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ABSTRACT 

The Zucker "fatty" rat is genetically obese. One of the proposed mechanisms for the 

obesity is a deficit or defect in Na+ ,K+ -ATPase (sodium, potassium pump) function. 

This study was designed to compare basal levels of Na+ ,K+-ATPase in lean and obese 

Zucker rats and to determine whether the amount of enzyme changes in response to L-

3,5,3'-triiodothyronine (T3) in the same manner in the obese rat as in the lean Zucker 

rat. Two methods were developed and tested. One method quantitates Na+ ,K+ -

A TPase activity by measuring inorganic phosphorus released during the hydrolysis of 

ATP by the enzyme; the other method measures the amount of [3H]-ouabain specifically 

bound to Na+ ,K+ -ATPase in the presence of vanadate. The [3H]-ouabain method was 

found to be more sensitive, and was used to study the Zucker rats. 

Soleus and extensor digitorum longus (edl) muscle samples (5-10 mg) from lean and 

obese T 3-treated and untreated Zucker rats were incubated for 2 X 60 min at 37°C in 

vanadate buffer containing 1 µCi/ml [3H]-ouabain. The samples were washed in 

unlabeled vanadate buff er for 4 X 30 min and then soaked in O. 3 M trichloroacetic acid 

overnight. Tritium activity was measured in a liquid scintillation counter and calculations 

were performed to detennine pmol ouabain bound/ g wet weight. Serum samples from 

the rats were assayed to determine T3 and thyroxine (T~ concentrations. Serum T3 

levels were elevated and T4 levels depressed in both the lean and obese T3-treated rats. 

Both the obese and lean treated rats showed significant increases over basal for [3H]

ouabain binding to soleus but not to edl. These results are in agreement with a previous 

study on the sodium, potassium pump in liver tissue of obese Zucker rats and do not 

support a relationship between the enzyme and the obesity of the Zucker rat. 
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CHAf>TER 1 

INTRODUCTION 

The Zucker "fatty" Rat 

The Zucker "fatty" rat is genetically obese. The obesity of the animal is due to a 

single recessive gene (fa) (Zucker and Zucker 1961) located hro fi (T on c mosome 1ve ruett 

et al. 1991). The Zucker "fatty" rat was discovered in a laboratory in Stow , 

Massachusetts in 1961 by Lois and Theodore Zucker (Zucker and Zucker 1961). The 

mutation appeared spontaneously in a cross between the Merck Stock M and Shennan 

rats (Bray 1977) . 

The obese Zucker rat has many aberrant physiological proces es . Some 

characteristics of these animals are hypothyroidism (Bray and York 1971) 

hyperinsulinemia (Martin et al . 197 ) , and hyperphagia (Bray and York 1972). 

Additionally , Zucker "fatty" rats ha e impaired reproducti e function with males almost 

always being sterile (Zucker and Zucker 1961 , Young et al . 19 2b). 

The obese animals are easily di tingui hable from th ir lean littennat by fi e weeks 

of age (Zucker and Zucker 1961). The Zucker "fatty " rat ha a greater body fat content 

than its lean Iittennate and an altered body hape. The obe rat ha e an increa ed 

number of adipocyte that are larger than nonnal (Bray 1977) . Zucker "fatty " rats al o 

have elevated plasma triglyceride that cannot be attributed to o ereating alone (Barry 

and Bray 1969) . 

Young obese Zucker rats eat 50 % more and drink more than their lean littennates 

h hal · be t (Bray and York 1972) and their body composition is not or ypot am1c o se ra s 

· food · t; (Bray et al 1973 Young et al . 1985) . The extra energy nonnalized by restncuon · ' 
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taken in is stored as fat (Bray 1977). The rats have an increased efficiency of food 

utilization (Zucker 1975, Deb et al. 1976, Young et al. 1980) and continually accumulate 

fat throughout life (Bray 1977) Thi ffi · · · · s e iciency is partially due to the fact that the 

Zucker "fatty" rat directs nutrients toward adipocytes and away from muscle tissue 

(Young et al. 1980, Argiles 1989). 

