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Abstract

IV

Female athletics are increasing in popularity around the world, and with this 

increase in female participation in sports there has also been an increase in knee injuries. 

Studies have indicated that female athletes participating in soccer and basketball are two 

and four times, respectively, more likely to sustain a knee injury than their male 

counterparts. The monthly fluctuating hormone levels that occur during the reproductive 

years of a female have been targeted as one of the causative agents for this higher 

prevalence. Estrogen receptors have been identified in tissues of males including the 

medial collateral ligament (MCL) and the anterior cruciate ligament (ACL). The purpose 

of this study was to measure the effects of 17-b-estradiol on the stretch of the medial 

collateral ligament (MCL) and the failure load in ovariectomized female rats and 

orchiectomized male rats. Intact male rats were also used in this study to determine if 

testosterone had any effect upon the response to estrogen. Estrogen did not have a 

significant effect on the breaking points or the stretch of the ligaments in any of the 

experimental groups. These results differ from an earlier study that reported that estrogen 

significantly increased the stretch, as well as a study that concluded that estrogen 

treatment caused a significant decrease in the breaking point of the rabbit anterior 

cruciate ligament (ACL).
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Introduction

Although knee injuries are a common occurrence throughout the spectrum of 

sport, female athletes may be more susceptible to this type of injury. Arendt and Dick 

(1995) found that female athletes participating in soccer and basketball were two and four 

times, respectively, more likely to sustain a knee injury than their male counterparts. 

Recent studies have targeted the changing hormone levels that occur during the 

reproductive years of a female as one of the causative agents for this higher prevalence. 

Injuries to the anterior cruciate ligament (ACL) are among the most common in female 

athletes (Moeller and Lamb, 1997). Studies have indicated the presence of estrogen 

receptors in the ACL (Lui et al., 1996, Sciore et al., 1998).

The effect of estrogen in the males has not been under heavy investigation. 

However, Sciore et al (1998) reported the presence of estrogen receptors in the knee 

ligaments of male humans and rabbits. It is logical to assume that estrogen must have an 

effect in the males because of the receptors’ presence. Since the presence of the estrogen 

receptors has been confirmed, I hypothesized that the effects of 17-b-estradiol on the 

stretch and failure load of the medial collateral ligament would be equivalent in the

orchiectomized males and ovariectomized females. Non-castrated males were also

included in this study to test if testosterone had any masking effects upon estrogen.

Literature Review

Many studies have investigated the factors believed to contribute to the higher 

prevalence of knee injuries in female athletes. These factors can be divided into intrinsic 

and extrinsic factors. However, before going into the intrinsic and extrinsic factors, the 

composition of the ligaments, which are composed of collagen, must first be described.
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Ligament Composition

It is widely known that the female sex hormones have a widespread effect upon 

the growth and development of bone, muscle, and connective tissue. However, the 

effects of estrogen upon collagen metabolism in ligaments have not been the subject of 

much investigation, although numerous studies have documented the effects of estrogen 

on collagen metabolism in other tissue.

Collagen is the most abundant protein in mammals, and it performs the major load 

bearing function of the ACL (Hama et al., 1976). The proper function of a ligament 

depends upon several factors, including appropriate type, synthesis, assembly, cross 

linking, and remodeling of collagen (Cooper and Misol, 1992). Collagen is synthesized 

as a large molecule with propeptide extensions at both ends that are cleaved 

stoichiometrically during fibrinogenesis and released into the extracellular fluid. The 

carboxyterminal propeptide, which is the sequence removed from the carboxyterminal 

end of the molecule, can be found within the extracellular matrix. The extracellular

levels of these cleaved extensions have been named procollagens and directly correlate to 

the extracellular levels of collagen. The amount of collagen bundles and the individual 

types of collagen influence the ability of the tendon to withstand loading. In addition, 

cross linkages between molecules are also a prerequisite for collagen to endure the 

physical stress it faces.

