c�t�e�d� �t�o
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�c�a�u�s�e� �S�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e�s� �i�n� �b�l�o�o�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �d�u�e� �t�o� 

�h�a�e�m�o�d�i�l�u�t�i�o�n�.� 

�B�i�g�h�o�r�n� �s�h�e�e�p� �w�e�r�e� �c�a�p�t�u�r�e�d� �b�y� �F�r�a�n�z�m�a�n�n� �a�n�d� �T�h�o�r�n�e� �(�1�9�7�0�)� �w�i�t�h� 

�t�h�e� �p�o�w�e�r�f�u�l� �m�o�r�p�h�i�n�e�~�l�i�k�e� �d�r�u�g� �M�-�9�9�.� �T�h�e�y� �w�e�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �t�h�e� �d�r�u�g�,� �h�a�n�d�l�i�n�g� �a�n�d� �c�a�p�t�i�v�i�t�y� �o�n� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s�.� 

�M�-�9�9� �c�a�u�s�e�d� �v�e�r�y� �l�i�t�t�l�e� �a�p�p�a�r�e�n�t� �e�x�c�i�t�e�m�e�n�t� �i�n� �t�h�e� �s�h�e�e�p� �a�n�d� �a�p�p�e�a�r�e�d� 

�t�o� �b�e� �a�n� �e�x�c�e�l�l�e�n�t� �d�r�u�g� �f�o�r� �g�a�t�h�e�r�i�n�g� �p�h�y�s�i�o�l�o�g�i�e� �d�a�t�a�.� �T�h�e�y� �f�o�u�n�d� 

�n�o�n�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �P�C�V� �v�a�l�u�e�s�,� �t�o�t�a�l� �p�r�o�t�e�i�n�s� �o�r� �H�B� �d�u�r�i�n�g� 

�t�h�e� �t�h�r�e�e� �t�r�e�a�t�m�e�n�t�s�.� �G�l�u�c�o�s�e� �a�n�d� �B�U�N� �v�a�l�u�e�s� �d�i�d� �a�p�p�e�a�r� �d�i�f�f�e�r�e�n�t�.� 

�R�e�s�u�l�t�s� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �A�t� �C�a�p�t�u�r�e� �A�f�t�e�r� �H�a�n�d�l�i�n�g� �A�f�t�e�r� �C�a�p�t�i�v�i�t�y� 
�M�e�a�s�u�r�e�m�e�n�t� �3�/�1�2�/�7�0� �- �� �M�-�9�9� �3�/�1�4�/�7�0� �3�/�2�6�/�7�0� 

�T�o�t�a�l� �P�r�o�t�e�i�n� �5�.�6�4� �1�.�4� �6�.�2� �+� �1�.�7� �6�.�1� �+� �0�.�6� 
�(�g�/�1�0�0� �m�l�)� 

�P�C�V� �w�u�.�o� �+� �6�.�2� �4�7�.�5� �£� �1�.�7� �W�h�e� �+� �3�.�3� 

�H�e�m�o�g�l�o�b�i�n� �1�7�.�8� �+� �3�.�4� �1�9�.�3� �+� �1�.�1� �1�6�.�9� �+� �2�.�8� 
�(�g�/�1�0�0� �m�1�)� 

�B�U�N� �8�.�7� �+� �3�.�3� �2�2�.�4�4� �4�.�7� �2�2�.�6� �+� �4�.�6� 
�(�m�g�/�1�0�0� �m�1�)� 

�G�l�u�c�o�s�e� �8�8�.�0� �+� �1�5� �1�0�5�.�0� �+� �1�3� �1�4�3�.�0� �+� �3�3� 
�(�m�g�/�1�0�0� �m�1�)� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �g�l�u�c�o�s�e� �w�e�r�e� �s�u�g�g�e�s�t�e�d� �t�o� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �e�x�c�i�t�e�-� 

�m�e�n�t� �d�u�e� �t�o� �h�a�n�d�l�i�n�g�.� �T�h�e� �c�h�a�n�g�e�s� �i�n� �B�U�N� �w�e�r�e� �p�r�o�b�a�b�l�y� �d�u�e� �m�o�r�e� �t�o� 

�t�h�e� �c�h�a�n�g�e� �i�n� �d�i�e�t� �t�h�a�n� �a�n� �e�f�f�e�c�t� �d�u�e� �t�o� �t�h�e� �d�r�u�g�,� �F�r�a�n�z�m�a�n�n� �(�1�9�7�1�)� 

�c�o�m�p�a�r�e�d� �v�a�r�i�o�u�s� �p�h�y�s�i�o�l�o�g�i�c� �v�a�l�u�e�s� �o�f� �c�a�p�t�i�v�e� �a�n�d� �w�i�l�d� �b�i�g�h�o�r�n� �s�h�e�e�p�.� 

�H�e� �a�t�t�e�m�p�t�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �a�n�i�m�a�l�'�s� �s�t�a�t�e� �o�f� �e�x�c�i�t�e�m�e�n�t�.� �C�a�p�t�i�v�e
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�s�h�e�e�p� �w�e�r�e� �n�e�v�e�r� �a�b�o�v�e� �m�o�d�e�r�a�t�e� �e�x�c�i�t�e�m�e�n�t�,� �w�h�i�l�e� �t�h�e� �w�i�l�d� �s�h�e�e�p� �w�e�r�e� 

�c�o�n�s�i�s�t�e�n�t�l�y� �e�x�c�i�t�e�d�.� �H�e� �r�e�p�o�r�t�e�d� �s�i�m�i�l�a�r� �v�a�l�u�e�s� �f�o�r� �c�a�p�t�i�v�e� �a�n�d� 

�w�i�l�d� �s�h�e�e�p� �f�o�r� �B�U�N�,� �c�h�o�l�e�s�t�r�o�l�,� �P�C�V�,� �t�o�t�a�l� �p�r�o�t�e�i�n�s�,� �a�n�d� �H�b�,� �w�h�i�l�e� 

�t�h�e�r�e� �w�a�s� �a� �d�i�s�s�i�m�i�l�a�r�i�t�y� �b�e�t�w�e�e�n� �S�G�O�T�,� �g�l�u�c�o�s�e�,� �a�n�d� �r�e�c�t�a�l� �t�e�m�p�e�r�-� 

�a�t�u�r�e�.� �S�o�m�e� �o�f� �t�h�e�s�e� �v�a�l�u�e�s� �w�e�r�e�:� 

�C�a�p�t�i�v�e� �|� �W�i�l�d� 

�G�l�u�c�o�s�e� �1�2�4�.�9� �+� �5�9�.�6� �1�6�4� �+� �7�0�.�8� 

�B�U�N� �2�4�.�8� �+� �1�4�.�9� �2�3�.�5� �+� �8�.�3� 

�P�C�V� �4�5�.�3�4� �7�.�9� �4�5�.�1� �+� �4�.�8� 

�T�o�t�a�l� �P�r�o�t�e�i�n� �6�.�3� �+� �1�.�4� �6�.�8� �+� �1�.�6� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �d�a�t�a� �o�n� �c�e�r�t�a�i�n� �b�l�o�o�d� �c�o�n�s�t�i�t�u�e�n�t�s� �b�e�t�-� 

�w�e�e�n� �c�a�p�t�i�v�e� �a�n�d� �w�i�l�d� �d�e�e�r� �s�h�o�u�l�d� �b�e� �u�n�d�e�r�t�a�k�e�n� �w�i�t�h� �c�a�u�t�i�o�n�.� 

�I�n� �a� �l�a�t�e�r� �s�t�u�d�y�,� �F�r�a�n�z�m�a�n�n� �(�1�9�7�2�)� �c�l�a�s�s�i�f�i�e�d� �i�n�d�i�v�i�d�u�a�l� �s�h�e�e�p� 

�b�y� �d�e�g�r�e�e�s� �o�f� �e�x�c�i�t�e�m�e�n�t� �b�a�s�e�d� �o�n� �o�b�j�e�c�t�i�v�e� �v�a�l�u�e�s� �s�u�c�h� �a�s� �h�e�a�r�t� �r�a�t�e�,� 

�r�e�s�p�i�r�a�t�o�r�y� �r�a�t�e�,� �a�n�d� �r�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e�.� �E�a�c�h� �i�n�d�i�v�i�d�u�a�l� �w�a�s� �c�l�a�s�-� 

�s�i�f�i�e�d� �i�n�t�o� �o�n�e� �o�f� �f�i�v�e� �c�l�a�s�s�e�s� �o�f� �e�x�c�i�t�a�b�i�l�i�t�y�-�-�n�o�t� �e�x�c�i�t�e�d�,� �s�l�i�g�h�t�l�y� 

�e�x�c�i�t�e�d�,� �m�o�d�e�r�a�t�e�l�y� �e�x�c�i�t�e�d�,� �e�x�c�i�t�e�d�,� �a�n�d� �h�i�g�h�l�y� �e�x�c�i�t�e�d�.� �H�e� �c�o�n�-� 

�c�l�u�d�e�d� �t�h�a�t� �s�u�c�h� �c�l�a�s�s�e�s� �o�f� �e�x�c�i�t�a�b�i�l�i�t�y� �c�o�u�l�d� �b�e� �a� �r�e�a�l�i�s�t�i�c� �a�i�d� �i�n� 

�t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �b�l�o�o�d� �d�a�t�a�.� �H�e� �t�e�s�t�e�d� �f�o�r� �t�h�e� �a�m�o�u�n�t� �o�f� 

�v�a�r�i�a�t�i�o�n� �c�a�u�s�e�d� �b�y� �v�a�r�i�o�u�s� �s�o�u�r�c�e�s� �s�u�c�h� �a�s� �e�x�c�i�t�a�b�i�l�i�t�y�,� �s�u�b�s�p�e�c�i�e�s�,� 

�h�a�b�i�t�a�t�,� �e�t�c�.�,� �a�n�d� �f�o�u�n�d� �t�h�a�t� �o�n�l�y� �B�U�N�,� �p�h�o�s�p�h�o�r�o�u�s�,� �a�n�d� �m�a�g�n�e�s�i�u�m� 

�l�e�v�e�l�s� �d�i�d� �n�o�t� �h�a�v�e� �e�x�c�i�t�a�b�i�l�i�t�y� �a�s� �t�h�e� �p�r�i�m�a�r�y� �s�o�u�r�c�e� �o�f� �v�a�r�i�a�t�i�o�n�.� 

�A�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� 

�s�h�e�e�p� �i�n� �t�h�e� �f�i�v�e� �e�x�c�i�t�a�b�i�l�i�t�y� �c�l�a�s�s�e�s� �i�s� �i�n�c�l�u�d�e�d� �b�e�l�o�w�:



�3�8� 

�E�x�c�i�t�e�m�e�n�t� �R�e�c�t�a�l� 
�C�l�a�s�s� �n� �T�e�m�p�.� �C� �G�l�u�c�o�s�e� �C�h�o�l�e�s�t�r�o�l� 

�H�i�g�h�l�y� �e�x�c�i�t�e�d� �5�4� �4�0�.�9� �2�1�9�.�1� �9�6�.�4� 

�E�x�c�i�t�e�d� �3�7� �h�o�w�d� �1�8�2�.�5� �9�5�.�9� 

�M�o�d�e�r�a�t�e� �8�0� �3�9�.�4� �1�5�6�.�0� �7�3�.�7� 

�S�l�i�g�h�t� �3�8� �3�8�.�4� �9�1�.�4� �8�8�.�0� 

�N�o�n�e� �1�1� �3�8�.�4� �9�0�.�5� �7�1�.�4� 

�F�r�a�n�z�m�a�n�n�'�s� �(�1�9�7�2�)� �a�p�p�r�o�a�c�h� �a�p�p�e�a�r�s� �t�o� �b�e� �a�n� �i�n�n�o�v�a�t�i�v�e� �a�l�t�e�r�n�a�t�i�v�e� 

�t�o� �a�s�s�i�s�t� �i�n� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �w�i�l�d� �a�n�i�m�a�l� �p�h�y�s�i�o�l�o�g�i�c�a�l� �d�a�t�a�.� 

�S�e�x� �h�o�r�m�o�n�e� �l�e�v�e�l�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �v�a�r�y� �i�n� �r�u�m�i�n�a�n�t�s� �b�o�t�h� 

�d�i�u�r�n�a�l�l�y� �a�n�d� �w�h�e�n� �a�n�i�m�a�l�s� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �v�a�r�i�o�u�s� �f�o�r�m�s� �o�f� �s�t�r�e�s�s�.� 

�S�w�a�n�s�o�n� �e�t� �a�l�.� �(�1�9�7�1�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �l�e�v�e�l�s� �o�f� �t�e�s�t�o�s�t�e�r�o�n�e� �i�n�c�r�e�a�s�e�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �(�P� �<� �0�.�0�5�)� �a�t� �s�l�a�u�g�h�t�e�r� �i�n� �H�e�r�e�f�o�r�d� �b�u�l�l�s�.� �T�h�e� �s�t�r�e�s�s� 

�b�e�f�o�r�e� �s�l�a�u�g�h�t�e�r� �w�a�s� �f�o�u�n�d� �t�o� �a�l�t�e�r� �b�o�t�h� �s�e�r�u�m� �a�n�d�r�o�g�e�n�s� �a�n�d� �s�e�r�u�m� 

�g�o�n�a�d�o�t�r�o�p�h�i�n�s�.� �C�y�c�l�i�c�a�l�,� �p�u�l�s�a�t�i�n�g� �r�h�y�t�h�m�s� �w�i�t�h�i�n� �a� �2�4� �h�o�u�r� �p�e�r�i�o�d� 

�h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �f�o�r� �a�n�d�r�o�g�e�n� �a�n�d� �L�H� �l�e�v�e�l�s� �i�n� �b�o�t�h� �t�h�e� �b�u�l�l� �a�n�d� �t�h�e� 

�r�a�m�.� �K�a�t�o�n�g�o�l�e� �e�t� �a�l�.� �(�1�9�7�1�)� �d�i�s�c�o�v�e�r�e�d� �5� �t�o� �1�0� �p�e�a�k�s� �w�i�t�h�i�n� �a� �2�4� �h�o�u�r� 

�p�e�r�i�o�d� �f�o�r� �b�o�t�h� �L�H� �a�n�d� �t�e�s�t�o�s�t�e�r�o�n�e� �i�n� �t�h�e� �b�u�l�l�.� �E�a�c�h� �L�H� �p�e�a�k� �w�a�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �t�e�s�t�o�s�t�e�r�o�n�e� �p�e�a�k�.� �T�e�s�t�o�s�t�e�r�o�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�v�a�r�i�e�d� �f�r�o�m� �2� �t�o� �2�0� �n�g�/�m�l� �b�e�t�w�e�e�n� �t�h�e� �p�e�a�k� �a�n�d� �t�r�o�u�g�h�.� �T�h�e�s�e� �c�y�c�l�i�c�a�l� 

�p�a�t�t�e�r�n�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �i�n�h�e�r�e�n�t� �r�h�y�t�h�m�s� �w�i�t�h�i�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l�s�.� 

�P�e�a�k�s� �l�a�s�t�e�d� �l�e�s�s� �t�h�a�n� �1� �h�o�u�r� �i�n� �s�o�m�e� �b�u�l�l�s� �a�n�d� �l�o�n�g�e�r� �i�n� �o�t�h�e�r�s�.� 

�M�a�x�i�m�a�l� �v�a�r�i�a�t�i�o�n�s� �w�e�r�e� �r�e�c�o�r�d�e�d� �i�n� �a�s� �l�i�t�t�l�e� �a�s� �1� �h�o�u�r�.� 

�B�l�o�o�d� �w�a�s� �s�a�m�p�l�e�d� �a�t� �2�0� �m�i�n�u�t�e� �i�n�e�r�v�a�l�s� �i�n� �t�h�e� �r�a�m� �b�y� �S�a�n�f�o�r�d� 

�e�t� �a�l�.� �(�1�9�7�4�)�.� �D�u�r�i�n�g� �a� �2�4� �h�o�u�r� �p�e�r�i�o�d�,� �e�a�c�h� �r�a�m� �e�x�h�i�b�i�t�e�d� �3�-�7� �L�H� 

�p�e�a�k�s�,� �a�n�d� �w�i�t�h�i�n� �1� �h�o�u�r� �f�o�l�l�o�w�i�n�g� �e�a�c�h� �L�H� �p�e�a�k� �t�h�e�r�e� �w�a�s� �a� �p�e�a�k� �i�n



�3�9� 

�t�e�s�t�o�s�t�e�r�o�n�e�.� �T�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �a�m�o�n�g� �r�a�m�s� �L�H� �r�e�l�e�a�s�e� �w�a�s� 

�o�c�c�u�r�r�i�n�g� �a�t� �r�a�n�d�o�m�,� �w�h�i�l�e� �w�i�t�h�i�n� �e�a�c�h� �r�a�m� �t�h�e� �r�e�l�e�a�s�e� �i�n�t�e�r�v�a�l�s� �w�e�r�e� 

�v�e�r�y� �r�e�g�u�l�a�r�.� �W�i�t�h�i�n� �a� �g�i�v�e�n� �h�a�l�f� �h�o�u�r� �i�n�t�e�r�v�a�l�,� �t�h�e�r�e� �c�o�u�l�d� �o�c�c�u�r� 

�d�r�a�s�t�i�c� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�o�t�h� �L�H� �a�n�d� �t�e�s�t�o�s�t�e�r�o�n�e� �a�s� �t�h�e� �p�u�l�s�e�s� �p�e�a�k�e�d� 

�a�n�d� �f�e�l�l� �r�a�p�i�d�l�y�.� 

�G�w�a�z�d�a�u�s�k�a�s� �e�t� �a�l�.� �(�1�9�7�2�)� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� 

�A�C�T�H� �i�n�j�e�c�t�i�o�n� �i�n� �H�o�l�s�t�e�i�n� �c�o�w�s�.� �B�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �f�r�o�m� �i�n�-� 

�d�w�e�l�l�i�n�g� �j�u�g�u�l�a�r� �c�a�t�h�e�t�e�r�s� �w�h�i�c�h� �m�i�n�i�m�i�z�e� �c�h�a�n�c�e�s� �o�f� �s�t�r�e�s�s� �o�n� �t�h�e� 

�a�n�i�m�a�l�s�.� �T�h�e�y� �s�a�m�p�l�e�d� �b�l�o�o�d� �a�t� �6�0� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �a�n�d� �i�m�m�e�d�i�a�t�e�l�y� �b�e�-� 

�f�o�r�e� �t�h�e� �i�n�j�e�c�t�i�o�n� �o�f� �A�C�T�H�.� �B�l�o�o�d� �w�a�s� �t�a�k�e�n� �a�t� �5�,� �1�5�,� �3�0�,� �4�5�,� �6�0�,� 

�1�2�0�,� �1�8�0�,� �a�n�d� �2�4�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� �L�e�v�e�l�s� �o�f� �c�o�r�t�i�s�o�l�,� 

�c�o�r�t�i�c�o�s�t�e�r�o�n�e�,� �a�n�d� �p�r�o�g�e�s�t�e�r�o�n�e� �w�e�r�e� �m�e�a�s�u�r�e�d� �i�n� �t�h�e�s�e� �s�a�m�p�l�e�s�.� 

�C�o�r�t�i�s�o�l� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �t�h�e� �m�a�i�n� �a�d�r�e�n�a�l� �h�o�r�m�o�n�e� �i�n� �c�a�t�t�l�e�.� �T�h�e�y� 

�r�e�p�o�r�t�e�d� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e�s� �i�n� �c�o�r�t�i�s�o�l� �a�n�d� �c�o�r�t�i�c�o�s�t�e�r�o�n�e� �i�n� �j�u�s�t� 

�5� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �o�f� �A�C�T�H�,� �w�h�i�c�h� �t�h�e�n� �r�e�m�a�i�n�e�d� �a�t� �h�i�g�h� �l�e�v�e�l�s� 

�f�o�r� �t�h�e� �e�n�t�i�r�e� �2�4�0� �m�i�n�u�t�e�s�.� �P�r�o�g�e�s�t�e�r�o�n�e� �w�a�s� �a�l�s�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�-� 

�c�r�e�a�s�e�d� �w�i�t�h�i�n� �1�5� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �i�n�j�e�c�t�i�o�n�.� �T�h�e�s�e� �v�a�l�u�e�s� �r�e�m�a�i�n�e�d� 

�h�i�g�h� �u�n�t�i�l� �6�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �i�n�j�e�c�t�i�o�n�.� �P�r�o�g�e�s�t�e�r�o�n�e� �i�n�c�r�e�a�s�e�d� 

�a�n� �a�v�e�r�a�g�e� �o�f� �2�.�5� �n�g�/�m�l� �a�f�t�e�r� �A�C�T�H� �i�n�j�e�c�t�i�o�n�,� �b�u�t� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� 

�r�e�s�p�o�n�s�e� �v�a�r�i�e�d� �g�r�e�a�t�l�y� �a�m�o�n�g� �c�o�w�s�.� �T�h�i�s� �r�e�p�o�r�t� �d�i�d� �n�o�t� �d�i�f�f�e�r�e�n�t�i�a�t�e� 

�t�h�e� �s�o�u�r�c�e� �o�f� �t�h�e� �p�r�o�g�e�s�t�e�r�o�n�e�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �s�i�n�c�e� �A�C�T�H� �i�n�c�r�e�a�s�e�d� 

�t�h�e� �l�e�v�e�l� �o�f� �p�l�a�s�m�a� �p�r�o�g�e�s�t�e�r�o�n�e� �a�n�d� �s�i�n�c�e� �t�h�e� �a�d�r�e�n�a�l� �i�s� �t�h�e� �p�r�i�m�a�r�y� 

�t�a�r�g�e�t� �o�f� �A�C�T�H�,� �t�h�e� �p�r�o�g�e�s�t�e�r�o�n�e� �w�a�s� �p�r�o�b�a�b�l�y� �o�f� �a�d�r�e�n�a�l� �o�r�i�g�i�n�.� 

�T�h�e� �A�C�T�H� �p�r�e�p�a�r�a�t�i�o�n� �w�a�s� �p�r�e�s�u�m�e�d� �p�u�r�e� �a�n�d� �f�r�e�e� �o�f� �a�n�y� �l�e�u�t�e�n�i�z�i�n�g� 

�a�c�t�i�v�i�t�y�.� 

�A� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �p�h�e�n�c�y�c�l�i�d�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �(�S�e�r�n�y�l�a�n�)� �a�n�d



�4�O� 

�p�r�o�m�a�z�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �w�e�r�e� �u�s�e�d� �b�y� �S�e�a�l� �e�t� �a�l�.� �(�1�9�7�2�a�)� �t�o� �e�x�a�m�i�n�e� 

�t�h�e� �p�o�s�s�i�b�l�e� �e�f�f�e�c�t�s� �o�f� �a� �d�r�u�g� �o�n� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �b�l�o�o�d� �c�o�n�s�t�i�t�u�e�n�t�s� 

�(�T�a�b�l�e� �1�)�.� �T�h�e�y� �a�l�s�o� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t�.� �T�h�e�s�e� 

�e�f�f�e�c�t�s� �c�a�n� �a�l�s�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �a� �r�e�l�a�t�e�d� �p�a�p�e�r� �b�y� �S�e�a�l� �e�t� �a�l�.� 

�(�1�9�7�2�b�;� �T�a�b�l�e� �1�)�.� �T�h�e�y� �r�e�p�o�r�t�e�d� �c�h�a�n�g�e�s� �i�n� �b�l�o�o�d� �v�a�l�u�e�s�,� �w�h�i�c�h� 

�s�u�g�g�e�s�t�e�d� �t�o� �t�h�e�m� �t�h�e� �o�c�c�u�r�r�a�n�c�e� �o�f� �h�e�m�o�d�i�l�u�t�i�o�n� �b�y� �t�h�e� �e�x�p�a�n�s�i�o�n� �o�f� 

�p�l�a�s�m�a� �v�o�l�u�m�e� �w�i�t�h� �e�x�t�r�a�c�e�l�l�u�l�a�r� �f�l�u�i�d�s�.� �D�e�l�a�y�e�d� �e�f�f�e�c�t�s� �o�f� �h�a�n�d�l�i�n�g� 

�(�w�h�e�n� �n�o� �d�r�u�g�s� �w�e�r�e� �u�s�e�d�)� �w�e�r�e� �a�p�p�a�r�e�n�t� �2�4� �h�o�u�r�s� �a�f�t�e�r�w�a�r�d�s�.� �M�a�n�u�a�l� 

�r�e�s�t�r�a�i�n�t� �w�a�s� �s�u�g�g�e�s�t�e�d� �t�o� �c�a�u�s�e� �b�o�t�h� �h�e�m�o�d�i�l�u�t�i�o�n� �a�n�d� �g�r�e�a�t�l�y� �i�n�-� 

�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �s�e�r�u�m� �e�n�z�y�m�e�s�.� �T�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�i�s� �c�o�u�l�d� �b�e� 

�i�n�d�i�c�a�t�i�v�e� �o�f� �t�i�s�s�u�e� �d�a�m�a�g�e� �o�r� �l�e�a�k�y� �m�u�s�c�l�e� �c�e�l�l� �m�e�m�b�r�a�n�e�s�.� 

�W�i�t�h� �d�r�u�g�g�e�d� �d�e�e�r� �t�h�e�y� �n�o�t�e�d� �d�e�c�r�e�a�s�e�s� �i�n� �H�b�,� �R�B�C�,� �a�n�d� �P�C�V� �w�i�t�h� 

�n�o� �c�h�a�n�g�e� �i�n� �m�e�a�n� �c�o�r�p�u�s�c�u�l�a�r� �v�o�l�u�m�e�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e�r�e� �w�a�s� �a� 

�d�e�c�r�e�a�s�e� �i�n� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �a�n�d� �f�i�b�r�i�n�o�g�e�n�.� �T�h�e� �e�v�i�d�e�n�c�e� �i�n�d�i�-� 

�c�a�t�e�d� �t�o� �S�e�a�l� �e�t� �a�l�.� �(�1�9�7�2�a�)� �a� �p�o�s�s�i�b�l�e� �d�e�c�r�e�a�s�e� �i�n� �r�e�d� �c�e�l�l� �m�a�s�s�,� �o�r� 

�m�o�r�e� �l�i�k�e�l�y� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�l�a�s�m�a� �v�o�l�u�m�e�,� �w�i�t�h� �n�o� �c�h�a�n�g�e� �i�n� �c�i�r�c�u�l�a�t�i�n�g� 

�r�e�d� �c�e�l�l� �m�a�s�s�.� �T�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �a� �s�p�l�e�n�i�c� �c�o�n�t�r�i�b�u�t�i�o�n� �w�a�s� �n�o�t� 

�a�d�e�q�u�a�t�e�l�y� �c�o�n�s�i�d�e�r�e�d� �o�r� �d�i�s�c�u�s�s�e�d� �b�y� �t�h�e� �a�u�t�h�o�r�s�.� �T�h�e� �d�a�t�a� �c�o�u�l�d� 

�b�e� �i�n�t�e�r�p�r�e�t�e�d� �m�o�r�e� �f�u�l�l�y� �a�n�d� �p�r�o�b�a�b�l�y� �m�o�r�e� �a�c�c�u�r�a�t�e�l�y� �b�y� �c�o�n�s�i�d�e�r�i�n�g� 

�e�i�t�h�e�r� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �s�p�l�e�n�i�c� �a�c�t�i�o�n� �a�n�d� �c�h�a�n�g�e�s� �i�n� �p�l�a�s�m�a� �v�o�l�u�m�e�,� 

�o�r� �j�u�s�t� �s�p�l�e�n�i�c� �a�c�t�i�o�n� �a�l�o�n�e�.� �T�h�e�y� �f�o�u�n�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� 

�B�U�N�.� �G�l�u�c�o�s�e� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �b�l�o�o�d� �s�a�m�p�l�e�s� �t�a�k�e�n� 

�b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �d�r�u�g� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �f�r�o�m� �3� �m�a�l�e�s�,� �b�u�t� �w�a�s� �n�o�t� �d�i�f�f�e�r�-� 

�e�n�t� �b�e�t�w�e�e�n� �s�a�m�p�l�e�s� �f�r�o�m� �4� �f�e�m�a�l�e�s� �s�i�m�i�l�a�r�i�l�y� �t�r�e�a�t�e�d�.� �T�h�e�y� �c�o�n�s�i�d�e�r�e�d� 

�c�h�a�n�g�e�s� �i�n� �g�l�u�c�o�s�e� �t�o� �b�e� �d�u�e� �t�o� �h�a�n�d�l�i�n�g� �s�t�r�e�s�s�.



