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Abstract 

Cardiac hypertrophy is defined as an increase in heart weight: body weight (HW:BW) and occurs 

in two different situations. Cardiac hypertrophy can be caused by exercise (physical induction) 

or heart disease (pathological induction), each caused by phosphoinositide 3-kinase (PI3K). 

Swim training was performed on female and male C57IBL6 mice. The mice were subjected to a 

swimming schedule that started with a 5 minute swim twice a day for a week, then increased to 

10 minutes for two days and increased in 10 minute increments every other day until a 90-minute 

swim session was reached and maintained for 4 weeks. The mice swam 7 days a week 

throughout the study. The HW:BW of the males increased by 32 percent, but the females only 

increased by 8 percent. We concluded that swim training does significantly cause cardiac 

hypertrophy in male mice. 

Introduction 

Heart disease is the number one killer of adults in the United States [1]. Heart disease 

causes pathological hypertrophy of the heart, which leads to a bigger but weaker heart that is 

more susceptible to heart failure [3]. Hypertrophy can be defined as enlargement of a tissue or 

organ of the body resulting from an increase in the size of its cells [6]. We defined cardiac 

hypertrophy as an increase in heart weight: body weight (HW:BW), the heart weight 

significantly increases due to hypertrophy. Cardiac hypertrophy can be caused by exercise 

(physical induction) or heart disease (pathological induction), each caused in part by 

phosphoinositide 3-kinase (PI3K) [10]. 
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When the animal is old or debilitated and the inciting stress is severe and abruptly 

applied, pathologic hypertrophy develops. In this case, the cardiac muscle generated is abnormal 

and displays depressed contractility [8]. Pathological hypertrophy is associated with fibrosis, an 

altered pattern of cardiac gene expression, increased morbidity, cardiac dysfunction, and 

increased mortality. Experimental analysis indicates that if the animal is young and healthy and 

the stress is moderate and gradually applied, then physiologic hypertrophy of muscle with 

normal contractility develops. In this case, cardiac hypertrophy is often regarded as a valuable 

adaptation to increased hemodynamic loading [8]. Physiological hypertrophy is characterized by 

normal or enhanced cardiac function, and a normal organization of cardiac structure [10]. 

PI3K is an enzyme that has been found to induce hypertrophy of heart and skeletal 

muscles. PI3K phosphorylates the hydroxyl group at position 3 of phospho in os it ides [14]. PI3K 

is a lipid kinase that plays a vital role as a signal transducer. There are three classes of PI3Ks, 

but class I is the most well known and composed of three different isoforms: pI lOa, pIIO~ and 

pI 1 Or [12]. The various functions of the class I isoforms are just beginning to be discovered and 

understood, but much is still unknown. PI3K plIO" in the heart leads to pathologic hypertrophy, 

but p 11 Oa leads to exercise-induced cardiac hypertrophy [10]. It is known that PI3K causes 

hypertrophy in skeletal muscle but it has not been determined which of the isoforms actually 

causes the change. It has also been determined that one downstream mediator ofPI3K, mTOR, 

is vital in skeletal muscle hypertrophy [2]. 

The PI3K pIIOa pathway that leads to physiological heart growth can be induced or 

prevented in order to gain a better understanding of the pathway. One way in which to induce 

the pathway is by using insulin-like growth factor 1 (lOFI) [11]. Many tissues, in response to 

hormone stimulation, produce iOFs [11]. IOF! is already present in adult hearts and it has been 
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revealed that nonnal activation ofIGFl is necessary for myocardial performance [5]. Although 

IGFI causes physiological cardiac hypertrophy, it also causes secondary hypertrophy of other 

organs and can lead to pathological hypertrophy [11]. 

Exercise leads to hypertrophy, an enhancement of cardiovascular capacity and sometimes 

an enlargement of the left ventricular wall of the heart. Many studies have been done on mice, 

rats and even humans using various fonns of exercise including treadmills, wheel running and 

swim training. Among the three physical conditioning types listed above, swim training has 

been proven to show the greatest cardiac hypertrophy in mice [4] and rats [7]. Group swims are 

the most common type of swim training because it promotes a vigorous response but also adds 

stress as an important variable [4]. Swim training was chosen for this experiment because it is 

the most effective way to achieve exercise-induced cardiac hypertrophy. 