Type I collagen has been shown to give great mechanical strength to ligaments, 

whereas Type III collagen has been directly correlated with tissue elasticity (Lui et al., 

1995). Although the relative strength of Type I to Type III collagen remains unknown, it 

is generally accepted that a large ratio of Type I to Type III collagen is indicative of
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greater ligamentous strength. Conversely, a lower ratio is characteristic of ligamentous 

laxity. In 1999, Yu and coworkers documented that increasing levels of estrogen 

significantly decreased Type I procollagen levels but had no effect upon Type III 

procollagen levels in the human ACL. It follows that a relative decrease in Type I 

procollagen synthesis with increasing estradiol concentrations may translate to a weaker 

ligament, with increased stretch.

Intrinsic Factors

There are four main categories of intrinsic factors: quadriceps angle (Q angle), 

size of femoral notch, joint laxity, and hormonal influence. These factors can only be 

altered by surgery, or through the use of oral contraceptives by women. The quadriceps 

angle (Q angle) is defined as the line delineated between the anterior superior iliac spine 

(ASIS) and the middle of the patella, and the line connecting the tibial tubercle with the 

same reference point on the patella (Hungerford and Barry, 1979). Women inherently 

have a larger Q Angle than men because of their wider pelvic base and shorter femur 

length. This results in a more lateral proximal reference point than men. A larger Q 

angle increases the lateral pull of the quadriceps femoris muscle on the patella and puts 

medial stress on the knee (Shambaugh et al., 1991). Shambaugh et al (1991) also 

reported that the average Q angle of both male and female athletes sustaining knee 

injuries was significantly higher than the average of those athletes not injured.

The femoral notch is the measure of the intercondylar notch, which is the notch 

between the medial and lateral epicondyle of the femur. A narrow intercondylar notch 

has been hypothesized as one predictive factor for ACL injury (Muneta et al., 1997). The
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shape of the intercondylar notch may vary with gender, which may attribute to higher 

incidence of ACL injury (Ireland and Walle, 1990).

Joint laxity, which is the combination of musculotendinous flexibility and joint 

hypermobility (Rozzi et al., 1999) is an inherent characteristic within an individual. 

Studies have shown that joint laxity tends to be greater in women than men (Huston and 

Wojyts, 1996, Grana and Moretz, 1978). However, the relationship between injury and 

laxity has remained unclear. For example, Nicholas (1970) found that male football 

players identified as having loose joints suffered more injuries than those players labeled 

as having tight joints. This claim has been disputed by several other investigators 

(Godshall 1975, Grana and Moretz, 1978, Moretz e. al., 1982), however.

Estrogen plasma concentration varies during a woman’s menstrual cycle. This 

exposure to varying hormonal levels has been proposed as a causative agent for the 

higher prevalence of knee injuries. A woman’s menstrual cycle is on average 28 days.

The menstrual cycle can be divided into four phases: follicular, ovulatory, luteal, and 

menses. During the follicular phase, follicle-stimulating hormone (FSH) is secreted 

which promotes the development of the follicle. The follicle in this phase grows and 

begins to secrete estrogen. Ovulation occurs midway through the cycle, and is caused by 

a surge in LH levels, which is caused by a peak in estrogen levels. During the luteal 

phase the ruptured follicle develops into the corpus luteum, which secretes estrogen and 

progesterone. Progesterone and estrogen are responsible for the development and

maintenance of the endometrium. Menses occurs when the ovum is not fertilized, and the 

corpus luteum atrophies. The shrinking corpus luteum no longer secretes estrogen and 

progesterone and thus the endometrium is sloughed off giving rise to menses. Several
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studies have tried to link knee injury with hormonal fluctuation during the menstrual 

cycle.