�4�1� 

�T�h�e� �d�a�t�a� �r�e�p�o�r�t�e�d� �b�y� �S�e�a�l� �e�t� �a�l�.� �(�1�9�7�2�a�)� �w�e�r�e� �s�o�m�e�w�h�a�t� �d�i�f�f�i�c�u�l�t� 

�t�o� �i�n�t�e�r�p�r�e�t� �a�n�d� �v�a�r�i�o�u�s� �c�o�u�n�t�e�r� �r�e�m�a�r�k�s� �a�r�e� �o�b�v�i�o�u�s�.� �O�n�e� �d�i�f�f�i�c�u�l�t�y� 

�a�r�o�s�e� �f�r�o�m� �a�n� �e�x�t�r�e�m�e�l�y� �s�m�a�l�l� �s�a�m�p�l�e� �s�i�z�e� �o�n� �w�h�i�c�h� �m�a�n�y� �c�o�n�c�l�u�s�i�o�n�s� 

�w�e�r�e� �b�a�s�e�d�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �n�o�t� �r�e�p�l�i�c�a�t�e�d�.� �T�h�e� �a�n�i�m�a�l�s� �e�x�a�m�i�n�e�d� 

�c�a�m�e� �f�r�o�m� �v�a�r�i�o�u�s� �p�e�n�n�e�d� �a�n�d� �w�i�l�d� �c�o�n�d�i�t�i�o�n�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� 

�d�e�e�r� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �v�a�r�i�a�b�l�e� �a�n�d� �e�x�t�r�e�m�e�l�y� �s�t�r�e�s�s�f�u�l� �s�i�t�u�a�t�i�o�n�s� 

�b�e�f�o�r�e� �b�e�i�n�g� �d�r�u�g�g�e�d� �o�r� �r�e�s�t�r�a�i�n�e�d�.� �T�h�e� �a�u�t�h�o�r�s� �q�u�e�s�t�i�o�n�e�d� �w�h�e�t�h�e�r� 

�n�o�r�m�a�l� �o�r� �r�e�s�t�i�n�g� �b�a�s�e�l�i�n�e� �d�a�t�a� �f�o�r� �m�a�n�y� �a�s�s�a�y�s� �c�o�u�l�d� �b�e� �o�b�t�a�i�n�e�d� �b�y� 

�t�h�e�s�e� �s�a�m�p�l�i�n�g� �t�e�c�h�n�i�q�u�e�s�,� �y�e�t� �t�h�e�y� �u�s�e�d� �b�o�t�h� �s�a�m�p�l�i�n�g� �m�e�t�h�o�d�s� �f�o�r� 

�d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �i�n� �t�h�e� �a�c�c�o�m�p�a�n�y�i�n�g� �p�a�p�e�r� �(�S�e�a�l� �e�t� �a�l�.� �1�9�7�2�b�;� �T�a�b�l�e� �1�)�.� 

�T�h�e�y� �q�u�e�s�t�i�o�n�e�d� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �c�o�m�p�a�r�i�n�g� �s�t�u�d�i�e�s� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� 

�t�e�c�h�n�i�q�u�e�s� �f�o�r� �h�a�n�d�l�i�n�g� �a�n�i�m�a�l�s�.� �T�h�e� �a�u�t�h�o�r�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �a�l�l� 

�s�a�m�p�l�i�n�g� �m�e�t�h�o�d�s� �b�e� �k�e�p�t� �a�s� �c�o�n�s�i�s�t�e�n�t� �a�s� �p�o�s�s�i�b�l�e� �t�h�r�o�u�g�h�o�u�t� �e�x�-� 

�p�e�r�i�m�e�n�t�a�t�i�o�n�.� 

�E�v�i�d�e�n�c�e� �r�e�p�o�r�t�e�d� �b�y� �P�r�e�s�i�d�e�n�t�e� �e�t� �a�l�.� �(�1�9�7�3�)� �w�i�t�h� �w�h�i�t�e�-�t�a�i�l�e�d� 

�d�e�e�r� �f�a�w�n�s� �a�l�s�o� �i�n�d�i�c�a�t�e�d� �c�h�a�n�g�e�s� �i�n� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �d�u�e� �t�o� �d�r�u�g�s�.� 

�M�-�9�9� �w�a�s� �u�s�e�d� �a�n�d� �a�n�i�m�a�l�s� �w�e�r�e� �b�l�e�d� �a�f�t�e�r� �b�e�i�n�g� �d�r�u�g�g�e�d� �(�D�a�y� �0�)�.� �O�n� 

�t�h�e� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�e�e�n�t�h� �d�a�y� �a�f�t�e�r� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �t�h�e� �d�e�e�r� �w�e�r�e� �b�l�e�d� 

�a�g�a�i�n� �d�u�r�i�n�g� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t�.� �S�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �w�e�r�e� �n�o�t�e�d� �b�e�t�w�e�e�n� 

�R�B�C� �c�o�u�n�t�s�,� �P�C�V�,� �a�n�d� �H�b� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �A�l�l� �o�f� �t�h�e�s�e� �v�a�l�u�e�s� �d�e�c�r�e�a�s�e�d� 

�w�h�e�n� �d�e�e�r� �w�e�r�e� �i�m�m�o�b�i�l�i�z�e�d�.� �T�h�e� �a�u�t�h�o�r�s� �p�o�s�t�u�l�a�t�e�d� �t�h�r�e�e� �p�o�s�s�i�b�l�e� 

�r�e�a�s�o�n�s� �¢�s�i�c�)� �f�o�r� �t�h�e� �c�h�a�n�g�e�s� �i�n� �p�a�c�k�e�d� �c�e�l�l� �v�o�l�u�m�e�s�:� 

�(�1�)� �i�n�c�r�e�a�s�e�d� �P�C�V� �c�a�u�s�e�d� �b�y� �e�x�c�i�t�e�m�e�n�t� �d�u�r�i�n�g� �r�e�s�t�r�a�i�n�t�,� 

�(�2�)� �d�e�c�r�e�a�s�e�d� �h�e�a�r�t� �r�a�t�e� �a�n�d� �b�l�o�o�d� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �i�m�m�o�b�i�l�i�z�a�-� 

�t�i�o�n�,� �o�r



�h�e� 

�(�3�)� �i�n�f�i�l�t�r�a�t�i�o�n� �o�f� �i�n�t�e�r�s�t�i�t�i�a�l� �f�l�u�i�d�s� �d�u�r�i�n�g� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� 

�l�e�a�d�i�n�g� �t�o� �h�e�m�o�d�i�l�u�t�i�o�n�.� 

�P�C�V� �r�e�s�u�l�t�s� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 
�P�C�V� 

�I�m�m�o�b�i�l�i�z�a�t�i�o�n� �=� �D�a�y� �0� �3�2� 

�D�a�y� �3� �4�9� 

�D�a�y� �1�4� �5�3� 

�B�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �i�n� �w�i�l�d� �A�f�r�i�c�a�n� �r�u�m�i�n�a�n�t� �s�p�e�c�i�e�s� 

�b�y� �D�r�e�v�e�m�o� �e�t� �a�l�.� �(�1�9�7�4�)�.�  ��T�h�e�y� �e�x�a�m�i�n�e�d� �v�a�l�u�e�s� �f�o�r� �b�o�t�h� �s�h�o�t� �a�n�d� 

�i�m�m�o�b�i�l�i�z�e�d� �a�n�i�m�a�l�s�.� �T�h�e� �d�r�u�g�s� �u�s�e�d� �w�e�r�e� �e�i�t�h�e�r� �x�y�l�a�z�i�n�e� �a�l�o�n�e� �o�r� 

�a� �x�y�l�a�z�i�n�e�,� �e�t�o�r�p�h�i�n�e�,� �a�c�e�p�r�o�m�a�z�i�n�e� �c�o�m�b�i�n�a�t�i�o�n� �(�X�E�A�)�.� �T�h�e�y� �f�o�u�n�d� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �v�a�l�u�e�s� �f�o�r� �R�B�C�,� �P�C�V�,� �a�n�d� �H�b� �i�n� �s�h�o�t� �i�m�p�a�l�a� �a�n�d� 

�w�i�l�d�e�b�e�e�s�t�;� �i�n�o�r�g�a�n�i�c� �p�h�o�s�p�h�o�r�o�u�s� �w�a�s� �h�i�g�h�e�r� �i�n� �s�h�o�t� �e�l�a�n�d� �a�n�d� 

�w�i�l�d�e�b�e�e�s�t� �t�h�a�n� �i�n� �t�h�o�s�e� �a�n�i�m�a�l�s� �w�h�i�c�h� �w�e�r�e� �d�r�u�g�g�e�d�.� �T�h�e�y� �p�o�s�t�u�l�a�t�e�d� 

�t�h�e� �d�e�c�r�e�a�s�e�d� �v�a�l�u�e�s� �i�n� �b�l�o�o�d� �c�o�n�s�t�i�t�u�e�n�t�s� �f�o�r� �i�m�m�o�b�i�l�i�z�e�d� �a�n�i�m�a�l�s� 

�c�o�u�l�d� �b�e� �c�a�u�s�e�d� �b�y� �d�e�c�r�e�a�s�e�d� �h�e�a�r�t� �r�a�t�e�,� �l�o�w�e�r�e�d� �b�l�o�o�d� �p�r�e�s�s�u�r�e�,� �a�n�d� 

�a� �r�e�s�u�l�t�i�n�g� �h�e�m�o�d�i�l�u�t�i�o�n� �w�i�t�h� �i�n�t�e�r�s�t�i�t�i�a�l� �f�l�u�i�d�s�.� �T�h�e� �a�u�t�h�o�r�s� �c�o�n�-� 

�s�i�d�e�r�e�d� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�h�o�t� �a�n�d� �i�m�m�o�b�i�l�i�z�e�d� �a�n�i�m�a�l�s� 

�c�o�u�l�d� �h�a�v�e� �b�e�e�n� �r�e�l�a�t�e�d� �t�o� �b�o�t�h� �e�x�c�i�t�e�m�e�n�t� �a�n�d� �t�h�e� �u�s�e� �o�f� �d�r�u�g�s�.� �I�t� 

�w�a�s� �a�l�s�o� �i�m�p�l�i�e�d� �t�h�a�t� �i�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �o�f� �s�u�c�h� �m�a�g�n�i�t�u�d�e�,� �i�t� 

�m�a�y� �b�e� �b�e�s�t� �t�o� �e�s�t�a�b�l�i�s�h� �b�l�o�o�d� �b�a�s�e�l�i�n�e�s� �f�o�r� �b�o�t�h� �s�h�o�t� �a�n�d� �d�r�u�g�g�e�d� 

�a�n�i�m�a�l�s�.� 

�D�r�e�v�e�m�o� �a�n�d� �K�a�r�s�t�a�d� �(�1�9�7�4�)� �c�o�n�t�i�n�u�e�d� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�i�t�h� �A�f�r�i�c�a�n� 

�u�n�g�u�l�a�t�e�s�,� �a�n�d� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �x�y�l�a�z�i�n�e� �a�n�d� �t�h�e� �X�E�A� �c�o�m�b�i�n�a�t�i�o�n� 

�o�n� �c�e�r�t�a�i�n� �h�a�e�m�a�t�o�l�o�g�i�c�a�l� �p�a�r�a�m�e�t�e�r�s�.� �T�h�e�i�r� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 

�t�h�e� �f�i�r�s�t� �s�a�m�p�l�e�s� �t�a�k�e�n� �a�f�t�e�r� �t�h�e� �a�n�i�m�a�l� �h�a�d� �b�e�e�n� �i�m�m�o�b�i�l�i�z�e�d� �g�a�v�e
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�v�a�l�u�e�s� �w�h�i�c�h� �w�e�r�e� �n�o�t� �t�h�e� �s�a�m�e� �a�s� �t�h�o�s�e� �v�a�l�u�e�s� �t�a�k�e�n� �l�a�t�e�r�.� �T�h�e�y� 

�f�o�u�n�d� �a� �d�e�c�r�e�a�s�e� �i�n� �R�B�C�,� �w�h�i�t�e� �b�l�o�o�d� �c�e�l�l�s�,� �P�C�V� �a�n�d� �H�b� �i�n� �a�l�l� 

�a�n�i�m�a�l�s� �i�m�m�o�b�i�l�i�z�e�d� �w�i�t�h� �b�o�t�h� �x�y�l�a�z�i�n�e� �a�n�d� �X�H�A�.� �T�h�e�s�e� �v�a�l�u�e�s� �d�e�-� 

�c�r�e�a�s�e�d� �f�o�r� �t�h�e� �f�i�r�s�t� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�m�m�o�b�i�l�i�z�a�t�i�o�n�;� �t�h�e�r�e�a�f�t�e�r� 

�t�h�e� �t�e�n�d�e�n�c�y� �w�a�s� �f�o�r� �t�h�e�s�e� �v�a�l�u�e�s� �t�o� �r�i�s�e�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� 

�t�h�e�i�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �b�l�o�o�d� �s�a�m�p�l�i�n�g� �a�n�d� �o�b�s�e�r�v�a�t�i�o�n�s� 

�o�f� �c�l�i�n�i�c�a�l� �p�a�r�a�m�e�t�e�r�s� �s�h�o�u�l�d� �b�e� �c�o�m�p�l�e�t�e�d� �a�s� �s�o�o�n� �a�s� �p�o�s�s�i�b�l�e� �a�f�t�e�r� 

�i�m�m�o�b�i�l�i�z�a�t�i�o�n�.� �A� �t�i�m�e� �l�i�m�i�t�a�t�i�o�n� �a�f�t�e�r� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �m�a�y� �b�e� �c�o�n�-� 

�s�i�d�e�r�e�d� �a�s� �a� �w�a�y� �o�f� �s�t�a�n�d�a�r�d�i�z�i�n�g� �b�l�o�o�d� �c�o�l�l�e�c�t�i�o�n�.� 

�S�e�r�u�m� �t�h�y�r�o�x�i�n�e� �l�e�v�e�l�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �w�h�i�l�e� 

�u�n�d�e�r� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �e�i�t�h�e�r� �M�-�9�9�,� �x�y�l�a�z�i�n�e�,� �C�I�-�7�4�4�,� �o�r� �m�a�n�u�a�l� 

�r�e�s�t�r�a�i�n�t� �(�B�o�a�r�d�m�a�n� �1�9�7�5�)�.� �S�h�e� �d�e�t�e�r�m�i�n�e�d� �n�o� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �t�r�e�a�t�m�e�n�t�s� �d�u�e� �t�o� �t�h�e� �e�f�f�e�c�t� �o�f� �i�m�m�o�b�i�l�i�z�a�t�i�o�n�.� 

�"�c�o�n�t�r�o�l�"� �t�r�e�a�t�m�e�n�t�,� �a�n�d� �S�h�e� �c�o�n�s�i�d�e�r�e�d� �p�h�y�s�i�c�a�l� �r�e�s�t�r�a�i�n�t� �a�s� �t�h�e� 

�t�h�e�r�e� �a�p�p�e�a�r�e�d� �t�o� �b�e� �n�o� �e�f�f�e�c�t� �o�n� �t�h�y�r�o�x�i�n�e� �l�e�v�e�l�s� �b�e�y�o�n�d� �t�h�a�t� 

�r�e�s�u�l�t�i�n�g� �f�r�o�m� �p�h�y�s�i�c�a�l� �r�e�s�t�r�a�i�n�t�.� 

�I�n� �a�n� �a�m�b�i�t�i�o�u�s� �s�t�u�d�y� �o�n� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�o�g� �h�a�r�a�s�s�m�e�n�t� �o�n� �t�h�e� 

�p�h�y�s�i�o�l�o�g�y� �o�f� �t�h�e� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �(�S�e�a�l�a�n�d�e�r� �e�t� �a�l�.� �1�9�7�5�)�,� �v�a�r�i�o�u�s� 

�b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �e�x�a�m�i�n�e�d�.� �T�h�e�y� �t�e�s�t�e�d� �a� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �d�e�e�r� 

�(�7�)�,� �a�n�d� �t�h�e�y� �e�x�a�m�i�n�e�d� �b�l�o�o�d� �v�a�l�u�e�s� �a�t� �3� �d�i�f�f�e�r�e�n�t� �t�i�m�e�s�.� �T�h�e� �f�i�r�s�t� 

�b�l�o�o�d� �s�a�m�p�l�e� �w�a�s� �t�a�k�e�n� �a�f�t�e�r� �a�n� �a�n�i�m�a�l� �w�a�s� �i�m�m�o�b�i�l�i�z�e�d� �w�i�t�h� �s�u�c�c�i�n�y�l�-� 

�c�h�o�l�i�n�e� �c�h�l�o�r�i�d�e�,� �a�n�d� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s� �w�e�r�e� �s�u�r�e� �t�h�e� �a�n�i�m�a�l� �w�o�u�l�d� 

�s�u�r�v�i�v�e�.� �T�h�e� �s�e�c�o�n�d� �b�l�o�o�d� �s�a�m�p�l�e� �w�a�s� �t�a�k�e�n� �b�y� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t� �j�u�s�t� 

�p�r�i�o�r� �t�o� �t�h�e� �d�o�g� �c�h�a�s�i�n�g� �s�e�q�u�e�n�c�e�.� �T�h�e� �t�h�i�r�d� �s�a�m�p�l�e� �w�a�s� �t�a�k�e�n� �b�y� 

�m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t� �a�f�t�e�r� �t�h�e� �d�e�e�r� �h�a�d� �b�e�e�n� �c�h�a�s�e�d� �b�y� �d�o�g�s� �f�o�r� �a� �g�i�v�e�n
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�t�i�m�e� �p�e�r�i�o�d�.� �T�h�e�y� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �f�i�r�s�t� �s�a�m�p�l�e� �a�s� �a� �"�c�o�n�t�r�o�l�"�,� 

�h�o�w�e�v�e�r� �t�h�i�s� �s�h�o�u�l�d� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �w�i�t�h� �c�a�u�t�i�o�n�.� �T�h�e�s�e� �d�e�e�r� �w�e�r�e� 

�u�n�d�e�r� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �d�r�u�g� �f�o�r� �a� �r�e�l�a�t�i�v�e�l�y� �l�o�n�g� �p�e�r�i�o�d� �(�c�.�f�.� 

�t�h�e� �r�e�p�o�r�t� �o�f� �D�r�e�v�e�m�o� �a�n�d� �K�a�r�s�t�a�d� �1�9�7�4�)� �b�e�f�o�r�e� �t�h�e�y� �w�e�r�e� �s�u�r�e� �t�h�e� 

�a�n�i�m�a�l� �w�o�u�l�d� �s�u�r�v�i�v�e� �a�n�d� �t�h�e� �b�l�o�o�d� �w�a�s� �t�a�k�e�n�.� �T�h�e� �d�e�e�r� �w�e�r�e� �c�e�r�t�a�i�n�l�y� 

�a�w�a�r�e� �o�f� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s� �p�r�e�s�e�n�c�e�.� �W�h�i�l�e� �b�e�i�n�g� �c�h�a�s�e�d�,� �t�h�e� �d�e�e�r� �w�e�r�e� 

�r�e�s�t�r�a�i�n�e�d� �w�i�t�h� �a�n� �a�p�p�a�r�a�t�u�s� �w�h�i�c�h� �a�l�l�o�w�e�d� �o�n�l�y� �m�o�v�e�m�e�n�t� �i�n� �a� �c�i�r�c�l�e�.� 

�S�i�n�c�e� �t�h�e� �s�t�u�d�y� �h�a�d� �a� �s�m�a�l�l� �s�a�m�p�l�e� �s�i�z�e� �a�n�d� �d�i�f�f�e�r�e�n�t� �a�g�e�s� �a�n�d� �s�e�x�e�s� 

�o�f� �d�e�e�r� �w�e�r�e� �u�s�e�d� �t�h�e�y� �d�i�d� �n�o�t� �c�o�n�d�u�c�t� �a�n�y� �s�t�a�t�i�s�t�i�c�a�l� �t�e�s�t�s�.� �o�f� 

�t�h�e� �d�e�e�r� �h�a�r�a�s�s�e�d�,� �3� �d�i�e�d� �b�e�f�o�r�e� �t�h�e� �d�e�s�i�g�n�a�t�e�d� �e�n�d� �o�f� �t�h�e� �c�h�a�s�e�.� 

�T�h�i�s� �i�n�d�i�c�a�t�e�d� �s�t�r�e�s�s� �s�u�f�f�i�c�i�e�n�t�l�y� �s�e�v�e�r�e� �a�s� �t�o� �c�a�u�s�e� �a�c�u�t�e� �f�a�t�a�l� 

�t�r�a�u�m�a�.� �P�C�V�,� �t�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s�,� �a�n�d� �H�b� �s�h�o�w�e�d� �g�r�e�a�t� �v�a�r�i�a�b�i�l�i�t�y� 

�i�n� �t�h�e�i�r� �r�e�s�p�o�n�s�e�.� �G�l�u�c�o�s�e� �v�a�l�u�e�s� �t�e�n�d�e�d� �t�o� �i�n�c�r�e�a�s�e� �f�r�o�m� �t�h�e� �f�i�r�s�t� 

�t�h�r�o�u�g�h� �t�h�e� �t�h�i�r�d� �b�l�e�e�d�i�n�g�,� �b�u�t� �n�o�t� �i�n� �a�l�l� �c�a�s�e�s�.� �B�U�N� �v�a�l�u�e�s� �i�n�-� 

�c�r�e�a�s�e�d� �i�n� �a�l�l� �d�e�e�r� �f�r�o�m� �v�a�l�u�e�s� �a�t� �c�a�p�t�u�r�e� �t�o� �v�a�l�u�e�s� �a�f�t�e�r� �h�a�r�a�s�s�m�e�n�t�.� 

�C�o�r�t�i�s�o�l� �t�e�n�d�e�d� �t�o� �i�n�c�r�e�a�s�e� �w�i�t�h� �h�a�r�a�s�s�m�e�n�t�,� �b�u�t� �w�a�s� �v�a�r�i�a�b�l�e�.� �B�o�t�h� 

�B�U�N� �a�n�d� �c�r�e�a�t�i�n�e� �l�e�v�e�l�s� �i�n� �b�l�o�o�d� �s�e�r�a� �o�f� �d�e�e�r� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �d�o�g� 

�h�a�r�a�s�s�m�e�n�t�,� �a�n�d� �w�e�r�e� �p�r�o�b�a�b�l�y� �i�n�d�i�c�a�t�i�v�e� �o�f� �m�u�s�c�l�e� �t�r�a�u�m�a� �a�n�d� �i�n�c�r�e�a�s�e�d� 

�d�e�g�r�a�d�a�t�i�o�n� �o�f� �b�o�d�y� �p�r�o�t�e�i�n�s�.� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �t�h�e� �r�e�p�o�r�t�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� 

�p�r�o�c�e�d�u�r�e�s� �o�f� �b�l�o�o�d� �s�a�m�p�l�i�n�g� �f�r�o�m� �w�i�l�d� �u�n�g�u�l�a�t�e�s� �a�r�e� �i�n� �n�e�e�d� �o�f� �p�r�o�-� 

�p�e�r� �s�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �b�e�f�o�r�e� �b�l�o�o�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �c�a�n� �b�e� �p�r�o�p�e�r�l�y� 

�s�t�u�d�i�e�d�.� �M�a�n�y� �i�n�f�l�u�e�n�c�e�s� �a�r�e� �p�o�s�s�i�b�l�e� �w�i�t�h� �c�u�r�r�e�n�t� �t�e�c�h�n�i�q�u�e�s� �w�h�i�c�h� 

�m�a�y� �d�i�s�g�u�i�s�e� �t�h�e� �p�r�o�p�e�r� �a�s�s�e�s�s�m�e�n�t� �o�f� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�o�n�d�i�t�i�o�n�.� 

�"�N�o�r�m�a�l�"� �v�a�l�u�e�s� �a�r�e� �r�e�s�t�i�n�g� �n�o�r�m�a�l�s� �w�h�i�c�h� �h�a�v�e� �b�e�e�n� �m�o�d�i�f�i�e�d� �b�y� �t�h�e



�4�5� 

�v�a�r�i�a�b�l�e� �s�t�r�e�s�s� �o�f� �t�h�e� �h�a�n�d�l�i�n�g� �p�r�o�c�e�d�u�r�e�.� �S�o�m�e� �m�e�a�s�u�r�e�d� �v�a�l�u�e�s� 

�m�a�y� �b�e� �m�o�r�e� �p�l�a�s�t�i�c� �a�n�d� �i�n�f�l�u�e�n�c�e�d� �g�r�e�a�t�e�r� �b�y� �s�t�r�e�s�s� �(�e�.�g�.� �P�C�V�,� �H�b�,� 

�R�B�C�,� �C�P�K�,� �S�G�O�T�,� �g�l�u�c�o�s�e�)� �t�h�a�n� �o�t�h�e�r�s� �(�e�.�g�.� �B�U�N�,� �u�r�i�c� �a�c�i�d�,� �p�r�o�t�e�i�n�s�)�.� 

�P�o�s�s�i�b�l�y� �t�h�e� �m�o�r�e� �p�l�a�s�t�i�c� �a�s�s�a�y�s� �c�a�n� �b�e� �u�s�e�d� �a�s� �s�t�r�e�s�s� �i�n�d�i�c�a�t�o�r�s�,� 

�w�h�i�l�e� �e�x�a�m�i�n�i�n�g� �n�u�t�r�i�t�i�o�n�a�l� �a�n�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�u�s� �u�s�i�n�g� �t�h�o�s�e� 

�v�a�l�u�e�s� �w�h�i�c�h� �a�r�e� �l�e�s�s� �p�l�a�s�t�i�c� �(�L�e�R�e�s�c�h�e� �e�t� �a�l�.� �1�9�7�4�)�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� 

�w�o�u�l�d� �s�e�e�m� �u�n�d�e�s�i�r�a�b�l�e�,� �h�o�w�e�v�e�r�,� �a�s� �m�a�n�y� �o�f� �t�h�e� �p�l�a�s�t�i�c� �v�a�l�u�e�s� �m�a�y� 

�b�e� �m�o�r�e� �i�n�d�i�c�a�t�i�v�e� �o�f� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �w�e�l�l� �b�e�i�n�g� �o�f� �t�h�e� �s�p�e�c�i�e�s�.� 

�T�h�e�r�e�f�o�r�e�,� �m�o�r�e� �r�e�s�e�a�r�c�h� �i�s� �n�e�e�d�e�d� �t�o� �d�i�s�c�o�v�e�r� �w�h�e�n� �a�n�d� �h�o�w� �b�l�o�o�d� 

�s�a�m�p�l�e�s� �m�a�y� �b�e�s�t� �b�e� �t�a�k�e�n� �s�o� �t�h�a�t� �t�h�e� �g�r�e�a�t�e�s�t� �a�m�o�u�n�t� �o�f� �u�s�a�b�l�e� 

�i�n�f�o�r�m�a�t�i�o�n� �b�e� �o�b�t�a�i�n�e�d�.



�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 
� � 

�A�n�i�m�a�l�s� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �a�n�i�m�a�l�s� �w�e�r�e� �w�h�i�t�e�-�t�a�i�l�e�d� �d�e�e�r� �(�O�d�o�c�o�i�l�e�u�s� 

�v�i�r�g�i�n�i�a�n�u�s�)�,� �c�o�t�t�o�n�t�a�i�l� �r�a�b�b�i�t�s� �(�S�y�l�v�i�l�a�g�u�s� �f�l�o�r�i�d�a�n�u�s�)�,� �a�n�d� �l�a�b�o�r�a�-� 

�t�o�r�y� �w�h�i�t�e� �m�i�c�e� �(�M�u�s� �m�u�s�c�u�l�u�s�)�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �f�o�r�t�y� �c�a�p�t�i�v�e� �w�h�i�t�e�-� 

�t�a�i�l�e�d� �d�e�e�r� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �d�u�r�i�n�g� �t�h�i�s� �s�t�u�d�y� �b�y� �t�h�e� �V�.�P�.�I�.�&�5�S�.�U�.� 

�C�o�o�p�e�r�a�t�i�v�e� �W�i�l�d�l�i�f�e� �R�e�s�e�a�r�c�h� �U�n�i�t� �i�n� �B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a�.� �T�w�e�n�t�y�-� 

�f�i�v�e� �d�i�f�f�e�r�e�n�t� �a�d�u�l�t� �d�e�e�r� �w�e�r�e� �u�s�e�d� �d�u�r�i�n�g� �t�h�i�s� �p�r�o�j�e�c�t�.� �A�l�l� �d�e�e�r� 

�w�e�r�e� �h�o�u�s�e�d� �i�n� �3�.�6�5� �m� �x� �7�.�3�0� �m� �r�o�o�f�e�d� �p�e�n�s�,� �a�n�d� �f�e�d� �a�d� �l�i�b�i�t�u�m� �a�n� 

�1�8� �p�e�r�c�e�n�t� �p�r�o�t�e�i�n� �p�e�l�l�e�t�e�d� �d�e�e�r� �f�e�e�d� �m�i�x�t�u�r�e�.� �D�e�e�r� �o�f� �b�o�t�h� �s�e�x�e�s� 

�w�e�r�e� �u�t�i�l�i�z�e�d� �a�n�d� �a�g�e�s� �v�a�r�i�e�d� �f�r�o�m� �1�2� �t�o� �5�4� �m�o�n�t�h�s�.� 

�W�i�l�d� �f�r�e�e�-�r�a�n�g�i�n�g� �d�e�e�r� �w�e�r�e� �s�a�m�p�l�e�d� �f�r�o�m� �t�h�e� �8�2�6� �h�a� �(�2�,�0�4�0� �a�c�r�e�)� 

�e�n�c�l�o�s�e�d� �a�r�e�a� �a�t� �t�h�e� �R�a�d�f�o�r�d� �A�r�m�y� �A�m�m�u�n�i�t�i�o�n� �P�l�a�n�t� �i�n� �D�u�b�l�i�n�,� �V�i�r�g�i�n�i�a�.� 

�W�i�l�d� �c�o�t�t�o�n�t�a�i�l� �r�a�b�b�i�t�s� �w�e�r�e� �t�r�a�p�p�e�d� �o�n� �t�h�e� �V�.�P�.�1�.�&�S�.�U�.� �c�o�l�l�e�g�e� 

�f�a�r�m� �i�n� �B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a�.� �M�a�t�u�r�e� �r�a�b�b�i�t�s� �o�f� �b�o�t�h� �s�e�x�e�s� �w�e�r�e� �u�s�e�d�.� 

�R�a�b�b�i�t�s� �w�e�r�e� �h�e�l�d� �i�n� �l�a�b�o�r�a�t�o�r�y� �c�a�g�e�s� �(�6�0� �x� �2�5� �x� �3�2�.�5� �c�m�)� �f�o�r� �a�t� 

�l�e�a�s�t� �a� �t�h�r�e�e� �w�e�e�k� �a�c�c�l�i�m�a�t�i�o�n� �p�e�r�i�o�d� �b�e�f�o�r�e� �t�h�e� �s�t�a�r�t� �o�f� �e�x�p�e�r�i�m�e�n�-� 

�t�a�t�i�o�n�.� �T�h�e�y� �w�e�r�e� �g�i�v�e�n� �c�o�m�m�e�r�c�i�a�l� �r�a�b�b�i�t� �p�e�l�l�e�t�s� �(�P�u�r�i�n�a�,� �1�6� �p�e�r�c�e�n�t� 

�p�r�o�t�e�i�n�)� �a�n�d� �w�a�t�e�r� �a�d� �l�i�b�i�t�u�m�.� 

�L�a�b�o�r�a�t�o�r�y� �m�i�c�e� �w�e�r�e� �o�b�t�a�i�n�e�d� �a�t� �w�e�a�n�i�n�g� �f�r�o�m� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� 

�D�a�i�r�y� �S�c�i�e�n�c�e� �a�t� �V�.�P�.�1�.�&�S�.�U�.� �a�n�d� �w�e�r�e� �o�f� �t�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�a�n�c�e�r� 

�R�e�s�e�a�r�c�h� �s�t�r�a�i�n�.� �M�i�c�e� �w�e�r�e� �8�0� �t�o� �1�2�0� �d�a�y�s� �o�l�d� �w�h�e�n� �u�s�e�d� �i�n� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�s�.� �T�h�e�y� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �i�n� �s�t�a�n�d�a�r�d� �m�o�u�s�e� �c�a�g�e�s� �a�n�d� �f�e�d� 

�l�a�b�o�r�a�t�o�r�y� �p�e�l�l�e�t�s� �(�F�l�o�w� �L�a�b�o�r�a�t�o�r�i�e�s�,� �D�u�b�l�i�n�,� �V�i�r�g�i�n�i�a�)� �a�d� �l�i�b�i�t�u�m�.� 

�h�6



�4�7� 

�D�r�u�g�s� 

�T�h�r�e�e� �d�r�u�g� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �e�m�p�l�o�y�e�d� �i�n� �t�h�e� �p�r�o�j�e�c�t� �a�n�d� �t�h�e�y� �w�e�r�e� 

�a�s� �f�o�l�l�o�w�s�:� 

�1�)� �(�a�)� �S�u�e�c�i�n�y�l�c�h�o�l�i�n�e� �c�h�l�o�r�i�d�e� �(�S�C�C�)� �(�N�u�t�r�i�t�i�o�n�a�l� �B�i�o�c�h�e�m�i�c�a�l� 

�C�o�r�p�o�r�a�t�i�o�n�)� �w�a�s� �a� �d�r�y� �p�o�w�d�e�r� �d�i�s�s�o�l�v�e�d� �i�n� �w�a�t�e�r� �a�n�d� �g�i�v�e�n� �b�y� 

�i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n� �t�o� �c�a�p�t�i�v�e� �d�e�e�r�.� 

�(�b�)� �S�u�c�c�i�n�y�l�c�h�o�l�i�n�e� �c�h�l�o�r�i�d�e� �(�S�C�C�)� �(�P�n�e�u�-�d�a�r�t�s�,� �W�i�l�l�i�a�m�s�p�o�r�t�,� 

�P�a�.�)� �w�a�s� �a� �d�r�y� �p�o�w�d�e�r� �g�i�v�e�n� �b�y� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n� �t�o� 

�w�i�l�d� �d�e�e�r�.� 

�2�)� �R�O�-�5�-�3�4�4�8� �(�H�o�f�f�m�a�n�n�-�L�a�R�o�c�h�e�)� �w�a�s� �a� �d�r�y� �p�o�w�d�e�r� �g�i�v�e�n� �o�r�a�l�l�y�.� 

�3�)� �P�h�e�n�c�y�c�l�i�d�i�n�e� �H�y�d�r�o�c�h�l�o�r�i�d�e� �(�P�H�)� �(�S�e�r�n�y�l�a�n�,� �A�.�J�.� �B�u�c�k�,� �I�n�c�.�)� 

�w�a�s� �a� �1�0�0� �m�g�/�c�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �l�i�q�u�i�d� �g�i�v�e�n� �i�n� �c�o�m�b�i�n�a�t�i�o�n� 

�w�i�t�h� �p�r�o�m�a�z�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �(�P�)� �(�S�p�a�r�i�n�e�,� �W�y�e�t�h� �L�a�b�o�r�a�t�o�r�i�e�s�)� 

�a� �5�0� �m�g�/�e�c� �c�o�n�c�e�n�t�r�a�t�i�o�n� �l�i�q�u�i�d� �b�y� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n�.� 

�N�o� �a�n�t�a�g�o�n�i�s�t� �w�a�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �a�n�y� �o�f� �t�h�e�s�e� �d�r�u�g�s�.� 

�B�l�o�o�d� �S�a�m�p�l�i�n�g� 

�B�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �d�e�e�r� �v�i�a� �t�h�e� �j�u�g�u�l�a�r� �v�e�i�n� �w�h�i�l�e� 

�t�h�e�y� �w�e�r�e� �p�h�y�s�i�c�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �a�n�d�/�o�r� �f�o�l�l�o�w�i�n�g� �o�n�e� �o�f� �t�h�e� �t�h�r�e�e� �d�r�u�g� 

�t�r�e�a�t�m�e�n�t�s�.� �D�u�r�i�n�g� �e�a�c�h� �b�l�e�e�d�i�n�g�,� �t�w�o� �1�0� �c�c� �b�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� 

�u�s�i�n�g� �e�v�a�c�u�a�t�e�d� �t�u�b�e�s�.� �O�n�e� �t�u�b�e� �c�o�n�t�a�i�n�e�d� �2�0� �m�g� �o�f� �t�h�e� �a�n�t�i�c�o�a�g�u�l�a�n�t� 

�e�t�h�y�l�e�n�e� �d�i�a�m�i�n�e�t�e�t�r�a�a�c�e�t�i�c� �a�c�i�d� �(�E�D�T�A�,� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �C�o�.�)� �f�o�r�a� 

�p�l�a�s�m�a� �s�a�m�p�l�e�,� �a�n�d� �t�h�e� �o�t�h�e�r� �w�a�s� �u�s�e�d� �t�o� �o�b�t�a�i�n� �a� �s�e�r�u�m� �s�a�m�p�l�e�.� �E�a�c�h� 

�b�l�o�o�d� �s�a�m�p�l�e� �w�a�s� �i�m�m�e�d�i�a�t�e�l�y� �p�l�a�c�e�d� �o�n� �i�c�e�.� �C�a�p�t�i�v�e� �d�e�e�r� �w�e�r�e� �r�e�p�e�t�-� 

�i�t�i�v�e�l�y� �b�l�e�d� �a�t� �f�o�u�r� �r�e�g�u�l�a�r� �i�n�t�e�r�v�a�l�s� �o�n� �e�a�c�h� �t�r�e�a�t�m�e�n�t� �d�a�y�.� �A� �c�r�e�w



�4�8� 

�o�f� �s�i�x� �p�e�r�s�o�n�s� �w�a�s� �u�s�e�d� �t�o� �c�a�t�c�h� �a�n�d� �r�e�s�t�r�a�i�n� �e�a�c�h� �p�e�n�n�e�d� �d�e�e�r�,� �u�n�l�e�s�s� 

�t�h�e� �a�n�i�m�a�l� �w�a�s� �a�l�r�e�a�d�y� �i�m�m�o�b�i�l�i�z�e�d� �b�y� �t�h�e� �d�r�u�g� �t�r�e�a�t�m�e�n�t�.� �T�h�e� �i�n�t�e�r�v�a�l� 

�f�r�o�m� �c�a�p�t�u�r�e� �t�o� �c�o�m�p�l�e�t�i�o�n� �o�f� �o�n�e� �s�a�m�p�l�e� �b�l�e�e�d�i�n�g� �w�a�s� �2� �t�o� �5� �m�i�n�u�t�e�s�.� 

�A�l�l� �b�l�e�e�d�i�n�g�s� �w�e�r�e� �c�o�m�p�l�e�t�e�d� �b�e�t�w�e�e�n� �1�3�0�0� �a�n�d� �1�6�0�0� �h�o�u�r�s� �t�o� �m�i�n�i�m�i�z�e� 

�p�o�s�s�i�b�l�e� �d�i�u�r�n�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �m�e�a�s�u�r�e�d�.� �H�e�a�r�t� 

�g�i�r�t�h�s� �o�f� �d�e�e�r� �w�e�r�e� �m�e�a�s�u�r�e�d� �t�o� �e�s�t�i�m�a�t�e� �b�o�d�y� �w�e�i�g�h�t�s� �(�S�m�a�r�t� �e�t� �a�l�.� 

�1�9�7�3�)� �a�n�d� �n�o�t�e�s� �w�e�r�e� �m�a�d�e� �o�n� �r�e�a�c�t�i�o�n� �o�f� �d�e�e�r� �t�o� �d�r�u�g�s�.� 

�B�l�o�o�d� �s�a�m�p�l�e�s� �f�r�o�m� �w�i�l�d� �d�e�e�r� �w�e�r�e� �t�a�k�e�n� �u�p�o�n� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �i�n� �a� 

�m�a�n�n�e�r� �S�i�m�i�l�a�r� �t�o� �c�a�p�t�i�v�e� �d�e�e�r�.� �A�l�l� �w�i�l�d� �d�e�e�r� �b�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� 

�t�a�k�e�n� �d�u�r�i�n�g� �t�h�e� �i�n�t�e�r�v�a�l� �1�7�0�0� �t�o� �2�0�0�0� �h�o�u�r�s�.� �H�e�a�r�t� �g�i�r�t�h�,� �c�o�n�d�i�t�i�o�n�,� 

�a�n�d� �t�i�m�e� �f�r�o�m� �i�n�j�e�c�t�i�o�n� �t�o� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �w�e�r�e� �n�o�t�e�d�,� �a�l�o�n�g� �w�i�t�h� �a�n�y� 

�o�t�h�e�r� �r�e�l�e�v�a�n�t� �i�n�f�o�r�m�a�t�i�o�n�.� 

�U�p�o�n� �c�o�m�p�l�e�t�i�o�n� �o�f� �s�a�m�p�l�i�n�g�,� �b�l�o�o�d� �w�a�s� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� �l�a�b�o�r�a�t�o�r�y� 

�a�n�d� �c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �1�0� �m�i�n�u�t�e�s� �a�t� �5�°�C� �i�n� �a� �r�e�f�r�i�g�e�r�a�t�e�d� �c�e�n�t�r�i�f�u�g�e�.� 

�P�l�a�s�m�a� �a�n�d� �s�e�r�u�m� �s�a�m�p�l�e�s� �w�e�r�e� �r�e�c�o�v�e�r�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �i�n�d�i�v�i�d�u�a�l� 

�1�2� �x� �7�5� �m�m� �p�l�a�s�t�i�c� �t�u�b�e�s� �(�2�0�5�8� �T�u�b�e�;� �F�a�l�c�o�n� �P�l�a�s�t�i�c�s�)�.� �S�a�m�p�l�e�s� �w�e�r�e� 

�t�h�e�n� �c�a�p�p�e�d�,� �l�a�b�e�l�e�d�,� �a�n�d� �f�r�o�z�e�n� �f�o�r� �l�a�t�e�r� �a�n�a�l�y�s�i�s�.� 

�C�o�t�t�o�n�t�a�i�l� �r�a�b�b�i�t�s� �w�e�r�e� �b�l�e�d� �b�y� �h�e�a�r�t� �p�u�n�c�t�u�r�e� �e�i�t�h�e�r� �w�h�i�l�e� �d�r�u�g�g�e�d� 

�a�n�d�/�o�r� �w�h�i�l�e� �p�h�y�s�i�c�a�l�l�y� �r�e�s�t�r�a�i�n�e�d�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �2� �m�l� �o�f� �b�l�o�o�d� �w�a�s� 

�c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �e�a�c�h� �b�l�e�e�d�i�n�g�.� �S�e�r�u�m� �w�a�s� �o�b�t�a�i�n�e�d� �a�n�d� �w�a�s� �f�r�o�z�e�n� 

�f�o�r� �l�a�t�e�r� �a�n�a�l�y�s�i�s�.� 

�L�a�b�o�r�a�t�o�r�y� �m�i�c�e� �w�e�r�e� �d�e�c�a�p�i�t�a�t�e�d� �a�n�d� �e�x�s�a�n�g�u�i�n�a�t�e�d�.� �B�l�o�o�d� �w�a�s� 

�c�o�l�l�e�c�t�e�d� �i�n� �h�e�p�a�r�i�n�i�z�e�d� �t�u�b�e�s� �a�n�d� �p�l�a�s�m�a� �w�a�s� �f�r�o�z�e�n� �f�o�r� �l�a�t�e�r� �a�n�a�l�y�s�i�s�.� 

�T�r�e�a�t�m�e�n�t�s� 

�T�h�e�r�e� �w�e�r�e� �3� �d�r�u�g� �t�r�e�a�t�m�e�n�t�s� �a�n�d� �2� �p�h�y�s�i�c�a�l� �r�e�s�t�r�a�i�n�t� �t�r�e�a�t�m�e�n�t�s



�h�g� 

�a�p�p�l�i�e�d� �t�o� �c�a�p�t�i�v�e� �d�e�e�r�.� �B�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �4� �t�i�m�e�s� �d�u�r�i�n�g� �e�a�c�h� 

�t�r�e�a�t�m�e�n�t�.� �T�h�e� �d�e�t�a�i�l�s� �o�f� �t�h�e� �b�l�e�e�d�i�n�g� �s�c�h�e�d�u�l�e�s� �f�o�r� �e�a�c�h� �t�r�e�a�t�m�e�n�t� 

�a�r�e� �g�i�v�e�n� �i�n� �T�a�b�l�e� �2�.� �T�h�e� �f�i�r�s�t� �d�r�u�g�-�t�r�e�a�t�m�e�n�t� �g�r�o�u�p�,� �c�o�m�p�o�s�e�d� �o�f� 

�2�0� �c�a�p�t�i�v�e� �d�e�e�r�,� �w�e�r�e� �p�h�y�s�i�c�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �a�n�d� �b�l�o�o�d� �s�a�m�p�l�e�s� �d�r�a�w�n�.� 

�T�h�e�n� �d�o�s�e�s� �o�f� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e� �c�h�l�o�r�i�d�e� �(�S�C�C�)� �v�a�r�y�i�n�g� �f�r�o�m� �3�.�8� �~� �5�.�0� �m�e�g� 

�p�e�r� �d�e�e�r� �(�s�e�e� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �I� �f�o�r� �i�n�d�i�v�i�d�u�a�l� �d�o�s�e�s�)� �w�e�r�e� �i�n�j�e�c�t�e�d� 

�i�n�t�r�a�m�u�s�c�u�l�a�r�l�y� �i�n� �t�h�e� �r�u�m�p� �r�e�g�i�o�n�,� �a�n�d� �t�h�e� �a�n�i�m�a�l� �w�a�s� �r�e�l�e�a�s�e�d�.� �D�u�e� 

�t�o� �t�h�e� �r�a�p�i�d� �a�c�t�i�o�n� �o�f� �S�C�C�,� �t�h�e� �b�l�e�e�d�i�n�g� �s�c�h�e�d�u�l�e� �f�o�l�l�o�w�i�n�g� �t�r�e�a�t�m�e�n�t� 

�w�a�s� �s�h�o�r�t�e�r� �t�h�a�n� �f�o�r� �t�h�e� �o�t�h�e�r� �2� �d�r�u�g�s�.� �T�h�e� �s�e�c�o�n�d� �b�l�e�e�d�i�n�g� �o�c�c�u�r�r�e�d� 

�a�t� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �i�.�e�.� �w�h�e�n� �t�h�e� �a�n�i�m�a�l� �c�o�l�l�a�p�s�e�d�.� �D�e�e�r� �w�e�r�e� �b�l�e�d� �a�g�a�i�n� 

�a�t� �3�0� �a�n�d� �9�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �i�n�j�e�c�t�i�o�n� �o�f� �t�h�e� �d�r�u�g�.� �E�v�e�n� �w�i�t�h� �S�C�C� 

�t�r�e�a�t�m�e�n�t�,� �m�a�n�y� �d�e�e�r� �h�a�d� �r�e�c�o�v�e�r�e�d� �m�o�b�i�l�i�t�y� �3�0� �t�o� �6�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� 

�i�n�j�e�c�t�i�o�n�,� �r�e�q�u�i�r�i�n�g� �t�h�a�t� �t�h�e�y� �b�e� �p�h�y�s�i�c�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�u�r�i�n�g� �t�h�e� �l�a�s�t� 

�b�l�e�e�d�i�n�g�s�.� �T�w�e�n�t�y� �c�a�p�t�i�v�e� �d�e�e�r� �w�e�r�e� �b�l�e�d� �o�n� �a� �s�c�h�e�d�u�l�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� 

�S�C�C�-�t�r�e�a�t�e�d� �d�e�e�r�,� �b�u�t� �t�h�e�y� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �p�h�y�s�i�c�a�l� �r�e�s�t�r�a�i�n�t� �w�i�t�h�-� 

�o�u�t� �d�r�u�g� �t�r�e�a�t�m�e�n�t� �(�T�a�b�l�e� �2�)�.� �F�o�r� �t�h�e� �d�e�e�r� �i�n� �t�h�i�s� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �,� 

�t�h�e� �s�e�c�o�n�d� �b�l�e�e�d�i�n�g� �w�a�s� �a�t� �1�5� �m�i�n�u�t�e�s� �t�o� �a�p�p�r�o�x�i�m�a�t�e� �t�h�e� �t�i�m�e� �o�f� 

�i�m�m�o�b�i�l�i�z�a�t�i�o�n� �i�n� �S�C�C�-�t�r�e�a�t�e�d� �d�e�e�r�.� �T�h�e� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� �b�l�e�e�d�i�n�g�s� 

�w�e�r�e� �a�t� �3�0� �a�n�d� �9�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �i�n�i�t�i�a�l� �b�l�e�e�d�i�n�g�.� 

�B�l�o�o�d� �s�a�m�p�l�e�s� �f�r�o�m� �w�i�l�d� �f�r�e�e�-�r�a�n�g�i�n�g� �d�e�e�r� �w�e�r�e� �a�l�s�o� �t�a�k�e�n� �u�s�i�n�g� 

�S�C�C�.� �T�h�i�r�t�y� �d�e�e�r� �w�e�r�e� �i�n�j�e�c�t�e�d� �i�n�t�r�a�m�u�s�c�u�l�a�r�l�y� �w�i�t�h� �p�o�w�d�e�r�e�d� �S�C�C� 

�u�s�i�n�g� �P�n�e�u�-�d�a�r�t�s� �(�L�i�s�c�i�n�s�k�y� �e�t� �a�l�.� �1�9�6�9�)� �a�n�d� �a� �c�a�p�t�u�r�e� �g�u�n� �(�s�e�e� 

�A�p�p�e�n�d�i�x� �T�a�b�l�e� �I�I� �f�o�r� �i�n�d�i�v�i�d�u�a�l� �d�o�s�a�g�e�s�)�.� �E�q�u�a�l� �n�u�m�b�e�r�s� �(�1�5�)� �o�f� �m�a�l�e� 

�a�n�d� �f�e�m�a�l�e� �d�e�e�r� �w�e�r�e� �t�r�e�a�t�e�d� �a�n�d� �w�e�r�e� �b�l�e�d� �a�s� �s�o�o�n� �a�f�t�e�r� �c�o�l�l�a�p�s�e� �a�s� 

�p�o�s�s�i�b�l�e�.� �D�e�e�r� �w�e�r�e� �b�l�e�d� �a�g�a�i�n� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� 

�i�n�j�e�c�t�i�o�n�.� �T�h�e�s�e� �d�e�e�r� �w�e�r�e� �r�e�l�e�a�s�e�d� �a�f�t�e�r� �c�o�m�p�l�e�t�i�o�n� �o�f� �b�l�o�o�d� �s�a�m�p�l�i�n�g�.
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�a�1� 

�T�h�e� �s�e�c�o�n�d� �d�r�u�g�-�t�r�e�a�t�m�e�n�t� �g�r�o�u�p�,� �c�o�m�p�o�s�e�d� �o�f� �2�0� �c�a�p�t�i�v�e� �d�e�e�r�,� 

�w�a�s� �f�i�r�s�t� �p�h�y�s�i�c�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �a�n�d� �a� �b�l�o�o�d� �s�a�m�p�l�e� �t�a�k�e�n�.� �R�O�-�5�-�3�4�4�8� 

�w�a�s� �t�h�e�n� �g�i�v�e�n� �i�n� �a�n� �o�r�a�l� �d�o�s�e� �t�o� �a�l�l� �t�h�e� �d�e�e�r�.� �A�l�l� �d�o�s�e�s� �w�e�r�e� �e�n�-� 

�c�l�o�s�e�d� �i�n� �a� �g�e�l�a�t�i�n� �c�a�p�s�u�l�e�;� �s�o�m�e� �w�e�r�e� �p�l�a�c�e�d� �d�i�r�e�c�t�l�y� �i�n� �t�h�e� �d�e�e�r�'�s� 

�m�o�u�t�h� �b�y� �h�a�n�d� �a�n�d� �o�t�h�e�r�s� �w�e�r�e� �g�i�v�e�n� �i�n�s�i�d�e� �p�e�a�n�u�t� �h�u�l�l�s� �w�h�i�c�h� �w�e�r�e� 

�h�a�n�d� �f�e�d� �t�o� �t�h�e� �d�e�e�r�.� �I�n� �a�l�l� �c�a�s�e�s�,� �t�h�e� �e�n�t�i�r�e� �d�r�u�g� �d�o�s�e� �w�a�s� �s�e�e�n� �t�o� 

�b�e� �c�o�n�s�u�m�e�d�.� �D�o�s�e�s� �r�a�n�g�e�d� �f�r�o�m� �5�0�0� �t�o� �1�0�0�0� �m�g� �p�e�r� �d�e�e�r� �(�A�p�p�e�n�d�i�x� 

�|� �T�a�b�l�e� �I�I�I�)�.�  ��T�h�e� �d�e�e�r� �w�e�r�e� �b�l�e�d� �a�g�a�i�n� �a�t� �3�0�,� �9�0�,� �a�n�d� �1�5�0� �m�i�n�u�t�e�s� �a�f�t�e�r� 

�t�h�e� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �d�r�u�g� �(�T�a�b�l�e� �2�)�.� �L�i�m�i�t�e�d� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t� �w�a�s� 

�r�e�q�u�i�r�e�d� �o�n� �m�o�s�t� �b�l�e�e�d�i�n�g�s� �w�i�t�h� �t�h�i�s� �d�r�u�g�,� �a�s� �t�h�e� �d�e�e�r� �c�o�u�l�d� �s�t�i�l�l� 

�s�t�a�n�d� �w�h�i�l�e� �u�n�d�e�r� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �d�r�u�g� �e�f�f�e�c�t�s�.� 

�A�n� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �t�o� �c�a�p�t�u�r�e� �f�r�e�e�-�r�a�n�g�i�n�g� �w�i�l�d� �d�e�e�r� �w�i�t�h� 

�R�O�-�5�-�3�4�4�8�.� �A� �g�r�o�u�p� �o�f� �5�0� �o�r� �m�o�r�e� �d�e�e�r� �w�e�r�e� �a�t�t�r�a�c�t�e�d� �t�o� �a�n� �o�p�e�n� �a�r�e�a� 

�b�y� �p�r�e�b�a�i�t�i�n�g� �w�i�t�h� �e�a�r� �a�n�d� �k�e�r�n�e�l� �c�o�r�n�.� �A�f�t�e�r� �7� �d�a�y�s� �o�f� �p�r�e�b�a�i�t�i�n�g�,� 

�d�r�u�g�-�t�r�e�a�t�e�d� �c�o�r�n� �w�a�s� �p�l�a�c�e�d� �a�t� �t�h�e� �b�a�i�t� �s�i�t�e�s�.� �<�A� �d�r�u�g� �d�o�s�e� �o�f� �a�p�p�r�o�x�-� 

�i�m�a�t�e�l�y� �5�0�0� �m�g� �p�e�r� �0�.�5� �L� �o�f� �c�o�r�n� �w�a�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �c�o�r�n� �w�i�t�h� �a� 

�c�o�m�m�e�r�c�i�a�l� �l�a�u�n�d�r�y� �s�t�a�r�c�h�.� �E�n�o�u�g�h� �c�o�r�n� �a�n�d� �d�r�u�g� �w�a�s� �m�i�x�e�d� �t�o� �t�r�e�a�t� 

�5�0� �d�e�e�r�.� �D�r�u�g�g�e�d� �c�o�r�n� �w�a�s� �p�u�t� �a�t� �t�h�e� �b�a�i�t� �s�i�t�e�s� �o�n�e� �e�v�e�n�i�n�g� �a�n�d� �a� �c�r�e�w� 

�o�f� �2�0� �p�e�r�s�o�n�s� �a�t�t�e�m�p�t�e�d� �t�o� �c�a�p�t�u�r�e� �t�h�e� �d�r�u�g�g�e�d� �d�e�e�r� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�m�o�r�n�i�n�g�.� �T�h�e�r�e� �a�p�p�e�a�r�e�d� �t�o� �b�e� �n�o� �b�a�i�t� �s�h�y�n�e�s�s� �a�s� �a�l�l� �t�h�e� �c�o�r�n� �w�i�t�h� 

�b�o�t�h� �d�r�u�g� �a�n�d� �s�t�i�c�k�e�r� �w�a�s� �c�o�n�s�u�m�e�d�.� �R�e�s�u�l�t�s� �o�f� �t�h�i�s� �e�n�d�e�a�v�o�r� �w�i�l�l� �b�e� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �R�e�s�u�l�t�s� �s�e�c�t�i�o�n�.� 

�T�h�e� �b�l�e�e�d�i�n�g� �s�c�h�e�d�u�l�e� �f�o�r� �t�h�e� �p�h�e�n�c�y�c�l�i�d�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �p�l�u�s� 

�p�r�o�m�a�z�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �(�P�H� �+� �P�)� �t�r�e�a�t�m�e�n�t� �w�a�s� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�a�t� �o�f� 

�t�h�e� �R�O�-�5�-�3�4�4�8� �t�r�e�a�t�m�e�n�t� �(�T�a�b�l�e� �2�)�.� �S�i�m�i�l�a�r�l�y�,� �a�f�t�e�r� �t�h�e� �i�n�i�t�i�a�l� 

�b�l�e�e�d�i�n�g� �t�h�e� �d�r�u�g� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d�.� �T�h�i�s� �c�o�m�b�i�n�a�t�i�o�n� �w�a�s� �g�i�v�e�n� �b�y



�5�2� 

�i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n� �i�n� �t�h�e� �m�m�p�.� �D�o�s�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �2�0�0� �t�o� �3�0�0� �m�g� 

�o�f� �p�h�e�n�c�y�c�l�i�d�i�n�e� �p�e�r� �d�e�e�r� �a�n�d� �1�5�0� �t�o� �2�5�0� �m�g� �o�f� �p�r�o�m�a�z�i�n�e� �p�e�r� �d�e�e�r� �w�e�r�e� 

�g�i�v�e�n� �(�A�p�p�e�n�d�i�x� �T�a�b�l�e� �I�V�)�.� �D�e�e�r� �w�e�r�e� �b�l�e�d� �a�g�a�i�n� �a�t� �3�0�,� �9�0� �a�n�d� �1�5�0� 

�m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� 

�N�i�n�e�t�e�e�n� �c�a�p�t�i�v�e� �d�e�e�r� �w�e�r�e� �p�h�y�s�i�c�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �b�u�t� �n�o�t� �d�r�u�g� 

�t�r�e�a�t�e�d�.� �T�h�e� �b�l�e�e�d�i�n�g� �s�c�h�e�d�u�l�e� �f�o�r� �t�h�i�s� �g�r�o�u�p� �c�o�r�r�e�s�p�o�n�d�e�d� �t�o� �t�h�e� 

�s�c�h�e�d�u�l�e� �f�o�r� �P�H� �+� �P� �a�n�d� �R�O�-�5�-�3�4�4�8� �t�r�e�a�t�e�d� �d�e�e�r�.� �T�h�e�s�e� �d�e�e�r� �w�e�r�e� 

�m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �a�n�d� �b�l�e�d� �a�t� �a�n� �i�n�i�t�i�a�l� �t�i�m�e� �(�t�i�m�e� �z�e�r�o�)�,� �a�n�d� 

�a�g�a�i�n� �a�t� �3�0�,� �9�0�,� �a�n�d� �1�5�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �i�n�i�t�i�a�l� �b�l�e�e�d�i�n�g� �(�T�a�b�l�e� �2�)�.� 

�E�i�g�h�t� �a�d�d�i�t�i�o�n�a�l� �c�a�p�t�i�v�e� �d�e�e�r� �w�e�r�e� �s�h�o�t� �t�o� �e�x�a�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� 