Swim training has been perfonned with both rats and mice, but mice tend to have higher 

cardiac hypertrophy than rats [4]. The mice are never under the water for very long and are 

constantly swimming with their hind legs to keep themselves about the surface of the water. 

They are getting more exercise than the rats that dive under the water and sit on the bottom of the 

swim tank. There are several types of mice used in these studies but the most common are 

C57/BL6 and FVBIN. The C57/BL6 mice are quite aggressive. C57B1I6 mice are more active 

in the open-field than Balb/c, and C57B1I6 females demonstrate the highest levels of activity 

[13]. 

In order to achieve the desired cardiac hypertrophy, a total of four protocols ended up 

being established. The first two protocols all had some faults resulting in several early deaths 

that caused their immediate tennination. Protocol 3, however, fixed some of those faults but 

produced insignificant results in the end. The first protocol was done with female Balb/C mice 
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because females do not fight in the water and the Balb/C mice are a passive strain. The Balb/C 

females proved to be too passive and four of them were not even strong enough to survive the 

first ten-minute swim. The other 3 protocols were performed with C57IBL6 mice because they 

were more aggressive and had more of a will to live. The first 2 protocols were done with 

female C57IBL6 mice, but due to the insignificant difference in cardiac hypertrophy, male 

C57/BL6 mice were used in protocol 4. 

The goal of this study was to determine if swim training causes cardiac hypertrophy and 

to establish a working model. This research is of vital importance because heart disease is the 

number one killer of adults in the United States. The original hope for this thesis was to be able 

to use this swim model with rapamyosin to see what kinds of affects the drug has on cardiac and 

skeletal muscle hypertrophy. We hope to repeat this swim model in the fall to determine which 

PI3K isoform stimulates cardiac muscle growth versus skeletal muscle growth and whether the 

inhibition of the mammalian target of rap amy os in (mTOR) or nitric oxide synthase (NOS) 

reduces hypertrophy in the heart or skeletal muscle. We were not able to do this research this 

year because we had to first find a swimming model that produced cardiac hypertrophy, which 

was achieved through the current study. If we can determine the factors that cause pathological 

hypertrophy and which isoforms ofPI3K are involved in physiologic hypertrophy in heart and 

skeletal muscle, then we can potentially help many Americans in the area of cardiac health and 

disease. 

Materials and Methods 
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The swim training model resembles that of Matthew L. Kaplan et al. [9] as well as Julie R. 

McMullen et al. [10] who established a successful technique to develop cardiac hypertrophy in 

mlce. 

Training protocols 

Protocol 1. In protocol 1, swimming training was performed with 16 female Balb/C mice 

between eight and ten weeks old weighing an average of21 grams initially. The mice were 

marked with ear tags and daily weights recorded. The mice were made to swim in tanks with a 

surface area of225 cm squared and a depth of 15 em and water temperature of21 degrees 

Celsius. The first day of swimming contained two 10-minute swim sessions separated by four 

hours. Four mice were lost that first day causing the study to be terminated immediately. 

Protocol 2. Protocol 2, was performed with a total of 20 female C57IBL6 mice between 

eight and ten weeks old, weighing 19-25 grams initially. The mice were ear tagged and their 

weights were recorded once a day before the second swim session. 13 mice were swim trained 

and the other 7 were sedentary. The mice were made to swim in tanks with a surface area of 225 

cm squared and a depth of 15 cm and water temperature of 30-32 degrees Celsius. The water 

temperature was held constant by placing the swim tank in a water bath. Two, ten-minute 

sessions separated by four hours completed the first day of training. Swim sessions were 

increased by ten minutes per day. All 13 swimmers survived the first day of swimming, one died 

on the second day and three on the third day, causing this study to be terminated on day three. 