Although the role of the female sex hormone is widely understood in the 

maintenance and development of the women’s reproductive tract, the role of the hormone 

in the ligament is less clear. In 1996, Lui et al. reported the presence of estrogen and 

progesterone receptors in the anterior cruciate ligament. Wojtys et al. (1998) reported 

that women sustained more injuries during the ovulatory phase of the menstrual cycle, 

which corresponds to a surge in estrogen. The same author also reported fewer injuries 

during the follicular phase, where estrogen and progesterone levels are low. However, 

Myklebust et al. (1998) documented a significantly lower rate of knee injury during the 

midcycle estrogen surge. The difference between the two studies has been attributed to 

the fact that approximately half of Myklebust’s subjects were taking oral contraceptives, 

whereas Wojyts’ subjects had regular menstrual cycles. The use of oral contraceptives in 

relation to injuries has also been studied. Moeller -Nielsen and Hammer (1989) reported 

that women not taking oral contraceptives had significantly higher injury rates than those 

women taking oral contraceptives. Oral contraceptives, which contain both estrogen and 

progesterone, are used for contraception, cycle regulation, and control of dysmenorrhoea.

Hormonal Effects Upon Ligament Composition

Lui and co-workers (1996) reported that fibroblast proliferation and rate of 

collagen synthesis were reduced significantly, with increasing estradiol concentrations.

In ligaments and tendons, collagen fibers are long and thick and are grouped into large 

parallel bundles to provide the tensile strength. In contrast, collagen fibers of blood 

vessels, intestine, and glandular ducts are wrapped helically around the long axes to allow
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for the tubular expansion (Weiss 1983). Fibroblasts produce collagen, which is the major 

load-bearing tissue of the ACL. It is hypothesized that alterations in these fibroblasts 

may create collagen of a different quality, type, and stability. The resulting change in 

collagen may thus predispose females to knee injury. Kahl (2000) reported that estrogen 

significantly increased the stretch of the medial collateral ligament (MCL) in 

prepubescent female rats. Slauterbeck et al. (1999) documented that the tensile properties 

of the female rabbit ACL were significantly reduced with administration of estrogen.

Tissue remodeling continuously occurs throughout the lifespan of an animal. 

Degradative and biosynthetic processes are balanced through the activities of matrix 

metalloproteinases (MMPs) and tissue inhibitors of metalloproteins (TIMPs) (Dahlberg et 

al., 1994). These two proteins function as effector molecules that regulate tissue 

remodeling. Estrogen and progesterone regulate the transcription of several MMP and

TIMP genes (Wahl et al., 1977). Type I collagen, found in the ACL, is degraded by 

many endometrial MMPs (Woo et al., 1994). Lui and coworkers (1997) reported that 

increasing concentrations of estrogen significantly decreased the production of fibroblast 

and procollagen. These results imply that variation in estrogen levels during the 

menstrual cycle could affect MMP and TIMP gene expression in the ACL, and therefore 

could affect the composition of collagen in the ligaments.

Extrinsic Factors

Even though the purpose of this study was to investigate one of the intrinsic 

factors thought to be a causative agent in knee injuries, it is essential to outline some 

extrinsic factors since the etiology of knee injuries is most likely to be multifactorial.

Extrinsic factors include muscle strength, knee stiffness, and shoe-surface interface.
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Within these risk factors, athletic training holds the greatest promise to reduce the 

incident of injury, as these factors can be altered without medical intervention.

Muscle strength is one obvious difference between men and women. Muscle 

strength is needed to maintain knee stability. Several researches have reported that men 

have significantly more muscle strength in the quadriceps and the hamstrings than 

women, even when muscle strength is normalized for body weight (Griffin et al., 1993, 

Hakkinen et al., 1997, Huston and Wojyts, 1996, Kaneshia et al., 1996).

Knee stiffness represents an important component to knee stability; the muscles 

that span the knee act to lower the force carried by the anterior cruciate ligament. Bryant 

and Cooke (1988) reported that gender differences might exist in the ability to produce 

adequate muscle stiffness.

The shoe-surface interface in sports with high coefficients of friction has been 

suggested as a cause of ACL injury. The interaction between shoes and playing surfaces, 

especially artificial turf, have been proposed as a causative agent for ACL injury (Powell, 

1987.) However, because both men and women play on a variety of surfaces, this factor 

does little to explain the gender difference in ACL injury.
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Materials and Methods

Animals

Male and female Wistar rats, obtained from Simonsen Labs in California, were 

used in this experiment. They were kept in a room with a 12-h light and 12-h dark 

lighting schedule and maintained on tap water and Purina chow. At the time of 

termination (females, 4 to 5 weeks: males, 6 to 7 weeks) the rats were euthanized in a

carbon dioxide chamber.