�o�f� �v�a�r�y�i�n�g� �t�h�e� �t�i�m�e� �o�f� �b�l�o�o�d� �s�a�m�p�l�i�n�g� �a�f�t�e�r� �d�e�a�t�h�.� �T�h�e�s�e� �d�e�e�r� �w�e�r�e� 

�s�h�o�t� �i�n� �t�h�e� �b�r�a�i�n� �a�t� �c�l�o�s�e� �r�a�n�g�e� �w�i�t�h� �a� �.�2�2� �c�a�l�i�b�e�r� �p�i�s�t�o�l�.� �I�m�m�e�-� 

�d�i�a�t�e�l�y� �u�p�o�n� �c�o�l�l�a�p�s�e� �a� �b�l�o�o�d� �s�a�m�p�l�e� �w�a�s� �c�o�l�l�e�c�t�e�d�.� �A�t� �5� �a�n�d� �3�0� 

�m�i�n�u�t�e�s� �a�f�t�e�r� �d�e�a�t�h� �a�d�d�i�t�i�o�n�a�l� �b�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n�.� 

�C�o�t�t�o�n�t�a�i�l� �r�a�b�b�i�t�s� �r�e�c�e�i�v�e�d� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �a�l�l� �t�h�r�e�e� �d�r�u�g�s� 

�(�T�a�b�l�e� �3�)�.� �A�l�l� �r�a�b�b�i�t�s� �w�e�r�e� �r�a�n�d�o�m�i�z�e�d� �a�n�d� �a�s�s�i�g�n�e�d� �t�o� �s�p�e�c�i�f�i�e�d� 

�g�r�o�u�p�s� �b�e�f�o�r�e� �e�a�c�h� �t�r�e�a�t�m�e�n�t�.� �F�o�u�r�t�e�e�n� �r�a�b�b�i�t�s� �w�e�r�e� �b�l�e�d� �a�n�d� �t�h�e�n� 

�g�i�v�e�n� �a�n� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n� �o�f� �S�C�C� �(�A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�)�.� �S�e�v�e�n� �o�f� 

�t�h�e�s�e� �r�a�b�b�i�t�s� �w�e�r�e� �b�l�e�d� �a�g�a�i�n� �a�t� �3�0� �m�i�n�u�t�e�s� �a�n�d� �{�7� �r�a�b�b�i�t�s� �w�e�r�e� �b�l�e�d� 

�a�t� �6�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �i�n�j�e�c�t�i�o�n�.� �A�n�o�t�h�e�r� �1�4� �r�a�b�b�i�t�s� �w�e�r�e� �b�l�e�d� �a�n�d� 

�g�i�v�e�n� �a� �s�h�a�m� �i�n�j�e�c�t�i�o�n� �o�f� �s�a�l�i�n�e�.� �S�e�v�e�n� �o�f� �t�h�e�s�e� �r�a�b�b�i�t�s� �w�e�r�e� �t�h�e�n� 

�b�l�e�d� �a�t� �3�0� �a�n�d� �6�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �(�T�a�b�l�e� �3�)�.� 

�F�o�u�r�t�e�e�n� �r�a�b�b�i�t�s� �w�e�r�e� �r�e�s�t�r�a�i�n�e�d� �a�n�d� �b�l�e�d�.� �R�O�-�5�-�3�4�4�8� �w�a�s� �d�i�s�-� 

�s�o�l�v�e�d� �i�n� �v�e�g�e�t�a�b�l�e� �o�i�l� �a�n�d� �g�i�v�e�n� �t�o� �t�h�e� �1�4� �r�a�b�b�i�t�s� �b�y� �o�r�a�l� �i�n�t�u�b�a�-� 

�t�i�o�n� �(�s�e�e� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �V� �f�o�r� �d�o�s�e�s�)�.� �S�e�v�e�n� �o�f� �t�h�e� �r�a�b�b�i�t�s� �w�e�r�e
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�b�l�e�d� �a�g�a�i�n� �a�t� �6�0� �m�i�n�u�t�e�s� �a�n�d� �s�e�v�e�n� �w�e�r�e� �b�l�e�d� �a�t� �1�2�0� �m�i�n�u�t�e�s�.� �A�n� 

�i�d�e�n�t�i�c�a�l� �n�u�m�b�e�r� �o�f� �r�a�b�b�i�t�s� �w�e�r�e� �i�n�t�u�b�a�t�e�d� �w�i�t�h� �j�u�s�t� �v�e�g�e�t�a�b�l�e� �o�i�l� 

�(�n�o� �d�r�u�g�s�)� �a�n�d� �b�l�e�d� �o�n� �t�h�e� �s�a�m�e� �s�c�h�e�d�u�l�e� �(�T�a�b�l�e� �3�)�.� 

�F�o�u�r�t�e�e�n� �r�a�b�b�i�t�s� �w�e�r�e� �b�l�e�d� �a�n�d� �t�h�e�n� �g�i�v�e�n� �P�H� �+� �P� �b�y� �i�n�t�r�a�m�u�s�c�u�l�a�r� 

�i�n�j�e�c�t�i�o�n� �(�D�o�s�a�g�e�s� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�)�.� �A�t� �6�0� �m�i�n�u�t�e�s� �a�f�t�e�r� 

�i�n�j�e�c�t�i�o�n� �7� �r�a�b�b�i�t�s� �w�e�r�e� �b�l�e�d�,� �a�n�d� �a�t� �1�2�0� �m�i�n�u�t�e�s� �t�h�e� �r�e�m�a�i�n�i�n�g� �7� 

�r�a�b�b�i�t�s� �w�e�r�e� �b�l�e�d�.� �A�d�d�i�t�i�o�n�a�l�l�y� �1�4� �r�a�b�b�i�t�s� �w�e�r�e� �s�h�a�m� �i�n�j�e�c�t�e�d� �w�i�t�h� 

�s�a�l�i�n�e� �a�n�d� �b�l�e�d� �o�n� �t�h�e� �s�a�m�e� �b�l�e�e�d�i�n�g� �s�c�h�e�d�u�l�e� �(�T�a�b�l�e� �3�)�.� 

�L�a�b�o�r�a�t�o�r�y� �m�i�c�e� �w�e�r�e� �g�i�v�e�n� �S�C�C� �b�y� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n� �(�A�p�p�e�n�d�i�x� 

�T�a�b�l�e� �V�)�.� �T�h�e�s�e� �a�n�i�m�a�l�s� �w�e�r�e� �s�a�c�r�i�f�i�c�e�d� �b�y� �d�e�c�a�p�i�t�a�t�i�o�n� �a�n�d� �e�x�-� 

�S�a�n�g�u�i�n�i�z�e�d� �a�t� �s�p�e�c�i�f�i�e�d� �i�n�t�e�r�v�a�l�s� �a�f�t�e�r� �t�h�e� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �t�h�e� 

�d�r�u�g� �(�T�a�b�l�e� �4�)�.� �A�d�d�i�t�i�o�n�a�l� �m�i�c�e� �w�e�r�e� �s�a�c�r�i�f�i�c�e�d� �i�n� �a�n� �i�d�e�n�t�i�c�a�l� 

�m�a�n�n�e�r� �f�o�l�l�o�w�i�n�g� �s�h�a�m� �i�n�j�e�c�t�i�o�n� �w�i�t�h� �s�a�l�i�n�e�.� �M�i�c�e� �w�e�r�e� �t�r�e�a�t�e�d� �w�i�t�h� 

�R�O�-�5�-�3�4�4�8� �b�y� �o�r�a�l� �i�n�t�u�b�a�t�i�o�n� �(�s�e�e� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �V� �f�o�r� �d�o�s�a�g�e�s�)�.� 

�U�n�t�r�e�a�t�e�d� �m�i�c�e� �w�e�r�e� �s�a�c�r�i�f�i�c�e�d� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e� �p�e�r�i�o�d�s� �f�o�l�l�o�w�i�n�g� 

�v�e�g�e�t�a�b�l�e� �o�i�l� �i�n�t�u�b�a�t�i�o�n�.� �P�H� �+� �P� �w�a�s� �g�i�v�e�n� �b�y� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n� 

�(�A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�)�.� �U�n�t�r�e�a�t�e�d� �m�i�c�e� �w�e�r�e� �t�r�e�a�t�e�d� �i�n� �a�n� �i�d�e�n�t�i�c�a�l� 

�m�a�n�n�e�r� �f�o�l�l�o�w�i�n�g� �s�h�a�m� �i�n�j�e�c�t�i�o�n� �w�i�t�h� �s�a�l�i�n�e� �(�T�a�b�l�e� �}�)�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �B�l�o�o�d� �S�a�m�p�l�e�s� 

�A� �l�i�s�t� �o�f� �b�l�o�o�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s� �i�s� 

�g�i�v�e�n� �i�n� �T�a�b�l�e� �5�.� 

�P�a�c�k�e�d� �C�e�l�l� �V�o�l�u�m�e� 
� � 

�T�h�e� �p�a�c�k�e�d� �c�e�l�l� �v�o�l�u�m�e� �(�P�C�V�)� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �a�l�l� �b�l�o�o�d� �s�a�m�p�l�e�s� 

�f�r�o�m� �a�l�l� �d�e�e�r�,� �r�a�b�b�i�t�s�,� �a�n�d� �m�i�c�e�.� �P�r�e�-�c�a�l�i�b�r�a�t�e�d�,� �h�e�p�a�r�i�n�i�z�e�d



�2�9� 

�*�q
�u

�e
�m

�y�e
�e

�t�y� 
�1

�9
�4

�s
� �o�u�t�a� �S

�u
�T

�p
�e

�e
�T

�g
� 

�:�2� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�X� 
�X� 

�S
�o�U

�n�U
�T

�W
� 

�O
�T

�T
� 

�X� 
�X� 

�s�o�q�w
�n�U

�u�T�W
� 

�O�g�t�h� 

�X� 
�X� 

�X� 
�X� 

�X� 
�X� 

�s�o�y�w
�U

�t�W
� 

�O
�n�e� 

�X� 
�X� 

�X� 
�X� 

�X� 
�X� 

�S
�o�q�n�u�t�T�W

� 
�O

�c�l� 

�X� 
�X� 

�X� 
�X�x� 

�x� 
�X� 

�S�O
�I�N

�U
�T�W

� 
�0�9� 

�x�X� 
�X�x� 

�X�x� 
�x�X� 

�x�X� 
�x�X� 

�s�o
�y�n

�u
�T

�W
� 

�O
�F� 

�X� 
�X� 

�X� 
�X� 

�S
�o�q�n�u�t�W

� 
�O�T� 

�X� 
�X� 

�X�x� 
�x�X� 

�x�X� 
�X� 

�s�o�q�y�n�u�T
�W

� 
�g� 

�X� 
�X� 

�x� 
�X� 

�s�o�q�n�u�T�y� 

�X�x� 
�x�X� 

�X� 
�X� 

�s�o�q�n�u�t�T
�W

� 
�Z� 

�X� 
�X� 

�X� 
�X� 

�o�q�n�u�T
�W

� 
�T� 

�S�s�u�T�T�R
�S� �p�e�y�e�e�r�y�,� 

�T�T�O
�  ��S�a�A� 

�p�a�e�q�e�a�t�y� 
�e�U

�T�T�S
�S

� 
�p�o�e� �,�e�e�t�L� 

�o�u�t�}� �S
�u

�T
�p

�e
�e

� 
�T�g� 

�a
�p

�l�t�o
�T

�y�o
�o

�u
�p

�A
�y� 

�S
�s�u�T

�p�r�p�l�o�A
�o�u�e�y�g� 

�Q
�n�n�e ��-�S

�-�O
�d� 

�a�p�r�T�a�o�T�y�g� 
�s�u�t�p�l�o�y�o�z�t�A

�u�t�o�o�n�g� �8� 

�
 
�
 

�
 
�
 

�"�S�o�0�T�M
� 

�a�q�T�y�m
�M

� 
�A

�T
�O

�Y
�B

�L
�O

�G
�B

�T
� 

�T�O
�J� �a

�T
�N

�p
�s�y�o

�s� 
�S

�u
�T

�p
�s�e

�t�q
� 

�T
�e�r�s�u�e�n� �-� 

�e�T
�q�R

�y�,



�5�6� 

�
 
�
 

�X� 
�S

�U
�S

�Z
�O

�I�p�P
�U

�B
�s� 

�B
�U

�S
�e�T

�Y
�G

� 

�
 
�
 

�
 
�
 

�
 
�
 

�X� 
�s�u

�t�y�s�o
�e

�s�0
�a

�d
� 

�e
�u

�s�e
�t�g

� 

�X�x� 
�X� 

�X�x� 
�X� 

�S
�P

�T
�O

�O
�T

�I�I�O
�D

� 
�B

�u
�s�e

�y� 

�X� 
�X� 

�X� 
�X� 

�s�s�o
�o

�n
�T

�s� 
�u�m

�a�z�e�g� 

�X� 
�X� 

�N
�n

� 

�X� 
�X� 

�u
�t�e

�z
�o

�r�d
� 

�w
�n

�t�e
�s� �[�e�4�1�0�]�,� 

�X� 
�X� 

�X� 
�X� 

�X� 
�X� 

�u�t�e�j�y�o�u�d� 
�e�u�s�e�T�d� 

�[�T�e� �j�o�]�,� 

�x�X� 
�X� 

�X�x� 
�X� 

�x�X� 
�x�X� 

�A
�d�d� 

�a�T�e�u�e�a�y� �e
�s

� 
�a�T

�e�u�a�y� �o
�e

� 
�a�T

�e�m
�a�g� �e�a�T�e�y� 

�a
�r�n

�p
�s�s�0

�i�g
� 

�3�0�T�H
� 

�S
�y�T�q�q�e�y� 

�L�3�9�3� 
�
 
�
 

�
 
�
 

�"�p�a�z�A
�T

�e�u�e� 
�s�q

�u
�e

�n
�i�i�y�s�u

�o
�d

� 
�p�o�o�t�g� 

�°�C� �S
�T

�a
�e

�L



�o�T� 

�m�i�c�r�o�-�h�e�m�a�t�o�c�r�i�t� �t�u�b�e�s� �(�C�l�a�y�-�A�d�a�m�s�)� �w�e�r�e� �u�s�e�d� �f�o�r� �a�l�l� �d�e�t�e�r�m�i�n�a�t�i�o�n�s�.� 

�T�h�e�s�e� �t�u�b�e�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �5� �m�i�n�u�t�e�s� �u�s�i�n�g� �a� �C�l�a�y�-�A�d�a�m�s� �M�i�c�r�o�-� 

�H�e�m�a�t�o�c�r�i�t� �C�e�n�t�r�i�f�u�g�e� �(�T�a�b�l�e� �5�)�.� 

�T�o�t�a�l� �P�l�a�s�m�a� �P�r�o�t�e�i�n�s� 
� � 

�T�o�t�a�l� �p�l�a�s�m�a� �p�r�o�t�e�i�n�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �d�e�e�r� �u�s�i�n�g� �a� �m�o�d�i�f�i�e�d� 

�b�i�u�r�e�t� �r�e�a�c�t�i�o�n� �w�i�t�h� �a� �T�e�c�h�n�i�c�o�n� �A�u�t�o�A�n�a�l�y�z�e�r� �(�T�e�c�h�n�i�c�o�n� �I�n�s�t�r�u�m�e�n�t�s� 

�C�o�r�p�.�,� �T�a�r�r�y�t�o�w�n�,� �N�e�w� �Y�o�r�k�)�.� �S�a�m�p�l�e�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �a�t� �a�n� �a�b�s�o�r�b�a�n�c�e� 

�o�f� �5�5�0� �n�m� �(�m�u�)�.� �T�o� �t�e�s�t� �t�h�e� �r�e�p�e�a�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �a�s�s�a�y�,� �s�a�m�p�l�e�s� �w�e�r�e� 

�r�u�n� �i�n� �d�u�p�l�i�c�a�t�e� �f�o�r� �t�h�e� �f�i�r�s�t� �1�0�0� �s�a�m�p�l�e�s� �a�n�d� �s�t�a�n�d�a�r�d�s� �w�e�r�e� �r�e�-� 

�p�e�a�t�e�d� �o�f�t�e�n�.� �U�p�o�n� �s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �a�s�s�a�y�,� 

�s�a�m�p�l�e�s� �w�e�r�e� �r�u�n� �s�i�n�g�u�l�a�r�l�y� �w�i�t�h� �s�t�a�n�d�a�r�d�s� �a�f�t�e�r� �e�v�e�r�y� �4�8� �s�a�m�p�l�e�s� 

�(�a�p�p�r�o�x�i�m�a�t�e�l�y� �e�v�e�r�y� �4�5� �m�i�n�u�t�e�s�)�.� �S�t�a�n�d�a�r�d�s� �w�e�r�e� �c�h�e�c�k�e�d� �f�r�o�m� �a�s�s�a�y� 

�t�o� �a�s�s�a�y� �a�n�d� �a�l�l� �v�a�l�u�e�s� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t�.� �T�o�t�a�l� �p�l�a�s�m�a� �p�r�o�t�e�i�n�s� �f�o�r� 

�m�i�c�e� �a�n�d� �r�a�b�b�i�t�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �a� �t�o�t�a�l� �s�o�l�i�d�s� �r�e�f�r�a�c�t�o�m�e�t�e�r� 

�(�A�m�e�r�i�c�a�n� �O�p�t�i�c�a�l� �C�o�m�p�a�n�y�)�.� 

�T�o�t�a�l� �S�e�r�u�m� �P�r�o�t�e�i�n� 
� � 

�T�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �d�e�e�r� �u�s�i�n�g� �t�h�e� �T�e�c�h�n�i�c�o�n� 

�A�u�t�o�A�n�a�l�y�z�e�r� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �f�o�r� �t�o�t�a�l� �p�l�a�s�m�a� �p�r�o�t�e�i�n�s� �(�T�a�b�l�e� �5�)�.� 

�T�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �w�e�r�e� �n�o�t� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �m�i�c�e� �o�r� �r�a�b�b�i�t�s�.� 

�B�l�o�o�d� �U�r�e�a� �N�i�t�r�o�g�e�n� 

�B�l�o�o�d� �u�r�e�a� �n�i�t�r�o�g�e�n� �(�B�U�N�)� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �o�n�l�y� �f�o�r� �t�h�e� �w�h�i�t�e�-� 

�t�a�i�l�e�d� �d�e�e�r�.� �T�h�e� �T�e�c�h�n�i�c�o�n� �A�u�t�o�A�n�a�l�y�z�e�r� �w�a�s� �e�m�p�l�o�y�e�d� �u�s�i�n�g� �a� �m�o�d�i�-� 

�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �d�i�a�c�e�t�y�l� �m�o�n�o�x�i�m�e� �p�r�o�c�e�d�u�r�e� �o�f� �M�a�r�s�h� �e�t� �a�l�.� �(�1�9�6�5�)�.� 

�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �l�i�g�h�t� �t�r�a�n�s�m�i�t�t�a�n�c�e� �w�a�s� �m�e�a�s�u�r�e�d� �a�t� �5�2�0� �n�m�.� �M�I�n�i�-



�5�8� 

�t�i�a�l�l�y� �s�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �i�n� �d�u�p�l�i�c�a�t�e� �a�n�d� �s�t�a�n�d�a�r�d�s� �w�e�r�e� �r�u�n� 

�f�r�e�q�u�e�n�t�l�y� �t�o� �c�h�e�c�k� �t�h�e� �r�e�p�e�a�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �a�s�s�a�y�.� �U�p�o�n� �s�a�t�i�s�f�a�c�t�i�o�n� 

�t�h�a�t� �t�h�e� �a�s�s�a�y� �w�a�s� �f�u�n�c�t�i�o�n�i�n�g� �p�r�o�p�e�r�l�y�,� �s�i�n�g�l�e� �s�a�m�p�l�e�s� �w�e�r�e� �a�s�s�a�y�e�d�.� 

�S�t�a�n�d�a�r�d�s� �w�e�r�e� �r�u�n� �e�v�e�r�y� �h�o�u�r� �a�n�d� �w�e�r�e� �c�o�m�p�a�r�e�d� �f�r�o�m� �h�o�u�r� �t�o� �h�o�u�r�.� 

�G�l�u�c�o�s�e� 

�G�l�u�c�o�s�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �d�e�e�r� �a�n�d� �r�a�b�b�i�t� �s�e�r�u�m� 

�s�a�m�p�l�e�s� �(�T�a�b�l�e� �5�)�.� �A� �W�o�r�t�h�i�n�g�t�o�n� �G�l�u�c�o�s�t�a�t� �R�e�a�g�e�n�t� �S�e�t� �(�W�o�r�t�h�i�n�g�t�o�n� 

�B�i�o�c�h�e�m�i�c�a�l� �C�o�r�p�o�r�a�t�i�o�n�,� �F�r�e�e�h�o�l�d�,� �N�e�w� �J�e�r�s�e�y�)� �w�a�s� �u�s�e�d� �f�o�r� �a� �q�u�a�n�-� 

�t�i�t�a�t�i�v�e� �e�n�z�y�m�a�t�i�c� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�l�u�c�o�s�e�.� �T�h�e� �s�e�m�i�-�m�i�c�r�o� 

�m�e�t�h�o�d� �w�a�s� �e�m�p�l�o�y�e�d� �i�n� �w�h�i�c�h� �0�.�1� �m�l� �o�f� �s�e�r�u�m� �w�a�s� �a�n�a�l�y�z�e�d�.� �D�u�p�l�i�c�a�t�e�s� 

�w�e�r�e� �a�s�s�a�y�e�d� �f�o�r� �t�h�e� �i�n�i�t�i�a�l� �1�0�0� �s�a�m�p�l�e�s�.� �H�a�v�i�n�g� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� 

�t�h�e� �a�s�s�a�y� �w�a�s� �f�u�n�c�t�i�o�n�i�n�g� �a�c�c�e�p�t�a�b�l�y�,� �o�n�l�y� �s�i�n�g�l�e� �s�a�m�p�l�e�s� �w�e�r�e� 

�a�n�a�l�y�z�e�d�.� �S�t�a�n�d�a�r�d� �c�u�r�v�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �w�i�t�h� �e�a�c�h� �s�e�t� �o�f� �1�6� �t�o� 

�3�2� �s�a�m�p�l�e�s� �a�n�d� �t�h�e� �r�e�p�e�a�t�a�b�i�l�i�t�y� �o�f� �s�t�a�n�d�a�r�d�s� �w�a�s� �e�x�a�m�i�n�e�d�.� �S�a�m�p�l�e�s� 

�w�e�r�e� �r�e�a�d� �o�n� �a� �B�a�u�S�c�h� �a�n�d� �L�o�m�b� �S�p�e�c�t�r�o�n�i�c� �2�0� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �a�t� �a�n� 

�a�b�s�o�r�b�a�n�c�e� �o�f� �2�0� �n�m�.� 

�C�o�r�t�i�c�o�i�d� �A�s�s�a�y� 

�A� �c�o�m�p�e�t�e�t�i�v�e� �p�r�o�t�e�i�n� �b�i�n�d�i�n�g� �(�C�P�B�)� �a�n�a�l�y�s�e�s� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� 

�M�u�r�p�h�y� �(�1�9�6�4�;� �1�9�6�7�)� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �a�d�r�e�n�o�c�o�r�t�i�c�o�i�d�s�.� 

�T�h�i�s� �m�e�t�h�o�d� �w�a�s� �o�r�i�g�i�n�a�l�l�y� �e�m�p�l�o�y�e�d� �b�y� �M�u�r�p�h�y� �f�o�r� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� 

�o�f� �c�o�r�t�i�c�o�i�d�s� �i�n� �h�u�m�a�n� �p�l�a�s�m�a�,� �b�u�t� �s�i�n�c�e� �t�h�a�t� �t�i�m�e�,� �s�l�i�g�h�t�l�y� �m�o�d�i�f�i�e�d� 

�m�e�t�h�o�d�s� �h�a�v�e� �b�e�e�n� �a�d�a�p�t�e�d� �t�o� �v�a�r�i�o�u�s� �o�t�h�e�r� �s�p�e�c�i�e�s�.� �T�h�e� �a�c�t�u�a�l� 

�p�r�o�c�e�d�u�r�e�s� �u�s�e�d� �i�n� �t�h�i�s� �r�e�p�o�r�t� �h�a�v�e� �b�e�e�n� �d�e�s�c�r�i�b�e�d� �i�n� �d�e�t�a�i�l� �b�y� 

�S�a�n�d�e�r�s� �(�1�9�7�4�:�2�0�)�.� �C�o�r�t�i�c�o�i�d� �l�e�v�e�l�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �d�e�e�r� �a�n�d



�2�9� 

�r�a�b�b�i�t�s� �(�T�a�b�l�e� �5�)�.� �P�l�a�s�m�a� �q�u�a�n�t�i�t�i�e�s� �o�f� �1�0� �t�o� �5�0� �u�l� �w�e�r�e� �a�s�s�a�y�e�d� �i�n� 

�d�u�p�l�i�c�a�t�e�.� �T�h�e�s�e� �s�a�m�p�l�e�s� �w�e�r�e� �e�x�t�r�a�c�t�e�d� �t�w�i�c�e� �w�i�t�h� �0�.�5� �m�l� �o�f� �p�u�r�e� 

�r�e�d�i�s�t�i�l�l�e�d� �e�t�h�y�l� �a�l�c�o�h�o�l�.� �S�t�a�n�d�a�r�d�s� �w�e�r�e� �r�u�n� �w�i�t�h� �e�v�e�r�y� �a�s�s�a�y� �o�f� 

�8�0� �s�a�m�p�l�e�s� �o�r� �l�e�s�s�,� �a�n�d� �a�n�y� �s�a�m�p�l�e� �w�h�i�c�h� �w�a�s� �i�n�i�t�i�a�l�l�y� �p�l�o�t�t�e�d� �o�n� �a�n� 

�u�n�a�c�c�e�p�t�a�b�l�e� �p�o�i�n�t� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �c�u�r�v�e� �w�a�s� �r�e�r�u�n� �w�i�t�h� �a� �d�i�f�f�e�r�e�n�t� 

�v�o�l�u�m�e� �o�f� �p�l�a�s�m�a�.� �P�r�e�c�i�s�i�o�n� �a�n�d� �a�c�c�u�r�a�c�y� �a�n�d� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�y� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �m�e�t�h�o�d�s� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �M�i�r�a�r�c�h�i� �(�1�9�7�5�:�2�5�)� �a�n�d� �r�e�s�u�l�t�s� 

�a�r�e� �r�e�p�o�r�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�I�.� 

�P�r�o�g�e�s�t�i�n� �A�s�s�a�y� 
� � 

�A�l�l� �f�e�m�a�l�e� �d�e�e�r� �s�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �f�o�r� �t�o�t�a�l� �p�r�o�g�e�s�t�i�n�s�.� �T�h�e� 

�c�o�m�p�e�t�i�t�i�v�e� �p�r�o�t�e�i�n� �b�i�n�d�i�n�g� �a�s�s�a�y� �d�e�s�c�r�i�b�e�d� �b�y� �J�o�h�a�n�s�s�o�n� �(�1�9�7�0�)� �w�a�s� 

�u�s�e�d� �w�i�t�h� �s�o�m�e� �m�o�d�i�f�i�c�a�t�i�o�n�s�.� �T�h�i�s� �a�s�s�a�y� �w�a�s� �d�e�s�c�r�i�b�e�d� �i�n� �d�e�t�a�i�l� �b�y� 

�A�b�l�e�r� �(�1�9�7�4�:�3�5�)�.� �D�u�p�l�i�c�a�t�e� �0�.�5� �m�l� �s�a�m�p�l�e�s� �o�f� �p�l�a�s�m�a� �w�e�r�e� �a�s�s�a�y�e�d� �f�o�r� 

�e�a�c�h� �a�n�i�m�a�l�,� �a�n�d� �w�e�r�e� �r�e�r�u�n� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �v�o�l�u�m�e�s� �o�f� �p�l�a�s�m�a� �i�f� �t�h�e�y� 

�w�e�r�e� �p�l�o�t�t�e�d� �o�n� �u�n�a�c�c�e�p�t�a�b�l�e� �p�o�i�n�t�s� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �c�u�r�v�e�.� �P�r�e�c�i�s�i�o�n� 

�a�n�d� �a�c�c�u�r�a�c�y� �a�n�d� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�y� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� 

�M�i�r�a�r�c�h�i� �(�1�9�7�5�:�2�5�)� �a�n�d� �a�r�e� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�I�I�.� �J�o�h�a�n�s�s�o�n� 

�(�1�9�7�0�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �b�a�t�c�h� �o�f� �p�e�t�r�o�l�e�u�m� �e�t�h�e�r� �u�s�e�d� �i�n� �t�h�e� 

�e�x�t�r�a�c�t�i�o�n� �p�r�o�c�e�d�u�r�e� �s�h�o�u�l�d� �e�x�t�r�a�c�t� �n�o� �m�o�r�e� �t�h�a�n� �0�.�5� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�c�o�r�t�i�c�o�s�t�e�r�o�i�d�s�.� �S�i�n�c�e� �w�e� �d�i�d� �n�o�t� �k�n�o�w� �t�h�e� �e�x�a�c�t� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�c�o�r�t�i�c�o�s�t�e�r�o�i�d�s� �t�h�a�t� �w�e� �m�i�g�h�t� �h�a�v�e� �c�r�o�s�s� �r�e�a�c�t�i�n�g� �i�n� �t�h�e� �a�s�s�a�y�,� �i�t� 