Protocol 3. In protocol 3, the 9 surviving swimmer female C57/BL6 mice from protocol 

2 were used as the swimmers and the original 7 sedentary mice remained sedentary for this 

experiment as well. The daily weights of the mice were not taken as in the previous protocols. 

The mice were made to swim in tanks with a surface area of 225 cm squared and a depth of 15 
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cm and water temperature of 30-32 degrees Celsius. The water temperature was held constant by 

placing the swim tank in a water bath. Two five-minute sessions separated by four hours 

completed the first day of training. Swim sessions were held constant at 5 minutes for the first 

week and then increased by ten minutes every other day until a 90-minute session is reached. 

The mice went through two 90-minute training sessions 7 days a week for 4 weeks. A small fish 

net was implemented in order to collect all the swimming mice at once and six ping-pong balls 

were placed in the water to decrease the surface area available once too many mice died. Once 

the 4 weeks of training was done, the control and conditioned mice were anesthetized with 

carbon dioxide, weighed, drained of blood via incision of dorsal aorta, and heart and leg muscle 

were collected. The heart was cut open and dipped in buffer to remove excess blood, weighed, 

and frozen. The leg muscles were frozen as well. 

Protocol 4. In protocol 4, a total of28 male C57/BL6 mice between eight and ten weeks 

old, were used weighing 19-25 grams initially. 15 mice were swim trained and the other 13 were 

sedentary controls. The daily weights of the mice were not taken as in the previous protocols. 

The mice were made to swim in tanks with a surface area of225 cm squared and a depth of 15 

em and water temperature of 30-32 degrees Celsius. The water temperature was held constant by 

placing the swim tank in a water bath. Two five-minute sessions separated by four hours 

completed the first day oftraining. Swim sessions were held constant at 5 minutes for the first 

week and then increased by ten minutes every other day until a 90-minute session was reached. 

The mice went through two 90-minute training sessions 7 days a week for 4 weeks. The small 

fish net from protocol 3 was implemented once again in order to collect all the swimming mice 

at once and the ping pong balls were used again during the last 2-3 weeks of swimming. Once 

the 4 weeks of training was done, the control and conditioned mice were anesthetized with 
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carbon dioxide, weighed, drained of blood via incision of dorsal aorta, and heart and leg muscle 

were collected. The heart was cut open and dipped in buffer to remove excess blood, weighed, 

and frozen. The leg muscles were frozen as well. 

Statistical analysis 

Data for the swim-trained group was compared to that ofthe sedentary control group 

using single factor ANOV A in protocol 3 and t-test in protocol 4. Statistical significance was set 

at P ::: 0.05. 

Results 

Swimming Model 

The various protocols performed to achieve the proper swimming model yielded several 

important results including mouse type, water temperature regulation, method of removal from 

water, and swimming schedules. Protocol 1 was terminated after the very first day because four 

mice died on the first day alone, but protocol 1 showed us that Balb/c mice are too docile and 

passive for a swim-training and the water temperature must be within the 30-32 degree Celsius 

range so the mice do not get too cold. Protocol 2 was designed to correct the errors from 

protocol 1, but it was terminated on day three because too many mice died in this study as well. 

Protocol 2 revealed that the swimming schedule was too rigorous and strenuous and that many of 

the mice were dying at the very end while being removed from the tank. Protocol 3 was 

designed to correct the problems with protocol 2, but the results we obtained from protocol 3 

were insignificant. Protocol 3 revealed that the number of mice used needed to be increased; 

female mice did not produce a big enough difference in heart weight to body weight, more mice 
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survived when using the fish net to retrieve them from the water, and less mice means less 

motivation to swim resulting in less exercise and lower hypertrophy. Protocol 4 was then 

designed to fix the problems from protocol 3, and significant cardiac hypertrophy was finally 

achieved. Protocol 4 revealed that male mice have a much higher cardiac hypertrophy than 

females, more mice results in more active swimming, and male do not really fight more in the 

water than the females. 