Hormones

Seventeen-beta-estradiol was used because it is the primary hormone released 

from the ovary (Norman and Litwack, 1997). The priming dose of estrogen was 5 

micrograms per 100-gram rat. The experimental dosages of estrogen were 100 

micrograms per 100-gram rat. Rats were given one subcutaneous injection of 0.1 ml of 

priming dose, and two injections of 0.1 ml of the experimental dosage. Control rats were 

given 0.1 ml injections of vehicle (sesame seed oil). Approximately 48 hours occurred 

between the experimental and priming injections. The two experimental injections were 

given within 24 hours of each other and rats were terminated between 48 to 60 hours after

the final experimental injection.

Protocol One

Eleven female Wistar rats were ovariectomized using the procedure described in 

Manual for Laboratory Work in Mammalian Physiology (D’Amour et al., 1965). Six rats 

were given the estrogen injections after two weeks of recovery, and five rats were given

the vehicle.
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Protocol Two

Ten male rats were orchiectomized according to the procedure in Manual for 

Laboratory Work in Mammalian Physiology (D’Amour et al., 1965). Five rats were 

given estrogen and five were given the vehicle. A period of approximately 2 weeks was 

given for the animals to recover from the surgery.

Protocol Three

Five intact male rats were subjected to the same schedule for estrogen injections. 

Five intact male rats were given the vehicle.

Tissue Preparation

A preliminary study was conducted at the start of this experiment to see if the 

composition and integrity of the ligament would be retained if the animal’s ligament was 

frozen and then later thawed to conduct the tests. Slauterbeck et al. (1999) reported 

ligaments being frozen while being transported to testing site, and then thawed to conduct 

tests. Three mature male Wistar rats were euthanized with CO2, the right leg of each was 

frozen for 24-48 hours before being tested. The left “fresh leg” of each was tested 

immediately. Analysis of the two groups showed no statistical difference. Therefore, 

experimental animals’ were terminated and within 10 minutes the right leg was cut away 

from the animals body and prepared to be frozen. The MCL was exposed and placed in a 

plastic bag with copious amounts of 0.9% saline and placed within the freezer. The left 

leg was also dissected away and frozen in a similar fashion.

Testing Method

After removal from the freezer, all muscles and connective tissues were removed

except the medial collateral ligament (MCL). The ligament was kept moist in 0.9%
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saline solution. The proximal head of the femur was inserted into a plastic cap filled with 

5-minute epoxy and held there for 5 minutes. Once secure, the distal end of the tibia was 

inserted into an identical cap with a quarter inch eye screw inserted into the base of the 

cap. The cap was filled with 5-minute epoxy and held there for five minutes. After the 

tibia was secure, the femur-ligament-tibia preparation was placed into a manipulative 

device for 40 minutes to allow the epoxy to set. The preparation was mounted on the 

testing apparatus (Fig. 1). The cap of the femur was fixed to the stand with a clamp. An 

S-ring, attached to a bucket by a wire, was placed through the hole in the eye screw. An 

ocular lens with 6x magnification was placed on a ring stand above the ligament in order 

to measure the amount of stretch the ligament had with each addition of weight. Weight 

was added until the ligament broke (Table 1). Approximately 60-70 minutes passed from 

the time of dissection until weight was added. The weight increments were adjusted after 

tests on the first protocol because Kahl (2000) reported that there were significant 

differences in stretch in the first few additions of weight.

Statistical Analysis

A T-test was used to investigate differences in breaking points of fresh legs and 

frozen legs. An analysis of variants (ANOVA) test was used to investigate the effects of 

estrogen upon the failure load and the stretch of the MCL. Statistica 4.0 was used to 

complete this test.
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Figure 1. Apparatus and ocular lens used in 
this experiment,
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Results

Figure 2 shows the results of a study undertaken to determine if freezing of a leg 

would alter the composition of the ligament so as to affect the breaking point of the 

MCL. When an animal was terminated one leg was immediately frozen and the second 

leg was tested. The frozen leg was thawed and tested between 24-48 hours after 

termination. As seen in Table 1, no statistical difference was seen in the breaking point 

of the frozen leg versus the leg that was tested immediately after termination of the 

animals. Because this preliminary study indicated that freezing had no effect, the 

protocols of subsequent experiments involved immediate freezing of the legs of the

euthanized animals.