�w�a�s� �d�e�s�i�r�a�b�l�e� �t�o� �h�a�v�e� �s�o�m�e� �m�e�t�h�o�d� �o�f� �v�e�r�i�f�i�c�a�t�i�o�n�.� �A� �r�a�d�i�o�i�m�m�u�n�o�a�s�s�a�y� 

�(�R�I�A�)� �w�i�t�h� �a� �s�p�e�c�i�f�i�c� �e�x�t�r�a�c�t�i�o�n� �p�r�o�c�e�d�u�r�e� �a�n�d� �a�n�t�i�b�o�d�y� �f�o�r� �p�r�o�-� 

�g�e�s�t�e�r�o�n�e� �w�a�s� �c�h�o�s�e�n� �f�o�r� �v�e�r�i�f�i�c�a�t�i�o�n�.� �T�h�i�r�t�y� �s�a�m�p�l�e�s� �f�r�o�m� �w�i�l�d� �d�e�e�r� 

�i�m�m�o�b�i�l�i�z�e�d� �w�i�t�h� �s�u�c�c�i�n�y�l�c�h�o�l�i�n�e� �c�h�l�o�r�i�d�e� �w�e�r�e� �a�s�s�a�y�e�d� �u�s�i�n�g� �a� �R�I�A� 

�p�r�o�c�e�d�u�r�e� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �o�f� �D�r�.� �R�.� �L�.� �B�u�t�c�h�e�r�,� �D�e�p�t�.� �o�f� �O�b�s�t�e�t�r�i�c�s



�6�0� 

�a�n�d� �G�y�n�e�c�o�l�o�g�y�,� �W�e�s�t� �V�i�r�g�i�n�i�a� �U�n�i�v�e�r�s�i�t�y� �M�e�d�i�c�a�l� �C�e�n�t�e�r�,� �M�o�r�g�a�n�t�o�w�n�,� 

�W�e�s�t� �V�i�r�g�i�n�i�a�.� 

�A�n�d�r�o�g�e�n� �A�s�s�a�y� 

�A� �m�o�d�i�f�i�e�d� �v�e�r�s�i�o�n� �o�f� �M�u�r�p�h�y�'�s� �(�1�9�6�4�;� �1�9�6�8�)� �c�o�m�p�e�t�e�t�i�v�e� �p�r�o�t�e�i�n� 

�b�i�n�d�i�n�g� �p�r�o�c�e�d�u�r�e� �w�a�s� �u�s�e�d�.� �R�o�s�e�n�f�i�e�l�d� �(�1�9�7�1�)� �m�o�d�i�f�i�e�d� �t�h�i�s� �p�r�o�c�e�d�u�r�e�,� 

�a�n�d� �a�l�l� �m�a�l�e� �d�e�e�r� �s�a�m�p�l�e�s� �w�e�r�e� �a�s�s�a�y�e�d� �u�s�i�n�g� �a� �s�l�i�g�h�t� �r�e�v�i�s�i�o�n� �o�f� 

�t�h�e� �"�r�a�p�i�d�"� �t�e�s�t�o�s�t�e�r�o�n�e� �m�e�t�h�o�d� �o�f� �R�o�s�e�n�f�i�e�l�d�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �w�a�s� 

�d�e�s�c�r�i�b�e�d� �i�n� �d�e�t�a�i�l� �b�y� �M�i�r�a�r�c�h�i� �(�1�9�7�5�:�2�1�)�.� �P�l�a�s�m�a� �v�o�l�u�m�e�s� �w�e�r�e� �v�a�r�i�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �m�o�n�t�h� �o�f� �t�h�e� �y�e�a�r� �t�h�e� �a�n�i�m�a�l� �w�a�s� �s�a�m�p�l�e�d� �(�A�p�p�e�n�d�i�x� 

�T�a�b�l�e� �V�I�I�I�)�.� �T�w�o� �d�i�f�f�e�r�e�n�t� �p�l�a�s�m�a� �v�o�l�u�m�e�s� �w�e�r�e� �e�x�t�r�a�c�t�e�d� �f�o�r� �e�a�c�h� 

�b�l�o�o�d� �s�a�m�p�l�e�.� �I�f� �t�h�e�s�e� �v�a�l�u�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �t�o� �f�a�l�l� �w�i�t�h�i�n� �a�n� 

�u�n�a�c�c�e�p�t�a�b�l�e� �r�a�n�g�e� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �c�u�r�v�e�,� �t�h�e�y� �w�e�r�e� �r�e�a�s�s�a�y�e�d� �a�t� 

�d�i�f�f�e�r�e�n�t� �p�l�a�s�m�a� �v�o�l�u�m�e�s�.� �P�r�e�c�i�s�i�o�n� �a�n�d� �a�c�c�u�r�a�c�y� �a�n�d� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�y� 

�w�e�r�e� �p�e�r�f�o�r�m�e�d� �f�o�r� �t�h�i�s� �a�s�s�a�y� �(�M�i�r�a�r�c�h�i� �1�9�7�5�:�2�5�)� �a�n�d� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� 

�A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�I�I�I�.� �A�l�l� �d�e�t�e�r�m�i�n�a�t�i�o�n�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �f�o�r� �t�h�e� �a�p�p�r�o�-� 

�p�r�i�a�t�e� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�y� �t�o� �a�p�p�r�o�x�i�m�a�t�e� �1�0�0� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�y�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�e�s� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �f�o�r� �d�e�e�r� �w�a�s� �i�n�t�e�r�p�r�e�t�e�d� �a�s� �a� �f�a�c�t�o�r�i�a�l� 

�a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�r�e�a�t�m�e�n�t� �(�d�r�u�g�g�e�d� �o�r� �p�h�y�s�i�c�a�l�l�y� �r�e�s�t�r�a�i�n�e�d�)�,� �s�e�x�,� �a�n�d� 

�t�i�m�e�.� �T�h�e� �t�e�s�t� �f�o�r� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �w�a�s� �b�a�s�e�d� �o�n� �a� �l�e�a�s�t� �s�q�u�a�r�e�s� 

�r�e�g�r�e�s�s�i�o�n� �p�r�i�n�c�i�p�l�e� �d�u�e� �t�o� �t�h�e� �u�n�e�q�u�a�l� �s�a�m�p�l�e� �s�i�z�e�s� �e�n�c�o�u�n�t�e�r�e�d� �i�n� 

�t�h�e� �d�a�t�a�.� �T�h�e� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �w�a�s� �u�s�e�d� �p�r�i�m�a�r�i�l�y� �t�o� �d�e�t�e�r�m�i�n�e� 

�i�f� �d�i�f�f�e�r�e�n�c�e�s� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �v�a�r�i�o�u�s� �b�l�o�o�d� �c�o�n�s�t�i�t�u�e�n�t�s� �(�e�x�c�e�p�t� 

�a�n�d�r�o�g�e�n�s� �a�n�d� �p�r�o�g�e�s�t�i�n�s�)� �d�u�e� �t�o� �t�r�e�a�t�m�e�n�t� �a�n�d� �o�v�e�r� �t�i�m�e�.� �A�n� �e�r�r�o�r� 

�m�e�a�n� �s�q�u�a�r�e� �t�e�r�m� �a�n�d� �e�r�r�o�r� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m



�6�1� 

�t�h�e� �l�e�a�s�t� �s�q�u�a�r�e�s� �p�r�o�c�e�d�u�r�e�.� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �l�o�c�a�t�e�d� 

�w�i�t�h� �K�r�a�m�e�r�'�s� �(�1�9�5�6�)� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �D�u�n�c�a�n�'�s� �m�u�l�t�i�p�l�e� �r�a�n�g�e� �t�e�s�t�,� 

�d�u�e� �t�o� �t�h�e� �u�n�e�q�u�a�l� �s�a�m�p�l�e� �s�i�z�e�s�.� �S�i�m�p�l�e� �c�o�r�r�e�l�a�t�i�o�n� �a�n�a�l�y�s�e�s� �w�e�r�e� 

�c�o�n�d�u�c�t�e�d� �o�n� �a�l�l� �b�l�o�o�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �d�e�e�r�.� �A�l�l� �a�n�a�l�y�s�e�s� �o�f� 

�v�a�r�i�a�n�c�e� �a�n�d� �c�o�r�r�e�l�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �t�h�e� �s�t�a�t�i�s�-� 

�t�i�c�a�l� �a�n�a�l�y�s�e�s� �s�y�s�t�e�m� �(�S�A�S�)� �o�f� �B�a�r�r� �a�n�d� �G�o�o�d�n�i�g�h�t� �(�1�9�7�1�)�.� �A�n�d�r�o�g�e�n�s� 

�a�n�d� �p�r�o�g�e�s�t�i�n�s�,� �d�u�e� �t�o� �t�h�e�i�r� �s�e�a�s�o�n�a�l� �l�e�v�e�l�s� �o�f� �p�r�o�d�u�c�t�i�o�n�,� �w�e�r�e� �n�o�t� 

�g�o�o�d� �f�i�t�s� �f�o�r� �t�h�e� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�.� �T�h�e�r�e�f�o�r�e� �t�h�e�s�e� �v�a�l�u�e�s� �w�e�r�e� 

�n�o�t� �a�n�a�l�y�s�e�d� �u�s�i�n�g� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�,� �a�n�d� �a� �n�o�n�p�a�r�a�m�e�t�r�i�c� �p�r�o�-� 

�c�e�d�u�r�e� �w�h�i�c�h� �d�i�d� �n�o�t� �a�s�s�u�m�e� �a� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �e�m�p�l�o�y�e�d�.� �T�h�i�s� 

�p�r�o�c�e�d�u�r�e� �w�a�s� �t�h�e� �F�r�i�e�d�m�a�n� �R�a�n�k� �S�u�m� �T�e�s�t� �(�H�o�l�l�a�n�d�e�r� �a�n�d� �W�o�l�f�e� 

�1�9�7�3�:�1�3�8�)�.� 

�M�e�a�n�s� �a�n�d� �s�t�a�n�d�a�r�d� �e�r�r�o�r�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �a�l�l� �r�a�b�b�i�t� �a�n�d� 

�m�i�c�e� �v�a�l�u�e�s�.� �T�r�e�a�t�e�d� �a�n�d� �n�o�n�-�t�r�e�a�t�e�d� �m�e�a�n�s� �w�e�r�e� �t�e�s�t�e�d� �a�t� �a�l�l� �b�l�e�e�d�-� 

�i�n�g� �t�i�m�e�s� �f�o�r� �m�i�c�e� �u�s�i�n�g� �S�t�u�d�e�n�t�'�s� �t�-�t�e�s�t�.� �V�a�l�u�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�b�l�e�e�d�i�n�g�s� �o�f� �r�a�b�b�i�t�s� �t�a�k�e�n� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �d�r�u�g� �t�r�e�a�t�m�e�n�t� �w�e�r�e� 

�c�o�m�p�a�r�e�d� �u�s�i�n�g� �S�t�u�d�e�n�t�'�s� �+�-�t�e�s�t� �f�o�r� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �m�e�a�n�s�.



�R�E�S�U�L�T�S� 

�D�r�u�g� �S�u�c�c�e�s�s� 

�s�c�C� 

�I�n�d�i�v�i�d�u�a�l� �d�o�s�e�s�,� �t�i�m�e� �t�o� �i�m�m�o�b�i�l�i�z�a�t�i�o�n�,� �a�n�d� �t�o�t�a�l� �t�i�m�e� �r�e�c�u�m�b�a�n�t� 

�f�o�r� �c�a�p�t�i�v�e� �d�e�e�r� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �I�.� �W�h�e�n� �i�n�j�e�c�t�e�d� �a�s� 

�a� �l�i�q�u�i�d�,� �a� �d�o�s�e� �o�f� �5�.�0� �m�g� �S�C�C� �p�e�r� �d�e�e�r� �w�a�s� �s�u�f�f�i�c�i�e�n�t� �f�o�r� �i�m�m�o�b�i�l�i�z�a�-� 

�t�i�o�n� �o�f� �c�a�p�t�i�v�e� �a�d�u�l�t� �d�e�e�r� �i�n� �t�h�e� �w�e�i�g�h�t� �r�a�n�g�e� �5�5� �t�o� �8�0� �k�g�.�  ��T�w�o� �o�f� 

�t�w�e�n�t�y� �c�a�p�t�i�v�e� �d�e�e�r� �d�i�e�d� �f�o�l�l�o�w�i�n�g� �i�m�m�o�b�i�l�i�z�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �t�h�e�s�e� �d�e�e�r� 

�w�e�i�g�h�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�5� �k�g�.� �D�o�s�a�g�e�s� �o�f� �S�C�C� �a�n�d� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �t�i�m�e�s� 

�f�o�r� �w�i�l�d� �d�e�e�r� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �I�I�.� �D�a�r�t�s� �c�o�n�t�a�i�n�i�n�g� 

�a�r�y�-�p�o�w�d�e�r�e�d� �S�C�C� �w�e�r�e� �u�s�e�d�,� �a�n�d� �d�o�s�e�s� �o�f� �7� �m�g� �a�n�d� �9� �m�g� �w�e�r�e� �m�o�s�t� �s�u�c�-� 

�c�e�s�s�f�u�l� �(�l�o�w�e�s�t�,� �m�o�r�t�a�l�i�t�y�,� �h�i�g�h�e�s�t� �s�u�c�c�e�s�s� �r�a�t�e�)� �f�o�r� �d�o�e�s� �a�n�d� �b�u�c�k�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �A�n�i�m�a�l�s� �w�e�r�e� �i�m�m�o�b�i�l�i�z�e�d� �r�e�l�a�t�i�v�e�l�y� �q�u�i�c�k�l�y�,� �y�e�t� �e�v�e�n� 

�w�i�t�h� �m�u�c�h� �o�p�e�n� �s�p�a�c�e� �t�o� �o�b�s�e�r�v�e� �d�e�e�r�,� �s�o�m�e� �d�e�e�r� �w�e�r�e� �m�o�b�i�l�e� �l�o�n�g� �e�n�o�u�g�h� 

�t�o� �r�u�n� �o�u�t� �o�f� �s�i�g�h�t�.� �S�u�c�c�e�s�s� �w�i�t�h� �v�a�r�i�o�u�s� �d�a�r�t� �d�o�s�e�s� �w�a�s� �e�x�t�r�e�m�e�l�y� 

�i�n�c�o�n�s�i�s�t�e�n�t�,� �a�p�p�a�r�e�n�t�l�y� �e�i�t�h�e�r� �i�n�d�i�c�a�t�i�n�g� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �d�r�u�g� 

�i�n�j�e�c�t�i�o�n� �s�y�s�t�e�m� �o�r� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�u�s� �o�f� �i�n�d�i�-� 

�v�i�d�u�a�l� �d�e�e�r�.� �O�f� �3�0� �w�i�l�d� �d�e�e�r� �i�m�m�o�b�i�l�i�z�e�d� �a�n�d� �r�e�c�o�v�e�r�e�d�,� �n�o� �m�o�r�t�a�l�i�t�y� 

�w�a�s� �e�x�p�e�r�i�e�n�c�e�d�.� 

�T�h�e� �s�u�c�c�e�s�s� �o�f� �S�C�C� �i�n� �c�o�t�t�o�n�t�a�i�l� �r�a�b�b�i�t�s� �w�a�s� �v�a�r�i�a�b�l�e�.� �S�o�m�e� 

�a�n�i�m�a�l�s� �w�e�r�e� �v�i�s�i�b�l�y� �a�f�f�e�c�t�e�d� �b�u�t� �n�o�t� �i�m�m�o�b�i�l�i�z�e�d�,� �w�h�i�l�e� �o�t�h�e�r�s� �w�e�r�e� 

�c�o�m�p�l�e�t�e�l�y� �i�m�m�o�b�i�l�i�z�e�d�.� �D�o�s�a�g�e�s� �f�o�r� �r�a�b�b�i�t�s� �a�n�d� �m�i�c�e� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� 

�A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�.� �R�e�s�u�l�t�s� �w�i�t�h� �m�i�c�e� �w�e�r�e� �v�e�r�y� �i�n�c�o�n�s�i�s�t�e�n�t� �a�n�d� �g�e�n�e�r�-� 

�a�l�l�y� �u�n�s�a�t�i�s�f�a�c�t�o�r�y�.� �S�o�m�e� �m�i�c�e� �w�e�r�e� �k�i�l�l�e�d� �b�y� �t�h�e� �d�r�u�g�,� �s�o�m�e� �w�e�r�e� 

�i�m�m�o�b�i�l�i�z�e�d� �a�n�d� �s�u�r�v�i�v�e�d�,� �w�h�i�l�e� �o�t�h�e�r�s� �w�e�r�e� �a�p�p�a�r�e�n�t�l�y� �n�o�t� �a�f�f�e�c�t�e�d� �a�t� 

�6�2



�6�3� 

�a�l�l�.� �T�h�e�r�e� �a�p�p�e�a�r�e�d� �t�o� �b�e� �d�i�u�r�n�a�l� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �m�i�c�e� 

�t�o� �t�h�e� �d�r�u�g�.� 

�R�O�-�5 �� �3�4�4�8� 

�D�a�t�a� �o�n� �d�o�s�a�g�e�s�,� �l�e�n�g�t�h� �o�f� �t�i�m�e� �a�f�f�e�c�t�e�d�,� �a�n�d� �c�e�r�t�a�i�n� �r�e�c�o�m�m�e�n�d�a�-� 

�t�i�o�n�s� �f�o�r� �u�s�e� �w�i�t�h� �c�a�p�t�i�v�e� �d�e�e�r� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �I�I�I�.� 

�T�h�e� �d�r�u�g� �w�a�s� �e�a�s�i�l�y� �a�d�m�i�n�i�s�t�e�r�e�d� �t�o� �t�h�e� �c�a�p�t�i�v�e� �d�e�e�r� �i�n� �a� �c�a�p�s�u�l�e� 

�w�i�t�h�i�n� �a� �p�e�a�n�u�t� �s�h�e�l�l�.� �I�n�s�u�f�f�i�c�i�e�n�t� �d�o�s�a�g�e�s� �(�<� �5� �m�g�/�k�g�)� �a�p�p�a�r�e�n�t�l�y� 

�r�e�s�u�l�t�e�d� �i�n� �m�a�n�y� �u�n�d�e�s�i�r�a�b�l�e� �e�f�f�e�c�t�s�.� �D�e�e�r� �e�x�h�i�b�i�t�e�d� �t�r�e�m�o�r�s�,� �s�a�l�i�-� 

�v�a�t�i�o�n�,� �w�i�l�d� �e�x�c�i�t�e�m�e�n�t�,� �a�n�d� �a�n� �a�p�p�a�r�e�n�t� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �t�h�r�e�s�h�o�l�d� �f�o�r� 

�s�t�i�m�u�l�a�t�i�o�n� �w�h�e�n� �g�i�v�e�n� �i�n�a�d�e�q�u�a�t�e� �d�o�s�e� �l�e�v�e�l�s�.� �A�f�t�e�r� �3� �t�o� �6� �h�o�u�r�s�,� �m�o�s�t� 

�o�f� �t�h�e�s�e� �u�n�d�e�s�i�r�a�b�l�e� �e�f�f�e�c�t�s� �h�a�d� �t�e�r�m�i�n�a�t�e�d�.� �A�t� �d�o�s�a�g�e�s� �g�r�e�a�t�e�r� �t�h�a�n� 

�5� �m�g�/�k�g� �(�5�-�1�0� �m�g�/�k�g�)� �r�e�s�u�l�t�s� �w�e�r�e� �v�e�r�y� �s�a�t�i�s�f�a�c�t�o�r�y�.� �D�r�u�g� �e�f�f�e�c�t�s� 

�b�e�c�a�m�e� �a�p�p�a�r�e�n�t� �i�n� �1�0� �t�o� �6�0� �m�i�n�u�t�e�s�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �r�e�m�a�i�n�e�d� �e�v�i�d�e�n�t� 

�f�o�r� �u�p� �t�o� �7�2� �h�o�u�r�s�.� �D�e�e�r� �e�x�h�i�b�i�t�e�d� �c�a�l�m�n�e�s�s�,� �m�u�s�c�l�e� �r�e�l�a�x�a�t�i�o�n�,� 

�f�a�t�i�g�u�e�,� �d�r�o�w�s�i�n�e�s�s�,� �a�n�d� �i�n� �m�o�s�t� �c�a�s�e�s�,� �a�t�a�x�i�a�.� �O�f�t�e�n� �d�e�e�r� �c�o�u�l�d� 

�r�e�m�a�i�n� �o�n� �t�h�e�i�r� �f�e�e�t� �i�f� �u�n�d�i�s�t�u�r�b�e�d�,� �b�u�t� �t�h�e�y� �c�o�u�l�d� �b�e� �e�a�s�i�l�y� �r�e�s�t�r�a�i�n�e�d� 

�f�o�r� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �b�l�o�o�d� �s�a�m�p�l�e�s�.� �T�h�e� �t�h�r�e�s�h�o�l�d� �o�f� �s�t�i�m�u�l�a�t�i�o�n� 

�a�p�p�e�a�r�e�d� �t�o� �i�n�c�r�e�a�s�e� �i�n� �t�h�o�s�e� �d�e�e�r� �r�e�c�e�i�v�i�n�g� �a�n� �a�d�e�q�u�a�t�e� �d�o�s�e� �l�e�v�e�l�.� 

�W�h�i�l�e� �d�r�u�g�g�e�d�,� �d�e�e�r� �c�o�u�l�d� �m�o�v�e� �u�n�d�e�r� �t�h�e�i�r� �o�w�n� �p�o�w�e�r� �a�n�d� �d�i�r�e�c�t�i�o�n�,� 

�a�n�d� �w�e�r�e� �a�b�l�e� �t�o� �f�e�e�d�,� �d�r�i�n�k�,� �a�n�d� �d�i�d� �n�o�t� �r�e�q�u�i�r�e� �c�o�n�s�t�a�n�t� �c�a�r�e� �b�y� 

�t�h�e� �i�n�v�e�s�t�i�g�a�t�o�r�.� �N�o� �c�o�m�p�l�i�c�a�t�i�o�n�s� �d�i�r�e�c�t�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �d�r�u�g� �w�e�r�e� 

�o�b�s�e�r�v�e�d� �i�n� �c�a�p�t�i�v�e� �d�e�e�r�.� 

�T�h�e� �a�t�t�e�m�p�t� �t�o� �c�a�p�t�u�r�e� �w�i�l�d� �f�r�e�e�-�r�a�n�g�i�n�g� �d�e�e�r� �w�i�t�h� �R�O�-�5�-�3�4�4�8� �w�a�s� 

�l�a�r�g�e�l�y� �u�n�s�u�c�c�e�s�s�f�u�l�.� �R�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�r�e� �a�r�e� �s�i�t�u�a�t�i�o�n�s� �w�h�e�r�e
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�t�h�e� �d�r�u�g� �c�o�u�l�d� �p�r�o�v�e� �u�s�e�f�u�l�.� �D�e�e�r� �c�o�n�s�u�m�e�d� �a�l�l� �b�a�i�t�,� �d�r�u�g�,� �a�n�d� �s�t�i�c�k�e�r� 

�w�i�t�h� �n�o� �a�p�p�a�r�e�n�t� �a�v�e�r�s�i�o�n� �t�o� �t�h�e� �t�a�s�t�e�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �5�0� �d�e�e�r� �w�e�r�e� 

�d�r�u�g�g�e�d� �a�n�d� �a�p�p�a�r�e�n�t�l�y� �m�o�s�t� �d�i�d� �n�o�t� �m�o�v�e� �f�a�r� �f�r�o�m� �t�h�e� �b�a�i�t� �s�i�t�e� �d�u�r�i�n�g� 

�t�h�e� �n�i�g�h�t�.� �D�e�e�r� �w�e�r�e� �d�e�f�i�n�i�t�e�l�y� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �d�r�u�g�,� �a�n�d� �w�e�r�e� �a�t�a�x�i�c� 

�w�h�e�n� �f�i�r�s�t� �a�p�p�r�o�a�c�h�e�d�.� �H�o�w�e�v�e�r�,� �u�p�o�n� �p�u�r�s�u�i�t� �t�h�e�y� �a�p�p�a�r�e�n�t�l�y� �w�e�r�e� �a�b�l�e� 

�t�o� �o�v�e�r�c�o�m�e� �m�o�s�t� �o�f� �t�h�e� �d�r�u�g� �e�f�f�e�c�t�s� �a�n�d� �c�o�u�l�d� �r�u�n� �q�u�i�t�e� �w�e�l�l�.� �F�o�u�r� 

�d�e�e�r� �w�e�r�e� �c�a�p�t�u�r�e�d� �w�h�e�n� �s�u�r�r�o�u�n�d�e�d� �n�e�a�r� �f�e�n�c�e�s�,� �b�u�t� �i�t� �w�a�s� �f�e�l�t� �t�h�a�t� 

�b�l�o�o�d� �s�a�m�p�l�e�s� �f�r�o�m� �t�h�e�s�e� �a�n�i�m�a�l�s� �w�o�u�l�d� �n�o�t� �b�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�.� �O�n�e� �d�o�e� 

�c�a�p�t�u�r�e�d� �w�h�i�l�e� �u�n�d�e�r� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �d�r�u�g� �d�i�e�d�,� �b�u�t� �a�t� �n�e�c�r�o�p�s�y� 

�w�a�s� �f�o�u�n�d� �t�o� �h�a�v�e� �a� �p�r�e�v�i�o�u�s� �i�n�j�u�r�y� �t�o� �a� �l�u�n�g�.� �W�h�i�l�e� �t�h�e� �f�o�u�r� �d�e�e�r� �w�e�r�e� 

�c�a�p�t�u�r�e�d�,� �t�h�e� �r�e�s�t� �h�a�d� �b�e�e�n� �s�c�a�t�t�e�r�e�d� �l�o�n�g� �d�i�s�t�a�n�c�e�s� �a�n�d� �f�u�r�t�h�e�r� �a�t�t�e�m�p�t�s� 

�a�t� �c�a�p�t�u�r�e� �w�e�r�e� �n�o�t� �m�a�d�e�.� �D�e�e�r� �w�e�r�e� �o�b�s�e�r�v�e�d� �t�o� �e�x�h�i�b�i�t� �e�f�f�e�c�t�s� �d�u�e� 

�t�o� �t�h�e� �d�r�u�g� �f�o�r� �a�t� �l�e�a�s�t� �2� �d�a�y�s�.� �A�l�l� �d�r�u�g�g�e�d� �d�e�e�r� �a�p�p�e�a�r�e�d� �t�o� �s�u�r�v�i�v�e� 

�t�h�e� �l�e�n�g�t�h�y� �e�f�f�e�c�t�s�,� �b�u�t� �a�s� �t�h�e� �a�r�e�a� �w�a�s� �f�e�n�c�e�d�,� �p�o�s�s�i�b�l�e� �h�a�r�a�s�s�m�e�n�t� �b�y� 

�h�u�m�a�n�s� �a�n�d� �d�o�g�s� �w�a�s� �e�l�i�m�i�n�a�t�e�d�.� �T�h�e� �f�a�i�l�u�r�e� �o�f� �t�h�i�s� �a�t�t�e�m�p�t� �t�o� �c�a�p�t�u�r�e� 

�w�i�l�d� �d�e�e�r� �w�a�s� �p�r�i�m�a�r�i�l�y� �d�u�e� �t�o� �t�h�e� �m�e�t�h�o�d�s� �e�m�p�l�o�y�e�d�.� �D�e�e�r� �h�a�d� �t�o� �b�e� 

�c�a�p�t�u�r�e�d� �i�n� �d�a�y�l�i�g�h�t� �d�u�e� �t�o� �s�a�f�e�t�y� �r�e�g�u�l�a�t�i�o�n�s� �p�r�o�h�i�b�i�t�i�n�g� �l�i�g�h�t�s� �w�i�t�h�i�n� 

�t�h�e� �m�i�l�i�t�a�r�y� �f�a�c�i�l�i�t�y�.� �H�a�d� �a�n� �a�t�t�e�m�p�t� �b�e�e�n� �m�a�d�e� �w�i�t�h� �l�i�g�h�t�s� �a�t� �n�i�g�h�t�,� �i�t� 

�i�s� �p�r�o�b�a�b�l�e� �t�h�e� �r�e�s�u�l�t�s� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �n�o�t�a�b�l�y� �i�m�p�r�o�v�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�b�a�i�t� �s�t�a�t�i�o�n�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�o�o� �c�l�o�s�e� �p�r�o�x�i�m�i�t�y�;� �r�e�s�u�l�t�i�n�g� �i�n� �m�a�n�y� 

�d�e�e�r� �b�e�i�n�g� �e�x�c�i�t�e�d� �b�y� �t�h�e� �p�u�r�s�u�i�t� �o�f� �o�n�e� �a�n�i�m�a�l�.� 

�D�o�s�a�g�e�s� �f�o�r� �r�a�b�b�i�t�s� �a�n�d� �m�i�c�e� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�.� 

�R�e�s�u�l�t�s� �w�i�t�h� �R�O�-�5�-�3�4�4�8� �i�n� �b�o�t�h� �s�p�e�c�i�e�s� �w�e�r�e� �e�x�c�e�l�l�e�n�t� �a�s� �a�l�l� �a�n�i�m�a�l�s� 

�w�e�r�e� �t�r�a�n�q�u�i�l�i�z�e�d� �a�n�d� �e�a�s�i�l�y� �h�a�n�d�l�e�d�.
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�P�H� �+� �P� 