Early studies showed that Zucker "fatty" rats have lower oxygen consumption than 

their lean littermates (Milam et al. 1982) as well as impaired uptake and release of 131 I 

(Bray and York 1971). The early studies also showed that the Zucker "fatty" rat may 

have an impaired ability to form or distribute thyrotropin-releasing hormone (TRH) or 

the thyroid of the animal may have an impaired response to circulating thyrotropin (TSH) 

(York et al . 1971, Martin et al. 1978, Goldberg et al . 1988). When fed a low protein, 

high carbohydrate diet, obese Zucker rats, unlike their lean littermates, lack the ability 

to eliminate excess energy through increased thermogenesis (Young et al. 1980). The 

obese rats in the 1980 study by Young et al. showed no increase in oxygen consumption 

or circulating T3 levels when fed the low protein diet. In 1982, Young et al. found that 

the change in T 3 levels in the lean rats was not related to changes in thyroid function but 

to an increase in serum thyronine-binding proteins. Young et al. (1982b) suggested that 

the increased oxygen consumption in the lean rats may be due to an increased tissue 

sensitivity to catecholamines or a stimulation of the sympathetic nervous system. 

Although much is known about the obesity of the Zucker "fatty" rat, the underlying 

cause of the obesity has yet to be determined (Argiles 1989, Johnson et al. 1991). The 

h h ·d· f h · al however coupled with its low metabolic rate, has led to ypot yr01 ism o t e arum , , 
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the question of decreased T3-stimulated Na+ K+ ATP .. , - ase activity as one cause. 

Na+ ,K+ -ATPase 

The sodium potassium pump (N + K+ . ' a , -ATPase) 1s a plasma membrane-bound 

protein complex that transports K + into and Na+ 0 t f · al n Thi · u o arum ce s. s process 1s 

coupled to the hydrolysis of ATP. The sodium, potassium pump is composed of the two 

subunits, ex and /3. The a-subunit is the larger of the two and contains the sites for ATP 

binding and phosphorylation. The function of the smaller {3-subunit is still unknown 

(Gick et al. 1988b), but probably has some regulatory function (Horowitz et al. 1990). 

The Na+ and K+ gradients formed by the activity of the pump are used to perform a 

variety of functions , including the transport of amino acids , glucose and er as well as 

the generation and conduction of nerve and muscle action potentials (Gick et al. 1988a). 

Thyroid hormones increase oxygen consumption in many mammalian tissues 

(McDonough et al. 1988) . Previous studies have shown that L-3 , 5, 3'-triiodothyronine 

(T
3
) increases Na+ ,K+ -ATPase activity by increasing synthesis of the enzyme in certain 

tissues such as kidney, skeletal muscle, and liver (Lin and Akera 1978). McDonough 

et al . (1988) measured mRNA concentrations in kidney tissue and found that T3 causes 

the increase in the enzyme by coordinately increasing the mRNAs of both the ex- and /3-

subunits of the enzyme. Horowitz et al. (1990) found a decrease in the ex subunit of the 

enzyme in the skeletal muscle of hypothyroid rats. When T 3 was administered to the 

rats , synthesis of the enzyme increased, leading to increased enzyme activity. 

Th 
· · f th odium potassium pump is thought to be a major determinant of e acuv1ty o es . , 

Up to 20-45 % of basal oxygen consumption in mammalian tissues 
basal metabolic rate. 
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has been attributed to the sodium, potassium pump (Edelman and Ismail-Beigi 1970). 

The large amount of oxygen consumption attributed to the sodium, potassium pump 

introduces the possibility that some types of obesity may be related to decreased sodium, 

potassium pump activity. The only publication describing measurement of the activity 

of the sodium, potassium pump in obese Zucker rats, a very brief report comparing 

+ K+ ATP . . . li h Na , - ase activity m ver omogenates from hypothyroid obese and lean T 
3
-

treated Zucker rats, reported no differences in the level of enzyme in the obese and lean 

T3-treated Zucker rats (Bray et al. 1978). Untreated obese and lean rats were not 

studied. 