Heart Weight to Body Weight ratio 

The heart weight to body weight ratio (HW:BW) was found upon dissection for all the 

controlled and conditioned mice. The HW:BW is found because it is a good indication of 

cardiac hypertrophy. Since protocol 1 and 2 did not go to completion, the HW:BW could not be 

determined. In protocol 3, the average HW:BW for the control mice was lower than the average 

HW:BW for the swim trained mice, but there was not a significant statistical difference between 

them. The HW:BW increase was only 8 percent and the that the statistical difference was proven 

not significant (p = 0.105). In protocol 4, the average HW:BW for the control mice was much 

lower than that of the swim trained mice. The HW:BW increase was proven to be 32 percent 

and that difference was shown to be significant (p = 0.002). 

Bloody lungs 

In protocol 3, all the swim-trained mice had bloody lungs upon dissection. In protocol 4, 

all the mice had bloody lungs upon dissection. The suspected reason for the bloody lungs was 

the carbon dioxide used in the anesthetization of the mice. 
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Figures and Tables 

Date 
Time Time Temp Temp 
(min) (min) AM PM 

10/4/04 5 5 30~ 1015104 5 5 30 
1u/6/U4 :> :> 3U. 

1017104 5 5 30.0 29.9 

Date 
Time Time Temp Temp 
(min) (min) AM PM 

10/29104 90 90 31.5 I 31.0 
10/30104 90 90 32.0 31.0 
lU/31/U4 YU YU 31.U 31.0 
11101104 90 90 31.0 31.0 

10/8/04 5 5 31.0 31.0 11102/04 90 90 31.5 31.0 
10/9/04 5 5 31.0 31.0 11103/04 90 90 31.0 31.0 
10/10/04 10 10 31.0 32.0 11/04/04 90 90 31.0 31.0 
10/11104 10 10 31.5 31.0 11105104 90 90 31.0 31.0 
10112/04 20 20 31.0 31.0 11/06/04 90 90 31.0 31.0 
10/13/04 20 20 31.0 31.0 11/07/04 90 90 31.0 31.0 
10114/04 30 30 31.0 31.0 11/08/04 90 90 31.0 ! 31.0 
10115104 30 30 31.0 31.0 11109104 90 90 31.0 31.0 
10/16/04 40 40 31.0 30.0 11110104 90 90 no SWIm 31.0 
10/17/04 40 40 31.0 31.0 11111104 90 90 31.0 31.0 
10/18/04 50 50 31.0 BE 10/19/04 50 50 31.0 
10/20104 60 60 31.0 31.0 

11112/04 90 90 31.0 31.0 
11113104 90 90 31.0 31.0 
11114/04 90 90 31.0 31.0 

10/21104 60 60 31.0 31.0 11115104 90 90 31.0 30.5 
10/22/04 70 70 31.0 31.0 11116104 90 90 31.0 31.0 
10/23104 70 70 31.0 31.0 11/17/04 90 90 31.0 31.0 
10/24/04 80 80 33.0 33.0 11/18/04 90 90 31.0 31.0 
10/25104 80 80 33.0 34.0 11119104 90 90 31.0 31.0 
10/26/04 90 90 30.0 30.0 11120104 90 90 31.0 31.0 
10/27/04 90 90 31.0 31.0 11121/04 90 90 31.0 31.0 
10/28/04 90 90 31.0 31.0 11122/04 90 90 31.0 31.0 

Table 1. Daily Schedule of Time and Temperatures in degrees Celsius for Protocol 3 
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Mouse 
Mouse Heart 

Group Weight Weight HW:BW 
# 

(g) (g) 

Mouse 
Mouse Heart 

Group 
# 

Weight Weight HW:BW 
(g) (g) 