�P�h�e�n�c�y�c�l�i�d�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �(�P�H�)� �g�i�v�e�n� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� 

�p�r�o�m�a�z�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �(�P�)� �p�r�o�v�e�d� �v�e�r�y� �d�e�s�i�r�a�b�l�e� �f�o�r� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� 

�o�f� �c�a�p�t�i�v�e� �d�e�e�r�.� �D�a�t�a� �o�n� �d�o�s�a�g�e�s�,� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �t�i�m�e�s�,� �a�n�d� �r�e�c�u�m�b�a�n�c�y� 

�p�e�r�i�o�d�s� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �I�V�.� �A� �d�o�s�a�g�e� �o�f� �2�0�0� �m�g� �P�H� 

�p�l�u�s� �1�5�0� �m�g� �P� �a�p�p�e�a�r�e�d� �t�o� �b�e� �s�a�f�e� �a�n�d� �a�d�e�q�u�a�t�e� �f�o�r� �a�l�l� �c�a�p�t�i�v�e� �d�e�e�r� 

�r�a�n�g�i�n�g� �f�r�o�m� �4�5� �t�o� �9�0� �k�g�.� �T�h�i�s� �p�r�o�v�i�d�e�d� �a� �v�e�r�y� �d�e�s�i�r�a�b�l�e� �m�a�r�g�i�n� �o�f� 

�s�a�f�e�t�y�.� �A�l�l� �d�e�e�r� �c�o�l�l�a�p�s�e�d� �q�u�i�c�k�l�y�;� �h�o�w�e�v�e�r�,� �t�h�e�y� �r�e�m�a�i�n�e�d� �r�e�c�u�m�b�a�n�t� 

�f�o�r� �a� �r�e�l�a�t�i�v�e�l�y� �l�o�n�g� �p�e�r�i�o�d� �(�u�p� �t�o� �4� �h�o�u�r�s�)�.� �A�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �P�H� �+� �P� 

�b�e�c�a�m�e� �e�v�i�d�e�n�t�,� �t�h�e� �e�a�r�s� �d�r�o�o�p�e�d�,� �a�n�d� �t�h�e� �d�e�e�r� �b�e�c�a�m�e� �s�t�i�f�f�~�l�e�g�g�e�d� �a�s� 

�t�h�e�y� �t�r�i�e�d� �t�o� �r�e�m�a�i�n� �o�n� �t�h�e�i�r� �f�e�e�t�.� �E�v�e�n�t�u�a�l�l�y� �t�h�e� �d�e�e�r� �l�o�s�t� �b�a�l�a�n�c�e� 

�a�n�d� �f�e�l�l�.� �U�s�u�a�l�l�y� �t�h�e� �f�e�e�t� �a�n�d� �l�e�g�s� �r�e�m�a�i�n�e�d� �s�t�i�f�f� �f�o�r� �t�h�e� �f�i�r�s�t� �f�e�w� 

�m�i�n�u�t�e�s� �a�f�t�e�r� �f�a�l�l�i�n�g�.� �M�o�s�t� �d�e�e�r� �a�p�p�e�a�r�e�d� �t�o� �b�e� �i�n� �a� �c�a�t�a�l�e�p�t�i�c� �s�t�a�t�e� 

�w�h�i�l�e� �r�e�c�u�m�b�e�n�t�.� �T�h�e�r�e� �w�a�s� �l�i�t�t�l�e� �e�v�i�d�e�n�c�e� �o�f� �s�a�l�i�v�a�t�i�o�n� �o�r� �b�r�e�a�t�h�i�n�g� 

�p�r�o�b�l�e�m�s�.� �P�r�o�b�l�e�m�s� �w�i�t�h� �b�l�o�a�t�i�n�g�,� �w�h�i�c�h� �m�i�g�h�t� �b�e� �e�x�p�e�c�t�e�d� �d�u�e� �t�o� �t�h�e� 

�l�o�n�g� �r�e�c�u�m�b�a�n�c�y� �w�e�r�e� �n�o�t� �e�n�c�o�u�n�t�e�r�e�d�.� �C�o�r�n�e�a�l�,� �p�a�l�p�e�b�r�a�l�,� �p�e�d�a�l�,� 

�l�a�r�y�n�g�e�a�l�,� �a�n�d� �p�h�a�r�y�n�g�e�a�l� �r�e�f�l�e�x�e�s� �w�e�r�e� �a�l�l� �e�v�i�d�e�n�t�.� �S�o�m�e� �d�e�e�r� �a�t�t�e�m�p�t�e�d� 

�t�o� �r�i�s�e� �a�s� �m�u�c�h� �a�s� �1� �h�o�u�r� �b�e�f�o�r�e� �t�h�e�y� �w�e�r�e� �c�a�p�a�b�l�e� �o�f� �s�t�a�n�d�i�n�g�.� �D�i�f�-� 

�f�i�c�u�l�t�y� �i�n� �s�t�a�n�d�i�n�g� �m�a�y� �h�a�v�e� �b�e�e�n� �d�u�e� �t�o� �s�t�i�f�f�n�e�s�s� �i�n� �t�h�e� �l�i�m�b�s�.� �O�t�h�e�r� 

�d�e�e�r� �w�e�r�e� �a�b�l�e� �t�o� �s�t�a�n�d� �o�n� �t�h�e�i�r� �f�i�r�s�t� �a�t�t�e�m�p�t�.� �N�o� �e�x�c�i�t�e�m�e�n�t� �w�a�s� 

�n�o�t�e�d� �i�n� �a�n�y� �d�e�e�r�,� �a�s� �a�l�l� �l�a�i�d� �q�u�i�e�t�l�y� �a�n�d� �a�p�p�a�r�e�n�t�l�y� �w�e�r�e� �u�n�a�w�a�r�e� 

�o�f�,� �o�r� �u�n�c�o�n�c�e�r�n�e�d� �a�b�o�u�t� �t�h�e� �i�n�v�e�s�t�i�g�a�t�o�r�s�'� �p�r�e�s�e�n�c�e�.� �T�h�i�s� �f�a�c�t�o�r� 

�m�a�y� �p�r�o�v�e� �d�e�s�i�r�a�b�l�e� �f�o�r� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�e�a�r�c�h�,� �a�s� �t�h�e� �i�n�v�e�s�t�i�g�a�t�o�r�s�'� 

�p�r�e�s�e�n�c�e� �d�o�e�s� �n�o�t� �"�s�t�r�e�s�s�"� �t�h�e� �d�e�e�r�.� �P�r�o�b�l�e�m�s� �w�i�t�h� �P�H� �+� �P� �m�a�y� �a�r�i�s�e� 

�w�h�e�n� �u�s�e�d� �i�n� �t�h�e� �f�i�e�l�d� �d�u�e� �t�o� �t�h�e� �l�e�n�g�t�h� �o�f� �r�e�c�u�m�b�a�n�c�y�.� �P�h�e�n�c�y�c�l�i�d�i�n�e
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�w�a�s� �g�i�v�e�n� �a�l�o�n�e� �t�o� �o�n�e� �d�e�e�r� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �w�e�r�e� �u�n�s�a�t�i�s�f�a�c�t�o�r�y�.� 

�W�i�t�h�o�u�t� �p�r�o�m�a�z�i�n�e� �t�h�e� �d�e�e�r� �e�x�h�i�b�i�t�e�d� �p�o�o�r� �m�u�s�c�l�e� �r�e�l�a�x�a�t�i�o�n�,� �d�i�s�o�r�i�-� 

�e�n�t�a�t�i�o�n�,� �a�n�d� �e�x�c�i�t�e�m�e�n�t�.� 

�R�a�b�b�i�t�s� �a�n�d� �m�i�c�e� �w�e�r�e� �i�m�m�o�b�i�l�i�z�e�d� �s�u�c�c�e�s�s�f�u�l�l�y� �w�i�t�h� �P�H� �+� �P�.� 

�D�o�s�a�g�e�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e� �V�.� 

�M�a�n�u�a�l� �R�e�s�t�r�a�i�n�t� 

�I�n� �a�l�l� �c�a�s�e�s� �d�e�e�r� �e�x�h�i�b�i�t�e�d� �e�x�c�i�t�e�m�e�n�t�,� �p�o�s�s�i�b�l�y� �f�e�a�r�,� �a�n�d� �i�n�-� 

�c�r�e�a�s�e�d� �m�u�s�c�u�l�a�r� �a�c�t�i�v�i�t�y� �w�h�e�n� �a�t�t�e�m�p�t�s� �w�e�r�e� �m�a�d�e� �t�o� �p�h�y�s�i�c�a�l�l�y� �r�e�s�t�r�a�i�n� 

�t�h�e�m�.� �S�o�m�e� �d�e�e�r� �s�h�o�w�e�d� �a� �m�u�c�h� �g�r�e�a�t�e�r� �d�e�g�r�e�e� �o�f� �e�x�c�i�t�e�m�e�n�t� �t�h�a�n� 

�o�t�h�e�r�s�,� �a�n�d� �s�o�m�e� �d�e�e�r� �w�e�r�e� �m�u�c�h� �e�a�s�i�e�r� �t�o� �c�a�t�c�h� �t�h�a�n� �o�t�h�e�r� �d�e�e�r�.� �H�e�a�r�t� 

�r�a�t�e� �a�n�d� �r�e�s�p�i�r�a�t�i�o�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �i�n�c�r�e�a�s�e�d� �i�n� �a�l�l� �c�a�s�e�s�.� �T�h�e�r�e� 

�w�e�r�e� �n�o� �a�p�p�a�r�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �e�x�c�i�t�e�m�e�n�t� �a�t� �a�n�y� �b�l�e�e�d�i�n�g� �t�i�m�e� �i�n� �t�h�e� 

�t�w�o� �b�l�e�e�d�i�n�g� �s�c�h�e�d�u�l�e�s� �o�f� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t�.� 

�B�l�o�o�d� �A�n�a�l�y�s�e�s� 

�D�r�u�g�-�t�r�e�a�t�e�d� �a�n�d� �M�a�n�u�a�l�l�y� �R�e�s�t�r�a�i�n�e�d� �D�e�e�r� 

�I�n�d�i�v�i�d�u�a�l� �d�a�t�a� �v�a�l�u�e�s� �o�f� �a�l�l� �b�l�o�o�d� �a�n�a�l�y�s�e�s� �f�o�r� �e�a�c�h� �d�e�e�r� �a�r�e� 

�i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �T�a�b�l�e�s� �I�X� �(�S�C�C�-�C�a�p�t�i�v�e�)�,� �X� �a�n�d� �X�I� �(�S�C�C�-�W�i�l�d�)�,� 

�X�I�I� �(�R�O�-�5�-�3�4�4�8�)�,� �X�I�I�I� �(�P�H� �+� �P�)�,� �a�n�d� �X�I�V� �(�M�a�n�u�a�l� �R�e�s�t�r�a�i�n�t�)�.� �S�u�m�m�a�r�y� 

�d�a�t�a� �f�o�r� �t�h�e� �m�e�a�n�s� �o�f� �a�l�l� �b�l�o�o�d� �a�n�a�l�y�s�e�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �T�a�b�l�e�s� �4�8� �(�S�c�c�)�,� 

�h�o� �(�R�O�-�5�-�3�4�4�8�)�,� �5�0� �(�P�H� �+� �P�)�,� �a�n�d� �5�1� �(�M�a�n�u�a�l� �R�e�s�t�r�a�i�n�t�)�.� �I�n� �t�a�b�l�e�s� 

�6�-�4�6� �a�r�e� �p�r�e�s�e�n�t�e�d� �t�h�e� �m�e�a�n�s�,� �s�t�a�n�d�a�r�d� �e�r�r�o�r�s�,� �a�n�d� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�-� 

�e�n�c�e�s� �f�o�r� �a�l�l� �8� �b�l�o�o�d� �p�a�r�a�m�e�t�e�r�s� �m�e�a�s�u�r�e�d�.� �T�h�e�r�e� �a�r�e� �5� �t�a�b�l�e�s� �f�o�r� 

�e�a�c�h� �b�l�o�o�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �e�x�c�e�p�t� �p�r�o�g�e�s�t�i�n�s� �f�o�r� �w�h�i�c�h� �t�h�e�r�e� �a�r�e� �6� 

�t�a�b�l�e�s�.� �T�h�e� �s�e�r�i�e�s� �o�f� �t�a�b�l�e�s� �f�o�r� �e�a�c�h� �b�l�o�o�d� �v�a�l�u�e� �s�h�o�w� �t�h�e� �r�e�s�u�l�t�s� 

�f�r�o�m� �S�C�C�-�c�a�p�t�i�v�e� �d�e�e�r�,� �S�C�C�-�w�i�l�d� �d�e�e�r�,� �R�O�-�5�-�3�4�4�8�-�c�a�p�t�i�v�e� �d�e�e�r�,� �P�H� �+� �P�-
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�c�a�p�t�i�v�e� �d�e�e�r�,� �a�n�d� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �c�a�p�t�i�v�e� �d�e�e�r� �i�n� �t�h�a�t� �o�r�d�e�r�.� �T�h�e� 

�t�a�b�l�e�s� �f�o�r� �S�C�C�-�c�a�p�t�i�v�e�,� �R�O�-�5�-�3�4�4�8�,� �a�n�d� �P�H� �+� �P� �a�l�l� �i�n�c�l�u�d�e� �v�a�l�u�e�s� �f�o�r� 

�m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r� �b�l�e�d� �o�n� �t�h�e� �s�a�m�e� �s�c�h�e�d�u�l�e� �i�n� �o�r�d�e�r� �t�h�a�t� �p�o�s�-� 

�s�i�b�l�e� �c�o�m�p�a�r�i�s�o�n�s� �m�i�g�h�t� �b�e� �m�a�d�e�.� �T�h�e� �S�C�C�-�w�i�l�d� �d�e�e�r� �t�a�b�l�e�s� �i�n�c�l�u�d�e� 

�t�h�e� �S�C�C�-�c�a�p�t�i�v�e� �d�a�t�a� �s�o� �t�h�a�t� �p�o�s�s�i�b�l�e� �c�o�m�p�a�r�i�s�o�n�s� �c�a�n� �b�e� �m�a�d�e�.� �T�h�e� 

�f�i�n�a�l� �t�a�b�l�e� �i�n� �e�a�c�h� �s�e�r�i�e�s� �c�o�n�t�a�i�n�s� �d�a�t�a� �f�r�o�m� �t�h�e� �t�w�o� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t� 

�t�r�e�a�t�m�e�n�t�s�,� �i�n� �o�r�d�e�r� �t�h�a�t� �t�h�e�s�e� �t�w�o� �t�r�e�a�t�m�e�n�t�s� �m�a�y� �b�e� �c�o�m�p�a�r�e�d�.� 

�W�h�e�n�e�v�e�r� �v�a�l�u�e�s� �a�r�e� �r�e�p�o�r�t�e�d� �a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �i�t� �w�i�l�l� �b�e� �a�t� �t�h�e� 

�P� �<� �0�.�0�5� �l�e�v�e�l� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �n�o�t�e�d�.� �T�h�e� �u�s�e� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e� �t�a�b�l�e�s� 

�f�o�r� �t�h�e� �K�r�a�m�e�r� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �D�u�n�c�a�n�'�s� �p�r�o�c�e�d�u�r�e� �d�i�d� �n�o�t� �a�l�l�o�w� �t�h�e� 

�e�x�a�c�t� �d�e�g�r�e�e� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e�.� �T�h�e� �w�o�r�d�s� �t�r�e�n�d� �o�r� �t�e�n�d�e�n�c�y� �a�r�e� �n�o�t� �u�s�e�d� 

�i�n� �t�h�i�s� �r�e�p�o�r�t� �i�n� �a� �s�t�a�t�i�s�t�i�c�a�l� �s�e�n�s�e�.� �I�n�s�t�e�a�d� �t�h�e�s�e� �t�e�r�m�s� �a�r�e� �u�s�e�d� 

�o�n�l�y� �t�o� �i�n�d�i�c�a�t�e� �e�i�t�h�e�r� �r�e�g�u�l�a�r� �c�h�a�n�g�e�s� �i�n� �m�e�a�n�s� �s�u�g�g�e�s�t�i�n�g� �a� �p�a�t�t�e�r�n�,� 

�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �a�n�d� �r�e�g�u�l�a�r� �c�h�a�n�g�e� �i�n�d�i�c�a�t�i�n�g� �a�n� �a�p�p�a�r�e�n�t� �r�e�s�u�l�t�.� �T�h�e� 

�e�x�a�c�t� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �o�f� �t�h�e�s�e� �t�r�e�n�d�s� �e�i�t�h�e�r� �w�a�s� �n�o�t� �o�r� �c�o�u�l�d� �n�o�t� 

�b�e� �d�e�t�e�r�m�i�n�e�d�.� 

�P�C�V� 

�D�a�t�a� �o�n� �m�e�a�n� �P�C�V� �v�a�l�u�e�s� �f�o�r� �c�a�p�t�i�v�e� �d�e�e�r� �i�n�j�e�c�t�e�d� �w�i�t�h� �S�C�C� �a�r�e� 

�r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �6�.� �M�a�l�e�s� �h�a�d� �l�o�w�e�r� �P�C�V� �v�a�l�u�e�s� �t�h�a�n� �f�e�m�a�l�e�s� �w�h�e�n� 

�t�r�e�a�t�e�d� �w�i�t�h� �S�C�C�.� �P�C�V� �v�a�l�u�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �i�n� �m�a�n�u�a�l�l�y� 

�r�e�s�t�r�a�i�n�e�d� �m�a�l�e�s� �t�h�a�n� �f�e�m�a�l�e�s�.� �I�n� �m�a�l�e� �d�e�e�r�,� �t�h�e� �P�C�V� �d�e�c�l�i�n�e�d� �a�t� 

�i�m�m�o�b�i�l�i�z�a�t�i�o�n� �a�n�d� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� �i�n�i�t�i�a�l� �v�a�l�u�e� �a�t� 

�b�o�t�h� �3�0� �a�n�d� �9�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� �T�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� 

�d�e�c�r�e�a�s�e� �i�n� �P�C�V� �o�f� �S�C�C�-�t�r�e�a�t�e�d� �f�e�m�a�l�e�s� �a�t� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �a�n�d� �3�0� �m�i�n�u�t�e�s� 

�a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� �F�e�m�a�l�e� �P�C�V� �v�a�l�u�e�s� �h�a�d� �b�e�g�u�n� �t�o� �r�i�s�e� �s�l�i�g�h�t�l�y� �b�y� �9�0
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�m�i�n�u�t�e�s�.� �T�h�e�r�e� �w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �i�n� �P�C�V� �v�a�l�u�e�s� �i�n� �m�a�n�u�a�l�l�y� 

�r�e�s�t�r�a�i�n�e�d� �d�e�e�r�;� �h�o�w�e�v�e�r�,� �t�h�e�r�e� �w�a�s� �a� �t�e�n�d�e�n�c�y� �f�o�r� �t�h�e� �v�a�l�u�e�s� �t�o� �d�e�c�l�i�n�e� 

�w�i�t�h� �e�v�e�r�y� �b�l�e�e�d�i�n�g�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �m�e�a�n� 

�P�C�V� �v�a�l�u�e�s� �o�f� �w�i�l�d� �d�e�e�r� �t�a�k�e�n� �a�t� �t�h�e� �t�i�m�e� �o�f� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �a�n�d� �a�t� �3�0� 

�M�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �(�T�a�b�l�e� �7�)�.� �I�n� �w�i�l�d� �d�e�e�r�,� �m�a�l�e�s� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�h�i�g�h�e�r� �P�C�V� �v�a�l�u�e�s� �t�h�a�n� �f�e�m�a�l�e�s�.� �F�o�l�l�o�w�i�n�g� �R�O�-�5�-�3�4�4�8� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� 

�(�T�a�b�l�e� �8�)�,� �m�a�l�e� �P�C�V� �v�a�l�u�e�s� �d�e�c�r�e�a�s�e�d�,� �b�u�t� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� �F�e�m�a�l�e�s� 

�g�i�v�e�n� �R�O�-�5�-�3�4�4�8� �e�x�h�i�b�i�t�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �P�C�V� �a�f�t�e�r� �1�5�0� �m�i�n�u�t�e�s�.� 

�M�e�a�n� �v�a�l�u�e�s� �d�e�c�r�e�a�s�e�d� �a�t� �e�v�e�r�y� �b�l�e�e�d�i�n�g�.� �I�n� �b�o�t�h� �t�r�e�a�t�m�e�n�t�s� �r�e�p�o�r�t�e�d� 

�i�n� �T�a�b�l�e� �8�,� �m�a�l�e�s� �t�e�n�d�e�d� �t�o� �h�a�v�e� �l�o�w�e�r� �P�C�V� �v�a�l�u�e�s� �t�h�a�n� �f�e�m�a�l�e�s�.� �B�o�t�h� 

�m�a�l�e� �a�n�d� �f�e�m�a�l�e� �P�C�V� �v�a�l�u�e�s� �i�n� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r� �a�p�p�e�a�r�e�d� �t�o� 

�d�e�c�l�i�n�e� �w�i�t�h� �e�a�c�h� �b�l�e�e�d�i�n�g�.� �D�e�e�r� �i�n�j�e�c�t�e�d� �w�i�t�h� �P�H� �+� �P� �e�x�h�i�b�i�t�e�d� �a� 

�d�r�a�m�a�t�i�c�,� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �P�C�V� �v�a�l�u�e�s� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n� 

�(�T�a�b�l�e� �9�)�.� �M�e�a�n� �P�C�V� �v�a�l�u�e�s� �h�a�d� �b�e�g�u�n� �t�o� �r�i�s�e� �a�t� �9�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�-� 

�t�i�o�n�.� �F�e�m�a�l�e� �P�C�V� �v�a�l�u�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �t�h�a�n� �m�a�l�e� �v�a�l�u�e�s�.� 

�T�a�b�l�e� �1�0� �s�h�o�w�s� �d�a�t�a� �f�r�o�m� �b�o�t�h� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t� �b�l�e�e�d�i�n�g� �s�c�h�e�d�u�l�e�s�.� 

�T�h�e�r�e� �w�a�s� �a� �t�e�n�d�e�n�c�y� �f�o�r� �t�h�e� �m�e�a�n� �P�C�V� �t�o� �d�e�c�r�e�a�s�e� �w�i�t�h� �e�a�c�h� �t�i�m�e� �o�f� 

�b�l�e�e�d�i�n�g�,� �b�u�t� �t�h�e�r�e� �w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� �v�a�l�u�e�s� �o�f� �a�n�y� �b�l�e�e�d�i�n�g�.� 

�T�o�t�a�l� �p�l�a�s�m�a� �p�r�o�t�e�i�n� 
� � 

�B�o�t�h� �m�a�l�e� �a�n�d� �f�e�m�a�l�e� �d�e�e�r� �e�x�h�i�b�i�t�e�d� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�l�i�n�e�s� �i�n� �t�o�t�a�l� 

�p�l�a�s�m�a� �p�r�o�t�e�i�n�s� �b�y� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �o�f� �S�C�C� �(�T�a�b�l�e� �1�1�)�.� 

�P�l�a�s�m�a� �p�r�o�t�e�i�n� �v�a�l�u�e�s� �t�e�n�d�e�d� �t�o� �i�n�c�r�e�a�s�e� �t�o�w�a�r�d� �i�n�i�t�i�a�l� �l�e�v�e�l�s� �9�0� 

�m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� �T�h�e�r�e� �w�a�s� �a� �n�o�n�s�i�g�n�i�f�i�c�a�n�t� �d�e�c�l�i�n�e� �i�n� �p�l�a�s�m�a� 

�p�r�o�t�e�i�n�s� �w�i�t�h� �e�a�c�h� �b�l�e�e�d�i�n�g� �i�n� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r�.� �T�h�e�r�e� �w�e�r�e� 

�n�o� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �m�a�l�e�s� �a�n�d� �f�e�m�a�l�e�s� �i�n� �p�l�a�s�m�a� �p�r�o�t�e�i�n�s� �i�n� �S�C�C�-
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�v�a�l�u�e�s� �t�h�a�n� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �f�e�m�a�l�e�s�.� �T�a�b�l�e� �1�4� �s�h�o�w�s� �a� �s�i�g�n�i�f�i�c�a�n�t� 

�d�e�c�r�e�a�s�e� �i�n� �t�h�e� �p�l�a�s�m�a� �p�r�o�t�e�i�n�s� �o�f� �m�a�l�e� �d�e�e�r� �t�r�e�a�t�e�d� �w�i�t�h� �P�H� �+� �P� �a�t� 

�3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� �M�e�a�n� �v�a�l�u�e�s� �b�e�g�a�n� �r�i�s�i�n�g� �a�g�a�i�n� �b�y� �9�0� �m�i�n�u�t�e�s�.� 

�T�h�e�r�e� �w�a�s� �a� �d�e�c�r�e�a�s�e� �i�n� �f�e�m�a�l�e� �p�l�a�s�m�a� �p�r�o�t�e�i�n� �v�a�l�u�e�s� �a�l�s�o�,� �b�u�t� �i�t� �w�a�s� 

�n�o�n�s�i�g�n�i�f�i�c�a�n�t�.� �M�a�l�e� �d�e�e�r� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�o�t�a�l� �p�l�a�s�m�a� �p�r�o�t�e�i�n� 

�v�a�l�u�e�s� �t�h�a�n� �d�i�d� �f�e�m�a�l�e�s� �w�h�e�n� �t�r�e�a�t�e�d� �w�i�t�h� �P�H� �+� �P�.� �B�o�t�h� �m�a�n�u�a�l�l�y� �r�e�-� 

�s�t�r�a�i�n�e�d� �g�r�o�u�p�s� �o�f� �d�e�e�r� �(�T�a�b�l�e� �1�5�)� �s�h�o�w�e�d� �n�o�n�s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e�s� �i�n� 

�p�l�a�s�m�a� �p�r�o�t�e�i�n�s� �w�i�t�h� �s�u�c�c�e�s�s�i�v�e� �b�l�e�e�d�i�n�g�s�.� 

�T�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n�s� 
� � 

�T�o�t�a�l� �s�e�r�u�m� �p�r�o�t�e�i�n� �m�e�a�n�s� �f�o�r� �c�a�p�t�i�v�e� �d�e�e�r� �i�n�j�e�c�t�e�d� �w�i�t�h� �S�C�C� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �1�6�.� �T�h�e�r�e� �w�a�s� �a� �n�o�n�s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �m�a�l�e� 

�s�e�r�u�m� �p�r�o�t�e�i�n�s� �w�i�t�h� �s�u�c�c�e�s�s�i�v�e� �b�l�e�e�d�i�n�g�s� �u�n�t�i�l� �9�0� �m�i�n�u�t�e�s� �a�t� �w�h�i�c�h� �t�i�m�e� 

�t�h�e� �m�e�a�n� �r�o�s�e� �t�o�w�a�r�d� �i�n�i�t�i�a�l� �l�e�v�e�l�s�.� �T�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� 

�i�n� �t�h�e� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �o�f� �f�e�m�a�l�e�s� �a�t� �i�m�m�o�b�i�l�i�z�a�t�i�o�n�,� �b�u�t� �t�h�e�s�e� �m�e�a�n�s� �a�l�s�o� 

�a�p�p�e�a�r�e�d� �t�o� �r�i�s�e� �b�y� �9�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

�c�h�a�n�g�e�s� �i�n� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �o�f� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r�;� �h�o�w�e�v�e�r�,� �t�h�e�r�e� 

�w�a�s� �a� �s�l�i�g�h�t� �t�e�n�d�e�n�c�y� �f�o�r� �t�h�e�s�e� �v�a�l�u�e�s� �t�o� �d�e�c�r�e�a�s�e� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� 

�b�l�e�e�d�i�n�g�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� �s�e�r�u�m� �p�r�o�t�e�i�n� �v�a�l�u�e�s� 

�o�f� �w�i�l�d� �d�e�e�r� �i�n�j�e�c�t�e�d� �w�i�t�h� �S�C�C� �(�T�a�b�l�e� �1�7�)�.� �D�a�t�a� �i�n� �T�a�b�l�e� �1�8� �o�n� 

�R�O�-�5�-�3�4�4�8�-�t�r�e�a�t�e�d� �d�e�e�r�,� �s�h�o�w� �t�h�a�t� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �d�e�c�r�e�a�s�e�d� �s�l�i�g�h�t�l�y