The comparison of breaking points of the MCL between experimental groups is 

presented in Figure 3. No statistical difference was found between any of the groups. 

Intact males with endogenous testosterone had similar breaking points to those of 

orchiectomized males and ovariectomized females. Injection of 17-b-estradiol had no 

statistical impact on the breaking points. Table 2 presents the average breaking points

with standard deviations.

The stretch at selected increments between the females is presented in Figure 4. In 

this case, the presence of estrogen significantly decreased in the ligamentous stretch. 

Table 3 presents the results from the ANOVA test used to analyze this data.

Figure 5 shows the amount of stretch at selected intervals among the male rats. In 

this test, all four groups of male rats were used- orchiectomized without estrogen, 

orchiectomized with estrogen, intact without estrogen, and intact with estrogen. Injection
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of estradiol had no effect upon the stretch of the ligament in any group. Table 4 presents 

the results from the ANOVA tests used to analyze these data.

Figure 6 shows the average values and standard deviations of ligamentous stretch 

at or near 1000 grams among all 6 groups. Results from the ANOVA test (Table 5) 

reported that a significant difference is present when comparing the type of gonad 

treatment used. For example, this graph shows that there is significant difference in

stretch of the MCL between the ovariectomized females, orchiectomized males, and the

intact males. The MCLs of the orchiectomized males stretched significantly more than 

the MCLs of intact males and of the females. However, the results from the ANOVA test

revealed that estrogen treatment had no statistical impact upon the stretch.

CORETTE LIBRARY 
CARROLL COLLEGE
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Figure 2. Comparison of the breaking points of the 
medial collateral ligaments of fresh and frozen legs. 
Three male rats were used in this preliminary study. 
Frozen legs were thawed and tested between 24 and 48 
hours. Fresh legs were tested immediately after 
euthanasia.
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Figure 3. Comparison of mean breaking points of 
medial collateral ligaments of experimental 
groups. No statistical difference was found 
between any of the groups (p > 0.05).

□ Ovarectomized Females No Estrogen

■ Ovarectomized Females Estrogen

□ Orchiectomized Males No Estrogen

□ Orchiectomized Males Estrogen

■ Intact Males No Estrogen

□ Intact Males Estrogen
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Figure 4. Comparison of stretch at selected intervals for the two 
female groups. In this case, estrogen had a significant effect 
(p < 0.026).
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Figure 5. Comparision of stretch at selected intervals within 
both male groups. In this case, estrogen treatment had no 
significant effect upon the stretch (p > 0.805).
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Figure 6. Comparison of ligamentous stretch at 1000 
grams among the experimental groups. There is a 
significant difference with the gonad treatment (p< 0.023). 
Estrogen had no significant effect upon the stretch (p > 
0.509).
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Table 1. Mean breaking points and standard deviations of the medial collateral ligament (MCL) of frozen
and fresh legs of male rats.

Breaking Point (g)
Fresh Legs 1137.4 ± 312.14
Frozen Legs 1407.4 ± 160.72
No statistical difference was seen (p < 0.05) using a T-test.

Table 2. Mean breaking points and standard deviation of the medial collateral ligaments (MCL) of i
experimental groups.

Breaking Point (g)

Ovariectomized Females No Estrogen 1385.4 ±63.75
Ovariectomized Females Estrogen 1232.4 ±44.06
Orchiectomized Males No Estrogen 1399.4 ± 72.07
Orchiectomized Females Estrogen 1422.4 ± 189.58
Intact Males No Estrogen 1477.4 ±211.15
Intact Males Estrogen 1534.9 ± 169.97
No statistical difference was seen (p > 0.05) using ANOVA statistical method.