Control 1 24 0.096 0.004000 
Swim-

8 25 0.110 0.004400 
trained 

Control 2 24 0.094 0.003916 
Swim-

9 24 0.099 0.004125 
trained 

Control 3 24 0.113 0.004708 
Swim-

10 21 0.087 0.004143 
trained 

Control 4 24 0.097 0.004041 
Swim-

11 21 0.095 0.004524 
trained 

Control 5 24 0.102 0.004250 
Swim-

12 22 0.102 0.004636 
trained 

Control 6 22 0.080 0.003636 

Control 7 25 0.093 0.003720 

Table 2. Harvesting Information for Protocol 3 of Swim-trained and Sedentary Mice 

SUMMARY 

Groups Count Sum Average Variance 
Control 7 0.02827 0.004039 1.29E-07 

Swim-trained 5 0.02183 0.004366 5.18E-08 

ANOVA 

Source of 
SS df MS F P-value F-crit 

Variation 
Between groups 3.1IE-07 I 3.IIE-07 3.176636 0.10503 4.96459 
Within groups 9.80E-07 10 9.80E-08 

Table 3. ANOVA Results 
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Date 
Time Time Temp Temp 
(min) (min) AM PM 

Date 
Time Time Temp Temp 
(min) (min) AM PM 

1118/05 5 5 30.0 30.0 2/9/05 90 90 30.0 30.0 
1119/05 5 5 31.0 31.0 2/10/05 90 90 30.0 30.0 
1120105 5 5 31.0 31.0 2111105 90 90 30.0 30.0 
1121105 5 5 31.0 31.0 2112/05 90 90 31.0 31.0 
1/22/05 5 5 30.0 30.0 2/13/05 90 90 30.0 31.0 
1/23/05 10 10 30.0 30.0 2114/05 90 90 31.0 31.0 
1/24/05 10 10 30.0 30.0 2115/05 90 90 30.0 30.0 
1125105 20 20 30.5 30.5 2116/05 90 90 31.0 30.0 
1126/05 20 20 31.0 31.0 2117/05 90 90 30.0 30.0 
1127/05 30 30 30.0 30.0 2118/05 90 90 30.0 30.0 
1/28/05 30 30 30.0 30.0 2119/05 90 90 30.0 30.0 
1129105 40 40 30.0 30.0 2/20105 90 90 30.0 30.0 
1130105 40 40 30.0 30.0 2/21105 90 90 30.0 30.0 
1131105 50 50 30.0 30.0 2/22/05 90 90 30.0 30.0 
211105 50 50 30.0 30.0 2/23/05 90 90 30.0 30.0 
2/2/05 60 60 31.0 30.0 2/24/05 90 90 30.0 29.5 
2/3/05 60 60 30.0 30.0 2/25/05 90 90 30.0 30.0 
2/4/05 70 70 30.0 30.0 2/26/05 90 90 30.0 30.0 
2/5/05 70 70 30.0 31.0 2/27/05 90 90 29.0 29.0 
2/6/05 80 80 31.0 30.0 2/28/05 90 90 30.0 30.0 
2/7/05 80 80 30.0 30.0 311105 90 90 30.0 30.0 
2/8/05 90 90 31.0 30.0 3/2/05 90 90 30.0 30.0 

Bold = 1 mouse diel 
Table 4. Daily Schedule of Times and Temperatures of Protocol 4 

Mouse 
Mouse Heart 

Group Weight Weight HW:BW 
# 

(g) (g) 

Mouse 
Mouse Heart 

Group Weight Weight HW:BW 
# 

(g) (g) 

Control 13 29 0.113 0.0039 
Swim-

19 29 0.189 0.00652 
trained 

Control 14 28 0.126 0.0045 
Swim-

20 26 0.129 0.00496 
trained 

Control 15 30 0.120 0.004 
Swim-

21 26 0.141 0.00542 
trained 

Control 16 29 0.117 0.00403 
Swim-

22 29 0.135 0.00466 
trained 

Control 17 30 0.115 0.00383 
Swim-

23 24 0.118 0.00492 
trained 

Control 18 29 0.103 0.00355 
Swim-

24 27 0.132 0.00489 
trained 

Table 5. Harvesting InformatIOn for Protocol 4 of Swim-trained and Sedentary Mice 
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Normality Test: 
Equal Variance Test: 