�7�6� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

 ��q
�u

�a
�t�e

�s�I�T
�p

� 
�(�S

�0�'�O
� �>� 

�d�)� 
�A

�T
�P

�U
�B

�O
�T

�I�T
�U

�S
�T

�S
� 

�S�4�0�m
�M

� 
�M

�O
�T

� �s�u�e�s� �S
�y�}� �U�T� �s

�q
�d

�t�u
�o

�s
�z

�e
�d

�n
�s

� 
�q�U

�s�T
�e�Z

�j�J�I�p� 
�G

�T
�M

� 
�s�u�B

�a�y�W
� �s

�A
�S

�X
�S

� 
�A� 

�*�q
�U

�e
�t�e

�T
�T

�I�P
� 

�(�S
�0�°�O

� �>� 
�d�)� 

�A
�T

�J
�W

�E
�O

�T
�I�T

�U
�B

�T
�S

� 
�a

�L
�a

�m
� 

�U
�M

�M
�T

�O
�D

� 
�s�o�m

�e�s� �S�4�4� �U�T� �s�q
�d

�t�T
�L

�o
�s�i�e

�d
�n

�s� 
�j�U

�u�e�T�e�a�z�T�s�T�p� 
�Y

�i�n
� �s�u�B

�e�W
� 

�7�Q
�°�3� 

�-�-� 
 ��O

�F� 
�°� 

 ��O
�F� 

�:� 
�-�-� 

�a�T
�e�u�a� 

�T�.� 
�a�g� �(�e�t� �O

�F�)� �2�E
�°�L� 

�a
�g

� �(�W
�T� �O

�F
�)�L

�9
�°�L

� 
�S�T� 

�T
�e

�e
�d

� 
�P

�T
�E

�A
� 

�O
�O

�S
� 

 ��_� 
�a�g� �(�2�0�°� �0�F

�)�0
�S

�"�L
� 

�n�g� �0�2�°� �0�F�)� �6�1�°�.� 
�-�-� 

�S�T� 
�a�T

�B
�N

� 
�P�I�T�T�A� �O�O

�S
� 

�n�g� �T�E� �O
�F

�)� 
�6�S

� �°�L� 
�x�y� �i�t�t� 

�O
�F

�)�q
�L

�'�9
� 

�n�q�e�\� �0�2�°� �0�F�)� �0�4�"� �L� 
�w

�g
� �(�O

�E
� �0

�F
�)�9

�8
�°�L

� 
�O

�T� 
�a�d�a�T�e�m�w�e�a�g� 

�s�a
�t�i�d

�e
�p

� 
�0�0�s� 

�y�e
� �(�B

�b
� �O

�F
�)�E

�T
� 

�L� 
�y

�e
�(� �O

�T� �O
�F

�)�6
�L

�°�9
� 

�x�e
� �(�L

�t� �0
�F

�}�9
�6

�°�9
� 

�n�g� �(�8�2�°� �0
�F

�)�Z
�6

�°�L
� 

�O
�T� 

�S
�T

�E
�N

� �e
�A

�T
�I�I�B

�D
� 

�Q
�D

�S
� 

�u
�o

�t�q
�o

�a
�f�u

�t� 
�1�3�a�4�z�e� 

�:� 
�u

�o
�T

�y�o
�a

�f�u
�t� 

�1
�9

�4
�j�8

� 
�:� 

�U
�O

�T
�P

�S
�Z

� 
�T�L� �T

�Q
�O

�U
�T

� �:� 
�U

�O
�T

�E
� 

�P�U
�T� 

�I�a�a�p� �j�o� 
�x�a�g� 

�q�u�a�e�t�y�s�e�a�d�y�,� 

�u
�t� �0�6� 

�4�V� 
�u�r�T�m

� �O
 ¬� �4�V� 

�+�V� 
�O

�O
�S

� �s�t�O
�f�e

�g
� 

�T
�O

�q
�u

�n
� 

�B
�U

�T
�T

� 
�a

�e
�s

� �P
�O

�O
�T

�G
� 

�J�O
� �s

�t�.� 
�F�e� �s�e

�n
�T

�e
�A

� 
�u�t�T

�e�q�o�u�d� 
�e

�u
�s�e

�T
�y� 

�°�(�0
�0

�S
�)� �e

�P
�T

�A
�o

�T
�Y

�y
�O

� 
�a

�u
�T

�T
�o

�y
�s

�T
�A

�u
�T

�o
�o

�n
�s

� 
�f�o� 

�u
�o

�T
�z

�o
�e

�f�u
�t� 

�a
�y�y� 

�t�a�y�j�e� �p�u�s� �a
�l�o

�j�e
�q

� �1�9�9�0�p� �P
�a

�T
�T

�e
�}�-�a

�7
�T

�U
�A

� 
�P

�T
�T

�A
� 

�p�u�e� �s�a
�T

�i�d
�e

�o
� 

�J�o� 
�(�T�u� �O

�O
�T

�/�F
�)� 
�s�e

�n
�t�e

�a
� 

�u�t�e�q�y�o�i�d� 
�w

�u
�s�e

�t�d
� 

�(�a�g� �F�)� 
�W

�e�a�,� 
�*�2�T� �a� �T�a�q�e�y



�T�T� 

 ��q
�u

�a
�m

�y�e
�e

�z�4
� 

�B
�N

�I�P
� �y

�N
�o

�u
�I�M

� 
�J�N

�Q
� �S

�s�T
�B

�A
�I�E

�Q
�U

�T
� 

�s�u�e�s� �3�4�4� �Y�S� �P�S�s�T�q� 
�A

�a�e�p� �p�a�e�U
�u�T

�e�I�4�s�e�l� 
�A

�T
�T

�e
�n

�U
�e

�_
� 

�1�g� 

�
 
�
 

�
 
�
 

�*�q
�u

�a
�t�e

�Z
�I�T

�p
� 

�(�S
�O

�°�O
� 

�>� 
�d�)� 

�A
�T

�P
�U

�B
�O

�T
�J

�T
�U

�P
�T

�S
� 

�o
�1

�e
�M

� 
�A

�O
�L� �o�m

�e�S
� 

�a
�4

� �U�T� �s�z�d
�i�a

�o
�s�a

�z�e
�d

�n
�s� 

�J�u�a�l�e�a�s�J�I�p� 
�U

�T
�A

� �s�u�U
�B

�a�y� 
�t�A� 

�*�q
�u

�a
�t�a

�g
�T

�T
�P

� 
�(�G

�O
�0�°�O

� 
�>� 

�d�)� 
�A

�T
�P

�W
�B

�O
�T

�J
�T

�U
�B

�T
�S

� 
�o

�4
�9

�K
� �U�N

�M
�T

�O
�D

� 
�o�u�B

�S
� �9�4�4� �U�T� �s�q

�d
�q

�4
�o

�s�z�e
�d

�n
�s� 

�q
�U

�e
�T

�e
�T

�I�T
�P

� 
�U

�T
�A

� 
�s

�w
�a

�y
� 

�:�q�°�2� 

�n�q� �9�  ��0�F�)�0�6�°�9� 
�n�q�l�E�E�°�0�F�)�9�0�°�L� 

�m�e� �(�£�l� �O�F�)�T�E�'�L� 
�n�g� �S�E�°�O�F�)�6�E�*�L� 

�g�@� �=
� �e�T�e�e�g� �S�e�y �� �T�E�Y� 

�a�g� �(�9�T� �O
�F

�)� 
�T

�A
�L

� 
�a�p� �L�e� �O

�F
�)�S

�6�°� 
�1� 

�m
�e� �(�S

�t� �O
�F

�)� �6�L�°�2� 
�n�g� �(�0�2�°� �0

�F
�)�Z

�2
�°�R

� 
�T�T� 

�e�T
�e�W

� �g�z� �3
�0

�8
�  ��U

�e� 

�w
�e� �(�O

�T� �0
�F

�)�2
�6

�°�L
� 

�m
�g� �(�T�E� �O

�F
�)� 
�H

�E
�L

� 
�n�g� �(�O

�F� �O
�F

�)� �H�Q
� �°�L� 

�m
�e� �(�E�E� �O

�F
�)�E

�S
�S

� 
�6� 

�a
�T

�e
�M

�e
�g

� 
�=� �g�i�t�h�e�-�S

�-�O
�0�u� 

�n�e� �(�O�2�0�  ��O�F� �)�E
�Q

�*�L� 
�m

�g� �(�T�E�  ��O
�F

�)�9�T
�S

� 
�a�g� �(�b�e� �O

�F
�)� �S�Q

�°�L� 
�a�g� �(�T�E� �O

�F�)� �H
�E

�S
� 

�T�T� 
�a�T�e�W

� 
�Q

�t�r�y�E�-�S�-�O
�0�8� 

 ��a�y�U
�p�s� 

�r�a
�y�w

�e
� 

�:� 
 ��u

�T
�M

�p
�e

� 
�1�8�9� �j�e� 

�:� 
�*�U

�T�m
�p�s�e� 

�1�3�4� �j�s�e� 
�:� 

�U
�O

�T
�P

�B
�V

�I�Y
�S

�T
�U

�T
�M

�p
�S

� 
�I�a�a�p� �j�o� 

�x�a�g� 
�Z

�U
�a�M

�}� 
�B�e�a�t�y�,� 

�U�T�D� �O�S�T� �3�V� 
�U�T�E� �0�6� �1�V� 

�U
�T

� �O ¬� �W
�W

� 
�Q

�r�y�e�-�S
�-�O

�W
� 

�a�t�o�z�a�g� 
�s�a�q�u�n� 

�y�y� 
�
 
�
 

�S
�u�t�T

�T
�d�m

�e�s� 
�p�o�o�t�T�q� 

�J�O
� �a�u�t�}�,� �4�e� �s�a�e�n�T�e�a� 

�u
�t�e

�j�o
�i�d

� �s�u
�s�e

�t�g
� 

�
 
�
 

�
 
�
 

�"�q�U
�T

�B
�i�{�s�e�r� 

�T
�e�n�u�e�M

� 
�a

�y
�e

� �I�O� �g�r�r�H
 ¬�-�S

�-�O
�¥� 

�F�O
� �U

�O
�T

�P
�e�r�y�S

�s�T
�U

�T
�M

�p�S
� 

�T�S�L�I�O� �J�a�y�s�e� �p�u�e� �a�c�t�o�j�e�q� �r�a�e�p� �p
�e

�T
�T

�e
�z�-�a

�q
�T

�u
�a

� 
�a�a�T

�y�d�e�o� 
�g�o� �(�T�M

� �O
�O

�T�/�3�)� �s�e�n�T�e�a� 
�u�t�e�q�o�r�d� 

�e�u�s�e�t�d� 
�(�g�g� �F�)� 

�w
�e�s�w

� 
�"�C�T� �e�T�a�q�e�y�,



�7�8� 

�*�q
�U

�d
�M

�4
�B

�8
�T

�.� 
�S

�N
�I�P

� �{�N
�o�U

�L�T�I�M
� 

�I�n�q� �S
�T

�B
�A

�T
�E

�e�A
�U

�T
� 

�o�w
�e�s� �3�4�1� �1�8� �p�e�T

�q� �1�9�9�8�p� �P
�S

�u
�T

�e
�I�4

�s�e
�r� 

�A
�T

�T
�e

�n
�u

�e
�_

� 
�7�5� 

�
 
�
 

�
 
�
 

�*�q
�u

�e
�t�o

�s� 
�F

�t�p� 
�(�S

�O
�0�°�O

� 
�>� 

�d�)� 
�A

�T
�I�U

�B
�O

�T
�J

�T
�U

�B
�T

�S
� 

�s�1�9�e�M
� 

�M
�O

�T
� �o

�e
�s

� �a�y�y� �U
�T� �s

�q
�d

�T
�u

�o
�s

�z
�e

�d
�n

�s
� 

�y�u�s�e�t�T
�e�Z

�T
�T

�p� 
�U

�T
�M

� 
�s�u

�B
�s�y� 

�:�x�X�S�M
� 

�*�J�U
�e

�t�e
�F

� 
�F

�T
�P

� 
�(�S

�0�°�O
� �>� 

�d�)� 
�A

�T
�I�U

�B
�O

�T
�I�T

�U
�S

�T
�S

� 
�e

�t�a
�n

� �U
�U

�N
�T

�O
�O

� 
�s�u�B

�S
� �3�Y�4�y� �U

�T� �s�q
�d

�t�z�o
�s�a

�z�e
�d

�n
�s� 

�q
�u

�s
�z

�e
�s

�s
�i�p

� 
�y�d�t�i�m

� �s�u
�e

�a
�y� 

�2�0�%
� 

�q�S
�e� 

�n�e� �(�G�e� �0�F�)�0�6�°�9� 
�m

�e�(�E�°�O
�F�)�9�0�°�L� 

�= �� 
�y�n�g� �(�E�E�O

�F�)�T�E�T�L� 
�n�e� �(�S�E�O

�F�)�O
�E�*�L� �g� 

�e�T�e�M�e�y� 
�"�s�e�y�  ��U�E�W� 

�m
�o�g� 

�(�I�t� �O
�F

�)� 
�T

�R
�L

� 
�a�g�i� �L�e� �*�0

�F
�)�S

�6
�°�L

� 
�m

�o
�q

�(�8
�t� 
�O

�F�)� 
�6�L�°� �2� 

�n�e� �(�0�2�°� �0
�F

�)�2
�2

�°�Q
� 

�T�L� 
�e

�T
�E

�N
� �z�y� �o

�d
�  ��U

�B� 

�n�a� �(�9�9� �O�F�)�E�I�"�S� 
�n�q� �(� �8�2� �°�0�F�)�Z�E� 

 ��8� 
�n�q�l ¬�8�°�O

�F�)�O
�N�"�B� 

�y�g� �(�E�B�"�O
�F�)�E�T�*�E� 

�9� 
�e�T�s�u�e�g� 

�d� �+� �H�d� 

�n�q�e� �(�6
�T

�"�0
�F

�)�T
�S

�*�L
� 

�y�a�l� �b�e� �0
�F

�)�E
�0

�*�L
� 

�x�g� �(�G
�t� �O

�F
�)� �1�6

�9
� 

�m
�p� �(�E

�S
� �O

�F
� �E

�O
�L

� 
�q�T� 

�o
�L

�B
�W

� 
�d� 

�+� 
�H

�d� 

�u
�o

�t�q
�Z

�o
�a

�f�u
�t� 

�a
�a

�q
�j�e

� 
�°� 

�U
�o

�T
�Z

�o
�e

�f�u
�y

� 
�Z

�a
�q

�j�e
� �+� 

�u
�o

�T
�q

�y�o
�s�f�u

�t� 
�u�w

�a�q�i�e� �:� 
�u�o�t� �p�o�s� �C

�u�t� 
�i�a�e�p� �j�o� 

�x�a�g� 
�q

�u
�e

�u
�y�B

�a
�T

�y�,� 

�u�t�d� �O
�S

�T� �4�V� 
�u�T

�m
� �0�6� �4�V

� 
�u�t�m

� �O
�f� 

�4�V
� 

�d� 
�+� 

�H
�d� �e

�4
�0

�j�o
�d

� 
�T

�9
�q

�u
�n

�N
� 

�
 
�
 

�S
�u

�t�t�d
�m

�e
�s� 

�p
�o

�o
�T

�q
� 

�J�O
� �a

�u
�t� �4�e� �s�e

�n
�T

�e
�a

� 
�u�t�e� �y�o�u�d� �e

�u
�s�e

�t�g
� 

�
 
�
 

�
 
�
 

�"�q
�U

�u
�T

�e
�I�y�s�e

�t� 
�T

�e
�n

�u
�e

�u
� 

�1�3�0�4�g�e� 
�I�o� 

�(�q� 
�+� 

�H
�d�)� �e

�u
�T

�z�e
�w

�o
�r�i�d

� 
�p�u�e� �s�u

�t�T
�p

�t�T
�o

�f�o
�u

�e
�y�d

� 
�g�o� �u

�o
�t�z�o

�s�e
�f�u

�t� 
�e�y�y� �a

�a
�q

�g
�e

� 
�p�u�e� �s�f�0

�g
�e

�q
� 

�J�o�e�p� �p
�e

�T
�T

�e
�z

�-�a
�4

�T
�y

�m
� 

�a
�a

�T
�y�d

�e
�o

� 
�F�o� �(�T�W

� �O
�O

�T
�/�#

�)� 
�s�e

�n
�T

�e
�a

� 
�u

�t�e
�q

�o
�u

�d
� 

�e
�u

�s
�e

�T
�d

� 
�(�q�g� �+�)� 

�U
�B

�O
�W

� 
 ��H

�T� �e
�T

�q
�e

�L



�1�9� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�*�q�u�a�T
�a�s�Z

�Z
�T

�P
� 

�(�S
�O

�°�O
� 

�>� 
�d�)� 

�A
�T

�P
�U

�B
�O

�T
�I�T

�U
�S

�T
�S

� 
�s�t�e�m

� �M
�O

�A
� �s�o�m

�e�s� �a�y�y� �U
�T� �s�y�d

�t�T
�u

�o
�s�a

�e
�d

�n
�s� 

�J�u�s�i�e�s� 
�F�I�P

� �Y
�L�T

�A
� 

�s�u
�B

�o
�W

� 
�2�M

� 

�*�q
�u

�a
�t�a

�t�Z
 ��T

�P
� 

�(�S
�O

�°�O
� 

�>� 
�d�)� 

�A
�T

�J
�U

�B
�O

�T
�I�T

�U
�S

�T
�S

� 
�a

�t�e
�m

� �U
�U

�M
�T

�O
�D

� 
�o

�w
�e

�s� �a�y�}� �U
�T� �s

�y
�d

�t�a
�o

�s
�a

�e
�d

�n
�s

� 
�y�u

�a
�t�e

�s�J�j�i�I�p
� 

�y
�I�A

� �s�u
�B

�a
�y�W

� 
�7

�q
�°�B

� 

�n�g� �(�9�E�°�0�F�)�0�6�"�9�  ��n�g�(�E�E�O
�F�)�I�O

�'�L� 
�g�g� �(�E�E�O

�F�)� 
�T�E�L� 

�-�-� 
�n�q�(� �S�E�"� �O�F�)�6�E�°�L� 

�8� 
�a�T�e�m

�a�g� �"�S�e�y� �*�u�e�_� 

�a�p� �(�O
�T� �0�F�)� �T

�R
�L

� 
�n�g�(� �t�e�"� �0

�F
�)�S

�6
�°�L

� 
�m

�g� �S
�b

� �O
�F

�)�6
�L

�°�L
� 

�~�~� 
�n�g� �(�0�2� �0�F

�)�2�z�°�R
�B

� 
�T�T� 

�S
�T

�E
�W

� 
 ��S

�o�y�  ��U
�R

�W
� 

�n�g� �(�9�t� �O
�F

�)�S
�O

�°�L
� �n�e� �(�0�2� �°�O

�F
�)�e

�T
�*�L

� 
�n�g� �(�E�T� �O

�F
�)�E

�S
�*�L

� 
�a�g�(� �8

�"� �0
�#

�)�9
�E

�°�L
� 

�8� 
�e�T� �B�u�l�a�g� 

 ��s�e�y� �°�U
�a�H

� 

�-�-� 
�m�g� �(�O�U� �O�F�)�T�U�'�L� �=� �(�6�2�°�0�F�)�6�E�*�L� �g�g� �(�N�E� �O�F�)�E�D�*�L� 

�m�a� �(�E�O� �O�F�)�E�L�*�L� 
�e�T� 

�e
�T

� �=� 
�"�S�a�y� �U�B�W

� 

�u�T�m
�@

� 
�O

�S
�T� �4�V� 

�:� 
�u�t�a� �0�6� �3�V� 

�:� 
�u�l�m

� �O
 ¬� �V�V� 

�:� 
�u�T

�a� �G
�T� �W

�W
� 

�:� 
�(�O

�t�9�Z
� �S

�M
�T

�T
� 

�4�2�)� 
�A�3�9�9�P� �F�O

� 
�X

�9�5� 
�q

�U
�S

�U
�Y

�B
�S

�t�T
�,� 

�4
�U

�T
�B

�I�Y
�S

�e
�L

�T
� 

�T
�e

�t�y�t�u
�r� 

�T
�a

�q
�u

�n
�n

� 

�Z
�u

�t�T
�d

�m
�e

�s� 
�p�o�o�l�t�q� �F�O

� �a�a�t�i� �4�B� �s�e
�n

�T
�e

�a
� 

�u
�t�a

�j�o
�u

�d
� 

�s�v�u�s�e�t�g� 

�*�q�u�T
�e�r�y�z�s�e�t� 

�T
�e

�n
�u

�e
�n

� 
�p

�o
�y�s�e

�d
�a

�r� 
�o�j� 

�p
�a

�y�o
�a

�f�q
�n

�s� 
�t�a�e�p� �p�a�t� �T�e�q�y ��-�a�e�q�t�y�m

� 
�e�a�t�T

�y�d�e�o� 
�g�o� �(�T�m

� �O
�O

�T
�/�3�)� 

�s�e
�n

�t�e
�a

� 
�u�t�e�j�y�o�u�d� 

�v�u
�s�e

�t�d
� �(�y�g� �+�)� 

�U
�e�E�y�W

� 
�"�G

�T� �a
�T

�q
�e

�y



�8�0� 

�*�q�U
�u�e�m

�4�e�e�I�.� 
�B

�n�I�p� �W
�N

�o�U
�Y

�T
�A

� 
�3�N�q�Q� �S

�T
�B

�A
�T

�S
�I�U

�T
� 

�s�u�e�s� �a
�4

� �Y�e� �p�e�T�q� �A�9�e�p� �p�a�u�T
�B

�i�y�s�a�r� 
�A

�T
�T

�E
�n�u�E

�_� 
�J� 

�
 
�
 

�
 
�
 

�*�J�U
�s�T

�a
�T

�Z
�T

�P
� 

�(�S
�O

�'�O
� �>� 

�d�)� 
�A

�T
�J

�U
�B

�O
�T

�I�T
�U

�B
�T

�S
� 

�a�1�e�m
�M

� 
�M

�o�d� �a�u�T�e�s� �a�y�y� �U�T� �s�y�d
�q

�t�z�o
�s�z�e

�d
�n

�s� 
�j�u�s�e�r�e�s�s�J�I�p� 

�U
�Y

�T
�A

� 
�s�u�B

�a�y� 
�1

�X
�8

� 

 ��q�U
�e�T

�E
�e�Z

�Z
�E

�R
� 

�(�S
�O

�°�O
� 

�>� 
�d�)� 

�A
�T

�Q
�U

�B
�O

�T
�I�T

�U
�G

�T
�S

� 
�a�t�e�m

�M
� 

�u
�U

�M
�T

�O
�D

� 
�S

�o�u�s� �9�4�4� �U�T� �s�q
�d

�t�i�o
�s�a

�e
�d

�n
�s� 

�q�U
�u�a�r�a�l�Z

�T
�p� 

�U
�A

�T
�M

� 
�s�u

�B
�o

�W
� 

�7�q�'�8� 

�a�g� �l�&�l� �O
�F

�)�2
�6

�°�9
� 

�n�g� �(�6
�T

�"�0
�F

�)�S
�T

�*�L
� 

�w
�e� �(�8

�T
�0

�F
�)�0

�0
�"�L

� 
�n�g� �(�9�2� �O

�F
� 

�)�T
�2

�"�L
� 

�g� 
�e

�T
�e

�w
�e

�g
� 

�z� �S
�e

�u
� �*�U

�e�W
� 

�w
�g� �(�O

�T� �O
�F

�)� �T�O
�L

� 
�a�g�e� �(� �£�2�"� �0

�F
�)�E

�0
�°�L

� 
�n�g� �(�0� 

 ��O
�F

�)�9
�6

�°�9
� 

�w
�g� �l�e�o� �O

�F
�)� 
�S

�E
�L

� 
�o�L� 

�e�T
�S

�n� 
�z�y� �o�e� 

�*�T�B
�W

� 

�x�m
�p� �(�9�b� �O

�F�)�0�6�"�9� 
�w�e� �(�N

�l� �O
�F�)�T�S

�"�9� 
�x�g� �(�6�0�°�0�F�)�S

�9�°�9� 
�m�e� �(�T�E� �O

�F�)�S�E�°�L� 
�O�T� 

�a�T�B�U
�a�y� 

�2�0�s� 

�m
�g� �(�L�T� �O

�F
�)� �6�8�°�9� 

�n�q�g� �(�t�T� �0
�F

�)�T
�9

�"�9
� 

�m
�g� �(�G

�l� �O
�F

�)�6
�9

�°�9
� 

�w
�e� �(�L�T� �O

�F�)� �L�O
�°�L� 

�O
�T� 

�e�T�e�H�W
� 

�0�0�s� 

�W
�o

�T
�A

�I�e
�f�U

�T
� 

�1�a�q�j�z�e� 
�:� 

�u�o�t�q�p�o�a�f�u�r� 
�r�a�q�y�r�e� 

�:� 
�U

�O
�T

�T
�B

�Z
� 

�T�T� �T
�q

�o
�m

�m
�T

� 
�:� 

�u�o�T
�t�y�o�s�C

�u�t� �I�a�e�p� �j�o� 
�x�a�g� 

�q�u�e�w
�m

�y� 
�B�e�t�z�,� 

�U
�t�d� �0�6� �i�V� 

�U
�T

�E
� �O ¬� �4�V� 

�V�v� 
�Q

�S
� �e

�t�O
�f�o

�g
� 

�T
�o�a�q�u�n�y� 

�
 
�
 

�S
�u

�T
�T

�d
�m

�e
�s

� 
�p

�o
�o

�t�T
�q

� 
�J�O

� �s
�M

�T
�y

� �3�8� 
�s

�e
�n

�T
�e

�a
� 

�u
�T

�e
�q

�y
�o

�a
�d

� 
�u

�m
�s�z�e

�g
� 

�
 
�
 

�
 
�
 

�*�q
�u

�T
�B

�I�y�s�e
�l� 

�T
�e

�n
�u

�e
�w

� 
�J�a

�q
�y�e

� �1�0� �(�9�0�S
�)� �e

�p
�T

�a
�o

�T
�y�d

� 
�s�u

�t�p
�t�o

�y�s�t�A
�u

�t�o
�o

�n
�s� 

�g�o� 
�U

�O
�T

�P
�O

�O
�C

�U
�T

� 
�S

�Y
�}� �J�a�q�z�e� �P�U

�B
� �a

�T
�O

�j�e
�q

� 
�J�e�e�p� �p

�e
�T

�T
�e

�y
�-�a

�q
�T

�y
�A

� 
�a

�a
�t�y�d

�e
�o

� 
�f�o� 

�(�T�W
� �O

�O
�T

�/�#�)� 
�s�a

�n
�T

�e
�a

� 
�u

�t�e
�y�o

�r�d
� 

�u
�n

�s�e
�s� �(�y�g� �F�)� 

�w
�e�a�y� 

�"�O
�L� �a

�T
�a

�e
�y



�8�1� 

�
 
�
 

�
 
�
 

� � 
�
 
�
 

�
 
�
 

�
 
�
 

�*�q
�u

�e
�z�a

�z�I�T
�p

� 
�(�S

�O
�°�O

� 
�>� 

�d�)� 
�A

�T
�P

�U
�S

�O
�T

�S
�T

�U
�P

�T
�S

� 
�o�T�O

�m
�M

� 
�M

�O
�L� �o

�e
�s

� �e�y�}� �U
�T� �s

�y
�d

�T
�u

�o
�s

�z
�a

�d
�n

�s
� 

�y�U
�s�T

�e
�T

�T
�T

�P
� 

�Y
�Z

�T
�A

� 
�s�u�B

�o�W
� 

�7�x�X�S�m
� 

 ��q�u�a�z�e�z�g�s�t�T�p� 
�(�G

�O
�°�O

� 
�>� 

�d�)� 
�A

�T
�U

�B
�O

�T
�J

�T
�U

�s
�T

�S
�s

� 
�s�t�e�m

� �U
�U

�M
�T

�O
�D

� 
�a�m

�e�s� �9�4�4� �U�T� �s�q
�d

�t�z�o
�s�u

�e
�d

�n
�s� 

�J�U
�e�t�e�J�T

�T
�I�P

� 
�Y

�Q
�T

�A
� 

�s�u�B
�e�W

� 
�:�q�°�@

� 

�_�_� 
 ��A

�x� 
�.� 

 ��A
�x� 

�°� 
�-�~� 

�a� 
�3� 

�t�.� 
�a�g� �(�e�T� �0

�F
�)�9

�6
�°�9

� 
�a�g� �A

�T� �O
�F

�)�L
�T

�"�L
� 

�S�T� 
�T

�e
�m

�a
� 

�P
�T

�T
�A

� 
�O

�O
�S

� 

�_�_� 
�
a
�
 

�.� 
�.� 

�.� 
�-�-� 

�a� 
�a�g� �(�L�T� �O

�F
�)�E

�e�"�L� 
�n�g� �(� �I�T� 

�O
�F�)� �H

�E
�L

� 
�S�T� 

�T
�O

�W
� 

�P
�T�E

�M
� 

�O
�O

�S� 

�x
�e

� �(�9�t� �O
�F

�)�0
�6

�°�9
� 

�x�a� �i�t� 
�O

�F
�)�T

�S
� 

�"�9� 
�x�e� �(�6�0�°� �0

�F
�)�S

�9
�°�9

� 
�m

�e� �(�T�T� �O
�F

�)�S
�T

�*�L
� 

�O
�T� 

�a�e�T
�e�m

�e�g� 
�e

�a
�t�q

�d
�e

�d
� 

�0�9�s� 

�x�a
�g

�(�L
�T

� 
 ��O

�F
�)�6

�8
�°�9

� 
�y�e� � �T

�T
�'�C

�F
�)�T

�I�'�S
� 

�x�a�n� �(�9�b� �0
�F

�)�6
�9

�°�9
� 

�n�p� �(�L�T� �O
�F

�)� �L�O
�L

� 
�o�T� 

�e�T
�e�y� �a

�a
�t�i�d

�e
�p

� 
�0�9�S

� 

�u
�o

�t�p
�o

�s�f�u
�r� 
�1

�a
�4

�s�e
� 

�:� 
�u

�o
�T

�P
�O

�S
�L

�U
�T

� 
�A

�s
�q

�e
� 

�:� 
�U

�O
�T

�7
�B

�Z
� 

�T�T� �T�q�Q
�o�m

�m
�t� 

�u
�o

�T
�Z

�o
�s�C

�u
�t� �d�a�a�p� �g�o� 

�x�a�g� 
�q�u�s�U

�j�p�B
�V

�e�L�y�L� 

�u
�m

� �0�6� �4�V� 
�u�T

�m
� �O�f� 

�4�V� 
�a�v� 

�Q
�S

� �s�t�o
�s�e

�_
� 

�7
�a

�q
�u

�n
�n

� 

�S
�u

�t�T
�d

�m
�e

�s� 
�p

�o
�o

�t�q
� �g�o� �a�w

�t�y� �y�e� �s�a
�n

�T
�e

�a
� 

�u�r�a�j�y�o�u�d� 
�u

�m
�e

�s
� 

�"�(�O
�0�S

�)� �e�P
�p�r�A

�o�T
�y�o� 
�e

�u
�T

�T
�o

�y�a
�t�T

�A
�u

�p
�o

�o
�n

�s� 
�J�o� �u�o�t�z�o�s�e�f�u�r� 

�a�y�y� 
�i�a

�q
�j�e

� �p�u�e�s� �a
�t�o

�j�e
�q

� �J�e�e�p� �p
�e

�T
�T

�e
�4

�-�s
�y

�T
�Y

�a
� 

�P
�T

�T
�A

� 
�p�u�e�s� �e�a�T

�q�y�d�e�o� 
�f�o� 

�(�T�m
� �O

�O
�T

�/�#�)� 
�s�e

�n
�T

�e
�a

� 
�u

�t�e
�q

�o
�i�d

� 
�u

�m
�e

�s
� 

�(�y�g� �F�)� 
�U

�e�e�W
� 

 ��L�T� �e
�T

�a
�e

�z



�8�2� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�*�q�U
�u�s�M

�I�e�S
�e�I�.� 
�B

�n�I�p� �{�N
�o

�U
�A

�T
�A

� 
�3�n�q� �S

�T
�B

�A
�L�T

�a�Y
�U

�T
� 

�s�u�e�s� �9�4�}� �1�8� �P�p�e�T�q� 
�J�e�e�p� �p

�a
�u

�T
�e

�r�y
�s

�a
�r� 

�A
�T

�T
�e

�n
�u

�e
�y� 

�i�g� 

 ��q
�U

�a
�T

�e
�T

�Z
�T

�P
� 

�(�S
�O

�'�O
� �>� 

�d�)� 
�A

�T
�P

�U
�B

�O
�T

�I�T
�U

�S
�T

�S
� 

�9
�1

�9
�M

� 
�M

�O
�T

� �o�m
�R

�S
� 

�3�4�}� �U
�T� �s�q

�d
�t�i�d

�s�i�a
�d