Table 3. Results of ANOVA test between stretch at selected increment and estrogen treatment in females.
Source F P
Increment 70.79 <0.001*
Estrogen 5.68 0.026*
Increment X Estrogen 1.20 0.333
♦Indicates a statistical difference.

Table 4. Results of ANOVA test between stretch at selected intervals and estrogen treatment in 
orchiectomized males and intact males.
Source F P
Increment 94.47 <0.001*
Estrogen 0.06 0.805
Increment X Estrogen 0.03 0.992
♦Indicates a statistical difference.

Table 5. Results of ANOVA test comparing stretch at 1000* grams and estrogen treatment among all
groups.
Source F P
Gonad 3.68 0.023**
Estrogen 0.46 0.509
♦Different increments were used for protocols; closest weight to 1000 grams was used. 
♦♦Indicates a significant difference.
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Discussion

Injection of 17-b-estradiol had no effect upon the breaking point of any groups. 

Therefore, I have to reject my hypothesis that estrogen would have an effect upon the 

breaking points of the medial collateral ligament. My results are not consistent with a 

study done in 1999 by Slauterbeck et al. Slauterbeck and his co-workers found that 

increased levels of estrogen significantly decreased the failure load (breaking point) of 

female rabbit anterior cruciate ligament. In my study, the small sample number with its 

large standard deviation may have kept the study from statistical significance. Also, 

there may be differences in sensitivity between the species. Another possible explanation 

could be a response difference in the MCL and the ACL to estrogen. However, the data 

reveals a trend in which estrogen treated females did have a lower weight at which the 

ligaments broke. I hypothesized that the orchiectomized male rats would respond to the 

estrogen in the same manner as the ovariectomized female rats. In this study the 

orchiectomized males receiving estrogen showed no difference in either the breaking 

point or ligamentous stretch from the orchiectomized males given vehicle.

Sciore et al. (1998) reported the presence of estrogen receptors in the MCL of 

male and female rabbits and humans. Rats were used in my study and possibly male rats 

lack estrogen receptors in knee ligaments. My sample number may also have been a 

factor due to the large standard deviation that can occur with small sample size. It is also 

possible that the concentration of estrogen given was inadequate to see a response or that 

the time frame of the injection was incorrect. However, if my injection levels and time 

frame were correct, an intriguing questions remains. If male rats do have estrogen
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receptors and are not responding to estrogen in terms of breaking points or stretch then 

why are the estrogen receptors there?

Within the female groups, estrogen had a significant effect upon the stretch of the 

medial collateral ligament. However, my results differ from a previous study that 

reported that estrogen increases the stretch of the ligament (Kahl, 2000). My results 

indicate that estrogen administration decreases the stretch. Kahl’s study used 

prepubescent female rats and it may be possible that there is an age dependent difference 

in the presence of estrogen receptors or in the response to estrogen. There have been 

numerous studies that have reported that joint laxity is increased by female sex hormones 

(Hama et al., 1976, Lui et al., 1997, Wojyts et al., 1998). However, data has been 

inconclusive, as the interplay between sex hormones and ligamentous laxity is not clear. 

Yu and coworkers (1999) reported that estrogen caused a significant decrease in Type I 

procollagen levels, but no change in Type III procollagen levels. This change would 

presumably result in a weaker ligament with increased stretch. My study revealed that 

the female rats given estrogen stretched less than those females not given estrogen, 

indicating that estrogen increased the strength of the ligament. This result is contrary to 

Yu’s finding, but may have been due to small sample size and a large standard deviation.