Group Name 
control 

swim-trained 

N 
6 
6 

Difference -0.00126 

Passed (P = 0.182) 
Passed (P = 0.496) 

Missing 
o 
o 

Mean Std Dev SEM 
0.00397 0.000312 0.000127 
0.00523 0.000680 0.000277 

t = -4.127 with 10 degrees of freedom. (P = 0.002) 
95 percent confidence interval for difference of means: -0.00194 tp -0.000580 
The difference in mean values of the two groups is greater than would be expected by chance; 
there is a statistically significant difference between the input groups (P = 0.002). 

Power of performed test with alpha = 0.050:0.959 

Table 6. T -test for Protocol 4 

Discussion 

In this study, we examined swim training as a form of exercise conditioning to achieve 

cardiac hypertrophy. Four protocols were performed before a significant difference could be 

found in HW:BW ratio indicating physiological cardiac hypertrophy. All four protocols were 

swim training models, but each protocol had variations that fixed many of the major problems 

experience in the previous protocol. The significant increase of32 percent of HW:BW indicates 

that swim training, when done properly, causes cardiac hypertrophy in mice. 

Exercise training model 

Swim training instead of running was chosen as the model for this study because of its 

efficiency in inducing cardiac hypertrophy and ease of operation. In this study, the swim 

training model resembles that of Matthew L. Kaplan et al. [9] as well as Julie R. McMullen et aL 

[9] who established a successful technique to develop cardiac hypertrophy in mice. The basic 

model includes mice between the ages of eight to ten weeks, weigh 15-25 grams, and swim tanks 
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that have a surface area of 225 cm squared and a depth of 15 cm and water temperature of 30-32 

degrees Celsius [9]. 

Protocol 1 was our first attempt at replicating the study results found by Kaplan et aI. [9], 

but the study had be terminated on the first day because 4 of the swimmers drown. A change 

that we made to this protocol from the Kaplan one was the use of Balb/c mice instead of 

C571BL6. The Balb/c mice were in ready supply at the appropriate age and weight, and being 

more passive, we thought they would work well together. Our assumption was wrong; the 

passive behavior may have worked against them and actually caused their detriment. Another 

factor we changed from the original study was the water temperature. The water temperature 

was only at 21 degrees Celsius instead of 30-32 degrees Celsius. The lower water temperature 

most likely caused the mice to become too cold and unable to swim any longer, which resulted in 

their deaths. 

Protocol 2 made the necessary changes to solve the problems experienced in protocol 1, 

but it had some more problems of its own. Protocol 2 used female C57IBL6 mice in the correct 

age and weight range rather than the BaIb/c female mice. Placing the swim tanks in a large, 

water bath that holds the water at the necessary constant temperature range of 30-32 degrees 

Celsius, solved the water temperature problem. The study began with two ten minute swims on 

the first day, and an increase in ten minute intervals every day after that. Even after 

implementing these two changes, one mouse died on the second day of swimming and three on 

the third day, causing this study to be terminated on day three. We concluded that the problem 

this time must have been with the increments of time increase for the swims was too drastic and 

a less strenuous schedule needed to be made. 
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Protocol 3 was the first attempt at cardiac hypertrophy by swim training using the new, 

less strenuous time schedule. The institution of the weeklong five-minute swims twice a day 

helped acclimate the mice to the idea of swimming and gave them some time to condition before 

having to increase the length of the swims. After the initial week of five minute swims twice a 

day, the time was increased to ten minutes twice a day for two days and increased by 10 minute 

increments every other day until a 90~minute swim was reached and done twice a day for 4 

weeks. The nine surviving female C57IBL6 mice from protocol 2 were used to test this new 

schedule. A fish net was implemented into this protocol in order to remove the mice all at once, 

reducing the number of deaths at the end ofthe study. The mice need motivation to swim and 

that motivation are provided by running into each other, so then there are fewer mice in there 

they have less motivation to swim and more to drown. Six ping pong balls also had to be 

implemented to reduce the surface area in the swim tank and cause more motivation to swim. 