Decreased numbers of Na+ ,K+-ATPase pump units have been found, however, in 

skeletal muscle, kidney, and liver tissues of the genetically obese ob/ob mouse (Lin et 

al . 1979 ). The ob/ob mouse is not hypothyroid but has an impaired peripheral response 

to thyroid honnones (Guernsey and Morishige 1979). 

Methods in the Literature 

Several methods have been used to measure the activity of Na+ ,K+ -ATPase. One 

method measures the hydrolysis of ATP to ADP and inorganic phosphate (Pi) by 

Na+ ,K + -A TPase in the presence and absence of the specific inhibitor ouabain. Ouabain 

. . d" 1 . de commonly used because of its water solubility and (g-strophanthin) 1s a car 1ac g ycos1 

• · um which is indicated by ouabain' s lack of its specificity for the sodium, potassmm P P, 

"d di- and triphosphatases (Hootman and Ernst 1988). effect on other membrane nucleon e 

+ + hih" 
1 ed . t nnediate form of Na ,K -ATPase, w c 1s 

Ouabain binds to the phosphory at m e 

. tman and Ernst 1988). The binding of ouabain to 
known as the :BiP configurauon (Hoo 
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the Na+ ,K+ -ATPase enzyme disrupts th · • 
e nonnal rnteract10ns between subunit sites 

(Askari et al. 1988). The activity of the enzyme can be detennined by subtracting the 

inorganic phosphate yield from the hydrolysis of ATP in the absence of ouabain from the 

inorganic phosphate yield from the hydrolysis of ATP in the presence of ouabain. 

Several investigators, including Bray et al. (1978) , have measured Na+ ,K+-ATPase 

activity in whole tissue homogenates. Since the enzyme is a complex of integral plasma 

membrane proteins, it makes more sense to measure the enzyme activity in isolated 

plasma membranes. Also, since data are reported as µmoles inorganic phosphorous (Pi) 

released/hr/mg protein, using membranes decreases the measurement of protein that is 

not part of the enzyme complex. The best aspect of this method is that it measures 

actual enzyme activity as quantitated by Pi release, not merely the presence of Na+ ,K+ -

ATPase pump units. 

Another method of measuring the enzyme is the [ 3HJ-ouabain binding site method. 

In this method the number of working enzyme units is determined by incubating tissue 

samples with [ 3H]-ouabain in the presence of vanadate and then counting the radioactivity 

of the samples (Clausen et al. 1987). Vanadate facilitates ouabain binding to Na+ ,K+ -

A TPase by interacting with the phosphate site on the enzyme, allowing binding of cardiac 

glycosides to the enzyme in the absence of ATP (Hansen 1979) · 

. bo h f th methods described above were developed and used to In this study t o e 

. ed N + K+ -ATPase in rats . measure basal and T3-stunulat a , 
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CHAPTER 2 

MATERIALS AND METHODS 

Development of the Na+ ,K+ -ATPase Activity Method 

This techni que was adapted from a method developed by &mann (1988). It is based 

on the ouabain-sensitive hydrolysis of ATP in the presence of Na+, K +, and Mg2 + 

Kidneys were used because plasma membranes could be isolated using available 

equipment and kidneys have a high concentration of Na+ ,K+ -ATPase (Jorgensen 1974). 

Preparation of Plasma Membranes. The rats were killed by decapitation and the 

kidneys immediately removed and placed in an ice-cold solution containing 0.24 M 

sucrose-30 mM histidine (sucrose-IDS). The kidneys were minced and homogenized in 

10 volumes of sucrose-IDS using a Polytron (Virtis Research Equipment, Gardiner, New 

York). 