�n
�s� 

�4�J�u�s�e�t�e�a�y�I�t�p� 
�U

�I�A
� �s

�u
�e

�s
� 

�7
�X

�5
� 

�a� 

�"�q�u�a�e�t�e�a�s�s�I�T
�P

� 
�(�S

�O
�°�O

� 
�>� 

�d�)� 
�A

�T
�L

�U
�B

�O
�T

�I�T
�U

�Z
�T

�S
� 

�S
�7�3�d�M

� 
�U

�M
�M

�T
�O

�O
� 

�s�u�r�e�s� �|�y�4
� �u�t� 

�s
�q

�d
�t�a

�o
�s

�z
�e

�d
�m

�s
� 

�j�U
�a

�T
�a

�y
�J

�T
�p

� 
�U

�Y
�T

�A
� 

�s�u
�B

�R
�o

�_
� 

�:�q
�*�e

� 

�a�q� �(� �1�2�"� �0�F�)�8�E�"�9� 
�m�g� �(�t�e� �0�F�)�0�9�°�9� 

�w�y� �(�L�E� �O�F�)�T�6�"�S� 
�n�q�(�L�2�"�0�F�)�S�1�°�9� 

�Q� 
�e�T�o�m�a�g� �S�e�y� �"�T�a�y� 

�x�m
�y� �(�9�°� �O

�F
�)�O

�E
�*�L

� 
�x

�m
� �(�0�2�°� �O

�F
�)�Q

�E
�*�L

� 
�w

�g� �(� �T�E� �O
�F

�)� 
�R

�O
�L

� 
�w

�e� �(�b�o� �0
�F

�)�6
�9

�°�2
� 

�T�T� 
�a�T

�R
�N

� 
�z� 

�e�u� 
 ��U

�e�y� 

�n�g�e� �(�6�2�°� �0�F�)�9�T�"�L� 
�m�p� �(�t�e� �O

�F�)�E�T�*�L� 
�m�e� �(�T�E�O

�F�)�Q
�T�*�L� 

�n�q�e� �(�O ¬�  ��O�F�)�T�S�*�L� 
�6� 

�e�T�e�m�a�d� 
�=� �g�h�h�E�-�S�-�O�u� 

�a�g�e� �(�9�%
� �0

�F
�)�9

�8
� 

�"�9� 
�n�g� �(�0�2� �O

�F
�)�S

�6
�°�9

� 
�n�e� �(�S

�l� �O
�F

�)�T
�O

�T
�L

� 
�a�g�a� �0�c� �0

� �)�E
�E

�L
� 

�T�T� 
�S

�T
�R

�N
� 

�Q
�n

�E
�-�S

 ��-�O
�U

� 

 ��U
�T

�u�p�s� 
�1

�3
�4

�i�e
� 

�:� 
 ��u�U

�T�m
�p�B

� 
�1

�9
�4

�I�8
� 

 ��u�T
�m

�p�e� 
�T

�a
�y

�e
� 

�U
�O

�T
�4

�B
�I�P

�S
�T

�U
�T

�U
�p

�e
� 

�a�i�a�a�p� �j�o� 
�x�o�g� 

�{�U
�s�E

�y�B
�I�L�y�T

� 

�U
�f�a� �O

�S
�T� �4�¥� 

�a�t�m
� �0�6� �4�3�V� 

�u�T�m
�d� �o ¬� �4�V� 

�s�y�y�e
�-�S

�-�O
�W

� 
�e

�t�o
�s�a

�g
� 

�3� �Q
�a�M

�n�N
� 

�S
�u

�t�T
�d

�u
�e

�s� 
�p

�o
�o

�t�q
� �J�O

� �a
�m

�t� 
�s�e� 

�s�e�n�p�T�e�a� 
�u

�t�e
�y�o

�r�d
� 

�u
�n

�a
�s�s� 

�*�q
�U

�T
�e

�I�4
�s�e

�t� 
�T

�e�n�u�e�s�m
� 

�t�a�q�j�y�e� �I�o� 
�g

�r�H
 ¬

�-�G
�-�O

�W
� 

�J�O
� �U

�O
�T

�I�B
�I�A

�Z
�S

�T
�U

�T
�U

�p
�S

� 
�T

�B
�O

� 
�1

�3
�4

�I�B
� �p�u

�s� �a
�T

�o
�j�e

�q
� 

�J
�e

�a
�p

� �p
�a

�T
�T

�e
�q

�y ��e
�y�r�y�u

�a
�m

� 
�a

�a
�t�y

�d
�e

�o
� 

�j�o� 
�(�T

�a
� �o

�0
�0

�T
�/�3

�)� �S
�e

�n
�T

�B
�A

� 
�U

�T
�a

�Z
�o

�r�i�d
� 

�m
�n

�i�a
�s

� �(�8�S
� �+�)� 

�w
�e

�e
�p

� 
 ��Q

�T
� �S

�T
�A

�B
�L



�8�3� 

�o�v�e�r� �t�i�m�e�,� �b�u�t� �t�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s�.� �M�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� 

�d�e�e�r� �a�l�s�o� �s�h�o�w�e�d� �a� �t�e�n�d�e�n�c�y� �f�o�r� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �t�o� �d�e�c�l�i�n�e� �w�i�t�h� �s�u�c�c�e�s�-� 

�S�i�v�e� �b�l�e�e�d�i�n�g�s�.� �M�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �m�a�l�e� �d�e�e�r� �h�a�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� 

�i�n� �m�e�a�n� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �a�f�t�e�r� �3�0� �m�i�n�u�t�e�s�.� �M�e�a�n� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �o�f� �P�H� �+� �P�-� 

�i�n�j�e�c�t�e�d� �m�a�l�e� �d�e�e�r� �(�T�a�b�l�e� �1�9�)� �d�e�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �i�n�i�t�i�a�l� 

�l�e�v�e�l�s� �a�t� �3�0� �a�n�d� �9�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�,� �a�n�d� �t�h�e�r�e�a�f�t�e�r� �t�e�n�d�e�d� �t�o� 

�i�n�c�r�e�a�s�e� �t�o�w�a�r�d�s� �i�n�i�t�i�a�l� �v�a�l�u�e�s�.� �F�e�m�a�l�e� �d�e�e�r� �f�o�l�l�o�w�e�d� �t�h�e� �s�a�m�e� �p�a�t�t�e�r�n� 

�a�f�t�e�r� �t�h�e� �i�n�j�e�c�t�i�o�n� �o�f� �P�H� �+� �P�,� �b�u�t� �c�h�a�n�g�e�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�.� �T�a�b�l�e� 

�2�0� �p�r�e�s�e�n�t�s� �d�a�t�a� �f�o�r� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r�,� �a�n�d� �s�e�r�u�m� �p�r�o�t�e�i�n�s� �c�h�a�n�g�e�d� 

�m�i�n�i�m�a�l�l�y�.� 

�B�U�N� 

�B�U�N� �v�a�l�u�e�s� �d�i�d� �n�o�t� �c�h�a�n�g�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n� �m�a�l�e� �o�r� �f�e�m�a�l�e� �c�a�p�t�i�v�e� 

�d�e�e�r� �i�n�j�e�c�t�e�d� �w�i�t�h� �S�C�C� �(�T�a�b�l�e� �2�1�)�.� �M�e�a�n� �v�a�l�u�e�s� �d�i�d� �i�n�c�r�e�a�s�e� �s�o�m�e�w�h�a�t�.� 

�T�h�e�r�e� �w�a�s� �a� �v�e�r�y� �c�o�n�s�i�s�t�e�n�t� �a�l�t�h�o�u�g�h� �n�o�n�s�i�g�n�i�f�i�c�a�n�t� �t�e�n�d�e�n�c�y� �f�o�r� �m�a�l�e�s� 

�t�o� �h�a�v�e� �h�i�g�h�e�r� �B�U�N� �v�a�l�u�e�s� �t�h�a�n� �f�e�m�a�l�e�s�.� �B�U�N� �v�a�l�u�e�s� �o�f� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� 

�d�e�e�r� �i�n�c�r�e�a�s�e�d� �s�l�i�g�h�t�l�y� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �S�C�C�-�t�r�e�a�t�e�d� �d�e�e�r�,� �a�n�d� 

�t�h�e�r�e� �r�e�m�a�i�n�e�d� �a� �c�o�n�s�i�s�t�e�n�t� �d�i�c�h�o�t�o�m�y� �b�e�t�w�e�e�n� �s�e�x�e�s�.� �B�U�N� �d�a�t�a� �i�n� �T�a�b�l�e� 

�2�2� �s�h�o�w� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �i�n� �S�C�C�-�t�r�e�a�t�e�d� �w�i�l�d� �d�e�e�r�.� �C�a�p�t�i�v�e� �d�e�e�r� 

�h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �B�U�N� �v�a�l�u�e�s� �t�h�a�n� �w�i�l�d� �d�e�e�r�.� �M�a�l�e� �d�e�e�r� �h�a�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �B�U�N� �v�a�l�u�e�s� �t�h�a�n� �f�e�m�a�l�e�s� �i�n� �b�o�t�h� �R�O�-�5�-�3�4�4�8�-�t�r�e�a�t�e�d� 

�a�n�d� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r� �(�T�a�b�l�e� �2�3�)�.� �T�h�e�r�e� �w�a�s� �a�n� �a�p�p�a�r�e�n�t�,� �b�u�t� 

�n�o�n�s�i�g�n�i�f�i�c�a�n�t� �t�e�n�d�e�n�c�y� �f�o�r� �m�e�a�n� �B�U�N� �v�a�l�u�e�s� �t�o� �i�n�c�r�e�a�s�e� �w�i�t�h� �s�u�c�c�e�s�s�i�v�e� 

�b�l�e�e�d�i�n�g� �i�n� �b�o�t�h� �t�r�e�a�t�m�e�n�t�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�3�.� �M�a�l�e� �B�U�N� �v�a�l�u�e�s� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �t�h�a�n� �t�h�o�s�e� �o�f� �f�e�m�a�l�e�s� �i�n�j�e�c�t�e�d� �w�i�t�h� �P�H� �+� �P� 

�(�T�a�b�l�e� �2�4�)�.� �A�g�a�i�n� �t�h�e�r�e� �w�a�s� �a� �n�o�n�s�i�g�n�i�f�i�c�a�n�t� �t�e�n�d�e�n�c�y� �f�o�r� �B�U�N� �v�a�l�u�e�s� 

�t�o� �i�n�c�r�e�a�s�e� �w�i�t�h� �s�u�c�c�e�s�s�i�v�e� �b�l�o�o�d� �s�a�m�p�l�i�n�g�.� �M�a�l�e�s� �h�a�d� �h�i�g�h�e�r� �B�U�N
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�e�x�h�i�b�i�t�e�d� �s�i�m�i�l�a�r�,� �t�h�o�u�g�h� �n�o�t� �a�s� �l�a�r�g�e�,� �i�n�c�r�e�a�s�e�s� �i�n� �g�l�u�c�o�s�e�.� �T�h�e� 

�g�l�u�c�o�s�e� �v�a�l�u�e�s� �o�f� �w�i�l�d� �d�e�e�r� �i�n�j�e�c�t�e�d� �w�i�t�h� �S�C�C� �m�o�r�e� �t�h�a�n� �d�o�u�b�l�e�d� �i�n� �l�e�s�s� 

�t�h�a�n� �3�0� �m�i�n�u�t�e�s� �(�T�a�b�l�e� �2�7�)�.� �T�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� 

�g�l�u�c�o�s�e� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �o�r�a�l� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �R�O�-�5�-�3�4�4�8� �i�n� �m�a�l�e� 

�d�e�e�r�,� �b�u�t� �t�h�e� �v�a�l�u�e�s� �d�e�c�l�i�n�e�d� �t�h�e�r�e�a�f�t�e�r� �(�T�a�b�l�e� �2�8�)�.� �F�e�m�a�l�e� �d�e�e�r� 

�e�x�h�i�b�i�t�e�d� �t�h�e� �s�a�m�e� �t�r�e�n�d�,� �b�u�t� �c�h�a�n�g�e�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�.� �M�e�a�n� 

�g�l�u�c�o�s�e� �v�a�l�u�e�s� �f�o�r� �m�a�l�e� �d�e�e�r� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �o�n� �t�h�e� �s�a�m�e� �s�c�h�e�d�u�l�e� 

�i�n�c�r�e�a�s�e�d� �a�t� �3�0� �m�i�n�u�t�e�s� �a�n�d� �d�e�c�r�e�a�s�e�d� �s�l�i�g�h�t�l�y� �o�n� �t�h�e� �l�a�s�t� �2� �b�l�e�e�d�i�n�g�s�.� 

�M�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �f�e�m�a�l�e� �d�e�e�r� �h�a�d� �h�i�g�h�e�r� �g�l�u�c�o�s�e� �v�a�l�u�e�s� �w�i�t�h� �e�a�c�h� 

�s�u�c�c�e�s�s�i�v�e� �b�l�e�e�d�i�n�g� �w�h�i�c�h� �r�e�a�c�h�e�d� �s�i�g�n�i�f�i�c�a�n�c�e� �a�f�t�e�r� �9�0� �m�i�n�u�t�e�s�.� �D�a�t�a� 

�o�n� �g�l�u�c�o�s�e� �l�e�v�e�l�s� �o�f� �d�e�e�r� �i�n�j�e�c�t�e�d� �w�i�t�h� �P�H� �+� �P� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �T�a�b�l�e� 

�2�9�.� �G�l�u�c�o�s�e� �i�n�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n� �m�a�l�e� �d�e�e�r� �a�t� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� 

�i�n�j�e�c�t�i�o�n� �a�n�d� �r�e�m�a�i�n�e�d� �s�t�a�b�l�e� �t�h�e�r�e�a�f�t�e�r�.� �G�l�u�c�o�s�e� �v�a�l�u�e�s� �i�n� �f�e�m�a�l�e�s� 

�a�l�s�o� �i�n�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�f�t�e�r� �3�0� �m�i�n�u�t�e�s�,� �b�u�t� �m�e�a�n� �g�l�u�c�o�s�e� �c�o�n�-� 

�t�i�n�u�e�d� �t�o� �r�i�s�e� �d�u�r�i�n�g� �t�h�e� �n�e�x�t� �t�w�o� �b�l�e�e�d�i�n�g�s�.� �T�a�b�l�e� �3�0� �p�r�e�s�e�n�t�s� �m�e�a�n� 

�g�l�u�c�o�s�e� �d�a�t�a� �f�o�r� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d� �d�e�e�r�.� �D�e�e�r� �i�n� �b�o�t�h� �m�a�n�u�a�l� �r�e�-� 

�s�t�r�a�i�n�t� �r�e�g�i�m�e�n�s� �h�a�d� �i�n�c�r�e�a�s�e�d� �g�l�u�c�o�s�e� �v�a�l�u�e�s� �w�i�t�h� �s�u�c�c�e�s�s�i�v�e� �b�l�e�e�d�i�n�g�s�.� 

�I�n� �b�o�t�h� �t�r�e�a�t�m�e�n�t�s� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �g�l�u�c�o�s�e� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�.
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�d�e�c�r�e�a�s�e�.� �F�e�m�a�l�e� �c�o�r�t�i�c�o�i�d� �l�e�v�e�l�s� �f�o�l�l�o�w�e�d� �t�h�e� �s�a�m�e� �g�e�n�e�r�a�l� �p�a�t�t�e�r�n�,� 

�b�u�t� �d�i�d� �n�o�t� �e�x�h�i�b�i�t� �a�n�y� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s�.� 

�P�r�o�g�e�s�t�i�n�,� �p�r�o�g�e�s�t�e�r�o�n�e�,� �a�n�d� �e�s�t�r�o�n�e� 

�P�r�o�g�e�s�t�i�n� �d�a�t�a� �f�o�r� �f�e�m�a�l�e� �d�e�e�r� �d�i�d� �n�o�t� �a�d�e�q�u�a�t�e�l�y� �f�i�t� �t�h�e� �a�s�s�u�m�p�-� 

�t�i�o�n� �o�f� �n�o�r�m�a�l�i�t�y� �w�h�i�c�h� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�.� �D�e�e�r� 

�a�r�e� �s�e�a�s�o�n�a�l� �b�r�e�e�d�e�r�s�;� �t�h�e�r�e�f�o�r�e� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �h�o�r�m�o�n�e�s� �h�a�d� �v�a�r�y�i�n�g� 

�l�e�v�e�l�s� �o�f� �o�u�t�p�u�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �y�e�a�r�.� �A�d�d�i�t�i�o�n�a�l�l�y� �l�e�v�e�l�s� �c�o�u�l�d� �b�e� 

�e�x�p�e�c�t�e�d� �t�o� �c�h�a�n�g�e� �w�i�t�h� �s�t�a�g�e� �o�f� �t�h�e� �e�s�t�r�o�u�s� �c�y�c�l�e�.� �A� �n�o�n�p�a�r�m�e�t�r�i�c� 

�t�e�s�t�,� �t�h�e� �F�r�i�e�d�m�a�n� �R�a�n�k� �S�u�m� �T�e�s�t� �w�a�s� �t�h�e�r�e�f�o�r�e� �e�m�p�l�o�y�e�d� �t�o� �e�x�a�m�i�n�e� �f�o�r� 

�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s�.� �D�a�t�a� �w�e�r�e� �f�u�r�t�h�e�r� �d�i�v�i�d�e�d� �b�y� �m�o�n�t�h� �t�o� �a�l�l�o�w� 

�b�e�t�t�e�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�.� �T�e�s�t�s� �f�o�r� �s�i�g�n�i�f�i�c�a�n�c�e� �a�t� �t�h�e� �P� �<� �0�.�0�5� �l�e�v�e�l� 

�w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n�l�y� �o�n� �t�h�e� �o�v�e�r�a�l�l� �m�e�a�n�s� �o�f� �t�h�e� �p�r�o�g�e�s�t�i�n� �d�a�t�a�.� 

�P�r�o�g�e�s�t�i�n� �v�a�l�u�e�s� �f�o�r� �S�C�C�-�t�r�e�a�t�e�d� �c�a�p�t�i�v�e� �d�e�e�r� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �T�a�b�l�e� �3�6�.� 

�O�v�e�r�a�l�l� �p�r�o�g�e�s�t�i�n� �v�a�l�u�e�s� �a�t� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� 

�t�h�a�n� �t�h�o�s�e� �v�a�l�u�e�s� �b�e�f�o�r�e� �i�n�j�e�c�t�i�o�n� �o�f� �S�C�C�.� �S�i�m�i�l�a�r�l�y�,� �t�h�e� �p�r�o�g�e�s�t�i�n� 

�v�a�l�u�e�s� �a�t� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� 

�t�h�e� �i�n�i�t�i�a�l� �v�a�l�u�e�.� �M�e�a�n� �p�r�o�g�e�s�t�i�n� �v�a�l�u�e�s� �h�a�d� �d�e�c�l�i�n�e�d� �b�y� �9�0� �m�i�n�u�t�e�s� 

�a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �t�o� �l�e�v�e�l�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �i�n�i�t�i�a�l� 

�v�a�l�u�e�.� �I�n� �b�o�t�h� �m�o�n�t�h�s� �i�n� �w�h�i�c�h� �S�C�C� �w�a�s� �i�n�j�e�c�t�e�d� �i�n� �c�a�p�t�i�v�e� �d�e�e�r�,� �t�h�e� 

�s�a�m�e� �b�a�s�i�c� �p�a�t�t�e�r�n� �a�s� �f�o�r� �t�h�e� �o�v�e�r�a�l�l� �m�e�a�n�s� �w�a�s� �f�o�u�n�d�.� �T�h�e�r�e� �w�e�r�e� 

�n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �m�e�a�n�s� �f�o�r� �p�r�o�g�e�s�t�i�n�s� �i�n� �m�a�n�u�a�l�l�y� 

�r�e�s�t�r�a�i�n�e�d� �d�e�e�r�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �t�h�e�r�e� �w�a�s� �a� �t�e�n�d�e�n�c�y� �f�o�r� �p�r�o�g�e�s�t�i�n� 

�v�a�l�u�e�s� �t�o� �i�n�c�r�e�a�s�e� �a�t� �1�5� �m�i�n�u�t�e�s� �a�n�d� �t�o� �d�e�c�l�i�n�e� �s�l�i�g�h�t�l�y� �t�h�e�r�e�a�f�t�e�r�.� 

�I�n� �w�i�l�d� �d�e�e�r� �i�m�m�o�b�i�l�i�z�e�d� �w�i�t�h� �S�C�C�,� �t�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� 

�p�r�o�g�e�s�t�i�n� �v�a�l�u�e�s� �b�e�t�w�e�e�n� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �a�n�d� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n
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�1�0�5� 

�(�T�a�b�l�e� �3�7�)�.� �T�h�i�s� �i�n�c�r�e�a�s�e� �w�a�s� �a�p�p�a�r�e�n�t� �i�n� �e�a�c�h� �m�o�n�t�h� �S�C�C� �w�a�s� �u�s�e�d�.� 

�M�e�a�n� �p�r�o�g�e�s�t�i�n� �d�e�t�e�r�m�i�n�e�d� �b�y� �a� �c�o�m�p�e�t�i�t�i�v�e� �p�r�o�t�e�i�n� �b�i�n�d�i�n�g� �a�s�s�a�y�,� �a�n�d� 

�m�e�a�n� �p�r�o�g�e�s�t�e�r�o�n�e� �a�n�d� �e�s�t�r�o�n�e� �l�e�v�e�l�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �a� �r�a�d�i�o�i�m�m�u�n�o�a�s�s�a�y� 

�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �3�8�.� �A� �t�-�t�e�s�t� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�w�o� 

�m�e�a�n�s� �w�a�s� �u�s�e�d� �t�o� �t�e�s�t� �f�o�r� �s�i�g�n�i�f�i�c�a�n�c�e� �i�n� �t�h�o�s�e� �v�a�l�u�e�s� �r�e�p�o�r�t�e�d� �i�n� 

�T�a�b�l�e� �3�8�.� �M�e�a�n� �p�r�o�g�e�s�t�i�n� �a�n�d� �p�r�o�g�e�s�t�e�r�o�n�e� �v�a�l�u�e�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�-� 

�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �o�n�e� �a�n�o�t�h�e�r�.� �T�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �(�P� �<� �0�.�0�5�)� 

�i�n�c�r�e�a�s�e� �i�n� �m�e�a�n� �p�r�o�g�e�s�t�i�n�s�,� �p�r�o�g�e�s�t�e�r�o�n�e�,� �a�n�d� �e�s�t�r�o�n�e� �l�e�v�e�l�s� �i�n� �w�i�l�d� 

�d�e�e�r� �f�r�o�m� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� �t�o� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n�.� �D�a�t�a� �i�n� �T�a�b�l�e� 

�3�9� �s�h�o�w� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�r�o�g�e�s�t�i�n� �l�e�v�e�l�s� 

�o�f� �c�a�p�t�i�v�e� �f�e�m�a�l�e� �d�e�e�r� �e�i�t�h�e�r� �g�i�v�e�n� �R�O�-�5�-�3�4�4�8� �o�r� �m�a�n�u�a�l�l�y� �r�e�s�t�r�a�i�n�e�d�.� 

�D�u�r�i�n�g� �a�l�l� �m�o�n�t�h�s� �f�o�r� �b�o�t�h� �t�r�e�a�t�m�e�n�t�s� �t�h�e�r�e� �w�a�s� �a� �c�o�n�s�i�s�t�e�n�t� �i�n�c�r�e�a�s�e� 

�i�n� �p�r�o�g�e�s�t�i�n�s� �a�t� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �i�n�i�t�i�a�l� �v�a�l�u�e�,� �b�u�t� �t�h�e�r�e�a�f�t�e�r� 

�t�h�e� �c�h�a�n�g�e�s� �w�e�r�e� �i�n�c�o�n�s�i�s�t�e�n�t�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� 

�m�e�a�n� �p�r�o�g�e�s�t�i�n� �l�e�v�e�l�s� �o�f� �f�e�m�a�l�e� �d�e�e�r� �i�n�j�e�c�t�e�d� �w�i�t�h� �P�H� �+� �P� �(�T�a�b�l�e� �4�O�)�.� 

�C�h�a�n�g�e�s� �i�n� �p�r�o�g�e�s�t�i�n� �v�a�l�u�e�s� �w�e�r�e� �s�i�m�i�l�a�r� �i�n� �b�o�t�h� �m�a�n�u�a�l� �r�e�s�t�r�a�i�n�t� 

�t�r�e�a�t�m�e�n�t�s� �(�T�a�b�l�e� �4�1�)�.� �T�h�e�r�e� �w�a�s� �a�n� �i�n�c�r�e�a�s�e� �d�u�r�i�n�g� �t�h�e� �s�e�c�o�n�d� �b�l�e�e�d�-� 

�i�n�g� �a�n�d� �v�a�l�u�e�s� �t�e�n�d�e�d� �t�o� �d�e�c�l�i�n�e� �s�l�i�g�h�t�l�y� �d�u�r�i�n�g� �t�h�e� �r�e�m�a�i�n�i�n�g� �b�l�e�e�d�i�n�g�s�.� 

�A�n�d�r�o�g�e�n�s� 

�D�u�e� �t�o� �t�h�e� �s�e�a�s�o�n�a�l� �n�a�t�u�r�e� �o�f� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �h�o�r�m�o�n�e� �p�r�o�d�u�c�t�i�o�n� 

�F�r�i�e�d�m�a�n� �R�a�n�k� �S�u�m� �T�e�s�t�s� �w�e�r�e� �a�l�s�o� �u�s�e�d� �o�n� �p�l�a�s�m�a� �a�n�d�r�o�g�e�n� �v�a�l�u�e�s� �i�n� 

�m�a�l�e� �d�e�e�r�.� �A�n�d�r�o�g�e�n� �v�a�l�u�e�s� �t�e�n�d�e�d� �t�o� �v�a�r�y� �g�r�e�a�t�l�y� �a�n�d� �i�n�c�o�n�s�i�s�t�e�n�t�l�y� 

�b�e�t�w�e�e�n� �b�l�e�e�d�i�n�g�s�.� �A�n�d�r�o�g�e�n� �v�a�l�u�e�s� �w�e�r�e� �j�u�s�t� �a�s� �l�i�k�e�l�y� �t�o� �i�n�c�r�e�a�s�e� �o�r� 

�d�e�c�r�e�a�s�e� �w�i�t�h� �c�o�n�s�e�c�u�t�i�v�e� �b�l�e�e�d�i�n�g�s�.� �I�n�d�i�v�i�d�u�a�l� �a�n�d�r�o�g�e�n� �v�a�l�u�e�s� 

�(�A�p�p�e�n�d�i�x� �T�a�b�l�e�s� �I�X�-�X�V�)� �v�a�r�i�e�d� �m�u�c�h� �m�o�r�e� �t�h�a�n� �m�e�a�n�s� �f�o�r� �m�o�n�t�h�s�.� �T�h�e�r�e
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