Without that motivation, the mice will either drown or float and end up not having enough 

exercise to cause cardiac hypertrophy. 

The rest of the swimming model for protocol 3 remained the same from protocol 2. Four 

of the nine swim~trained mice died during this study and cardiac hypertrophy was found, but 

there was not a significant difference in the HW:BW ratio. The increase was measured to be 

only 8 percent rather than the 13 percent seen in the Kaplan et al. study [9]. We concluded that 

the reduced number of mice may have been a large factor in this study not having significant 

results because there was not enough motivation to swim the entire time. The mice spent time 

floating instead of swimming, so they did not have enough continuous exercise to achieve a 

significant amount of hypertrophy seen in the difference in the HW:BW. 
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Protocol 4 was created to attempt to fix the problems with protocol 3 and achieve a 

significant difference in HW:BW resulting in a significant change in cardiac hypertrophy by 

swim training. Protocol 4 used male C57IBL6 rather than female because other studies have 

shown a more significant change in HW:BW in male mice [4]. This protocol also began with 

total of fifteen swimmers because we wanted to make sure they were well motivated. At first, 

we were concerned about the number of male mice in the water together because male mice tend 

to fight in the water, but we quickly realized that the male mice did not act any differently in the 

water than the female mice. Every other aspect of protocol 4 follows that of protocol 3, even the 

use of the fishnet and ping-pong balls in the end. Nine of the original fifteen mice died during 

the swim training: two mice died on the very first day of swimming, one in the morning and one 

in the afternoon, but the rest did not die until 90 minute swims were reached. Five of those 

seven mice died in a matter of three days and we concluded that they might have gotten an 

infection during that time that prevented them from being able to swim any longer. Even though 

they died one at a time, we suspected an infection because they all died so close to one another. 

Despite the many deaths in protocol 4, there was a significant difference in the HW:BW ratio 

indicating that cardiac hypertrophy occurred. There was a 32 percent increase seen in this 

protocol, which is even higher than that of several other studies [4, 10]. 

All of the swim-trained mice in protocol 3 and all of the swim-trained and control mice in 

protocol 4 had bloody lungs upon dissection. The mice were anesthetized with carbon dioxide 

causing them to suffocate, resulting in damage to the lungs. Since we were not doing any testing 

with the lungs, the blood lungs were not a problem or concern but merely an observation. If the 

mice were anesthetized with something other than carbon dioxide that affects the lungs, there 

would not have been damage to the lungs resulting in bloody lungs. 
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The role ofPI3K pI lOa may be known, but it is unknown which of the PI3K isofonns 

controls skeletal muscle hypertrophy and what proteins downstream are important in this 

hypertonic response. This study was important because we were able to finally find a model that 

worked in achieving cardiac hypertrophy, and now further studies can be perfonned using this 

model. The exact roles of the PI3K family can be discovered through further research with 

rapamyosin or IGFI. We were able to answer our specific question that yes, swim training does 

produce cardiac hypertrophy in mice, so now the focus can be broadened. 

The original hope for this thesis was to be able to use this swim model with rapamyosin 

to see what kinds of affects the drug has on cardiac and skeletal muscle hypertrophy. We hope 

to repeat this swim model in the fall to detennine which PI3K isofonn stimulates cardiac muscle 

growth versus skeletal muscle growth and whether the inhibition of the mammalian target of 

rapamyosin (mTOR) or nitric oxide synthase (NOS) reduces hypertrophy in the heart or skeletal 

muscle. We were not able to do this research this year because we had to first find a swimming 

model that produced cardiac hypertrophy. This research is of vital importance because heart 

disease is the number one killer of adults in the United States. If we can detennine the factors 

that cause pathological hypertrophy and which isofonns ofPI3K are involved in physiologic 

hypertrophy in heart and skeletal muscle, then we can potentially help many Americans in the 

area of cardiac health and disease. 
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