My results also show that gender related differences might be present with regards 

to stretch. The MCLs of orchiectomized males stretched significantly more than the 

MCLs of intact males. The presence of the sex hormone testosterone may give the 

ligament more tensile strength and less laxity as it has been shown to act directly upon 

the attachment site of ligaments (Tipton et. al 1969). Testosterone has been shown to 

have an anabolic effect upon collagen metabolism (Smith and Allison, 1965). Smith and
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his co worker found that testosterone propionate injections caused a significant increase in 

collagen in the skin and femur of weanling female rats. In addition, De Baux and Du 

Boestenselin (1955) reported that the administration of testosterone to young male rats 

caused collagen fibers that were longer and thicker than those in male rats not given 

testosterone. Further studies could investigate the action of testosterone in regards to 

stretch, or investigate possible age-dependent difference in response to estrogen in female

rats.
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APPENDIX

A. Weight of all animals used in each protocol with mean value listed.
Protocol Weight (g) Mean
I. Controls 244

235
238.5
225.5
244.5

237.5

Experimentals 208
217
224
210.5
225

216.9

II. Controls 314
341
320
338
301

322.8

Experimentals 329
261
334
310

308.5

III. Controls 400
360
380
348.5

372.13

Experimentals 351.5
345
344
344

346.13
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B. Breaking points of animals in fresh vs. frozen comparison
Animal Weight Breaking Point Fresh 

Leg
Breaking Point
Frozen Leg

285 1627.4 1707.4
318 1227.4 1157.4
351 557.4 1357.4

C. Breaking point for animals used in each protocol
Protocol Breaking Point Mean

I. Controls 1157.4
1447.4
1347.4
1447.4
1527.4

1385.4

Experimentals 1287.4
1157.4
1327.4
1157.4

1232.4

II. Controls 1507.4
1507.4
1527.4
1177.4
1277.4

1399.4

Experimentals 1527.4
1757.4
877.4
1527.4

1422.4

III. Controls 1427.4
1127.4
1657.4
1927.4

1477.4

Experimentals 1227.4
1077.4
2027.4
1577.4

1534.9



30

D. Average Stretch per increment among ovariectomized females.
List of Increments Controls Experimentals
200 0.48 0.51
100 0.6 0.28
100 0.25 0.29
100 0.25 0.26
100 0.25 0.26
50 0.14 0.18
50 0.24 0.18
50 0.19 0.16
50 0.2 0.16
50 0.2 0.19
50 0.28 0.19
50 0.23 0.29
50 0.33 0.2
50 0.5 0.2
50 0.33 0.23
20 0.2 0.2
20 0.25
20 0.22
20 0.18
20 0.25
20 0.1



31

E. Average Stretch per Increment among orchiectomized males.
List of Increments Controls Experimentals
100 0.39 0.43
50 0.25 0.22
20 0.12 0.12
20 0.13 0.1
20 0.12 0.17
20 0.1 0.12
20 0.12 0.070
20 0.12 0.15
20 0.3 0.83
20 0.12 0.12
20 0.1 0.07
20 0.12 0.22
20 0.1 0.1
50 0.13 0.25
50 0.15 0.13
50 0.2 0.17
50 0.17 0.18
50 0.13 0.15
50 0.13 0.18
50 0.18 0.15
50 0.15 0.13
50 0.17 0.13
50 0.2 0.13
50 0.22 0.18
50 0.17 0.13
50 0.2 0.2
50 0.2 0.18
50 0.23 0.2
50 0.28 0.18
50 0.35 0.23
50 0.35 0.28
50 0.35 0.28
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F. Average stretch per increment among intact males
List of Increments Controls Experimentals
100 0.34 0.42
50 0.12 0.11
20 0.08 0.06
20 0.1 0.09
20 0.8 0.09
20 0.8 0.08
20 0.12 0.13
20 0.06 0.08
20 0.88 0.06
20 0.88 0.08
20 0.88 0.06
20 0.88 0.11
20 0.11 0.1
50 0.1 0.09
50 0.11 0.11
50 0.1 0.1
50 0.11 0.13
50 0.13 0.16
50 0.16 0.18
50 0.15 0.13
50 0.11 0.11
50 0.1 0.15
50 0.16 0.15
50 0.17 0.1
50 0.15 0.12
50 0.13 0.08
50 0.12 0.17
50 0.15 0.12
50 0.15 0.12
50 0.13 0.13
50 0.1 0.2
50 0.1 0.15
50 0.15 0.15
50 0.13
50 0.18
50 0.13
50 0.2