The homogenates were centrifuged in an International Equipment Company B-20 

refrigerated centrifuge (IEC , Needham Heights , Massachusetts) for 15 minutes at 6000 

x g. The fat layer was removed and the supematants were transferred to clean tubes and 

centrifuged for another 15 minutes at 6000 x g. The 6000 x g supematants were 

transferred to ultracentrifuge tubes and placed on ice. The supematants were centrifuged 

in a refrigerated Beckman I...5-65 ultracentrifuge (Beckman Instruments Inc. , Fullerton, 

California) for 30 minutes at 60,000 x g. The pellets were resuspended in the original 

volume of sucrose-IDS and centrifuged an additional 30 minutes at 60,000 x g. The final 

ll ded 
· ne half the oriainal volume of sucrose-IDS and kept on ice. 

pe ets were resuspen m o - 0 ~ · 
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Protein Assay. An estimate f th 0 e protein concentration of each of the membrane 

suspensions was made using the Sigma Protein Kit P5656 cs· Ch ·ca1 c s 1gma em1 o. , t. 

Louis, Mfasouri) . If samples had a protein concentration greater than 4 mg/ml of 

suspension , they were diluted to 4 mg/ml with sucrose-HIS. 

Preincubation with Deoxycholic Acid (DOC) . One ml of each suspension was 

incubated at room temperature for 30 minutes with 1.5 mg of DOC to pre ent the 

membranes from fonning vesicles . Vesicle fonnation decrea e th a+ K+-ATPa e 

activity that can be detected because only one ide of the membrane i a sible 

(Jorgensen 1974) . The optimal amount of DOC as d t rmined b prein ubation of 

representative one ml samples of membran u pen ion ith 0.5, 1.0, 1.5 2.0 or 2.5 

DOC concentration of 1.5 mg/ml of i olated m mbran uspen ion used in lat r 

experiment . 

Incubation. The incubation buff r a prepared a d ribed b mann (19 ). 

The final concentration in th in ubation re aCl - 130 mM KC! - 20 mM MgCl2 -

4 mM , NaN
3 

_ 5 mM, ATP - 3 mM, hi tidi_n - 30 mM, EGT - 0.2 mM. To 00 µI 

of incubation buff er wa added 1 µl of ither ouabain (final con ntration 1 mM) or 

water. 

b th f at o minute preincubation. After 
The tube were placed in a 370 c water a or 

. ed brane uspen ion wa added and the solution mixed . 
two minutes, 100 µl of dilut mem 

. .th 250 1 of 20 % ice-cold trichloroacetic acid 
The blanks were immediately mixed wi µ 

. The other rubes were returned to the bath 
(TCA) and placed on ice to stop the reacuon . 
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for a five minute incubation. At th 

e end of the five minutes, 250 µI of ice cold 20% 

TCA was added to each tube and the tubes w · ed . 
' ere mix and placed on ice. All the tubes 

were centrifuged for 20 minutes at 3000 rpm at 4 °c · s all GLC · rn a erv -1 centrifuge (Ivan 

Sorvall Inc., Norwalk, Connecticut). 

Assay of Inorganic PhoSJ)horus . Inorganic phosphorus (Pi) in the supematants from 

the incubations was measured using the Sigma Inorganic Phosphorus Kit 670 (Sigma 

Chemical Co. , St. Louis , Missouri) . 

Calculations. The amount of inorganic phosphorus generated by the a+ ,K + -

ATPase enzyme during the incubation was calculated as follows. The Pi concentration 

of the blanks were subtracted from tho e of the incubation tube to correct for the ATP 

that nonspecifically degraded in solution. The Pi concentration of th tube containing 

ouabain were then subtracted from tho e of the tube without ouabain . A ouabain i a 

specific inhibitor of the sodium , pota ium pump, the ulting alu represented Pi 

generated by the sodium, potassium pump. Th µmo! Pi a multiplied by 12 (to 

calculate the pi released per hour) and di ided by th protein on ntration to yield 

µmol Pi/hr/mg protein . 

Test of the Method. Two experim nts ith Sprague-Da ley rats were completed to 

test the method . First , male Sprague-Dawley rat (Chari Ri rs Breeding Laboratory , 

· · · tely 220 g were injected ubcutaneously 
Wilmington , Massachusetts) weighing approxuna 

00 f bod weight) or eh.icle (5 mM a OH) . One 
with either thyroxine (T ~ ( 15 µg l 1 g o Y 

cri.fice the other 4 h and 24 h before 
group was injected with T 4 24 h before sa • 

. . . th Student- ewman-Keuls test detennined there were 
sacrifice. Stat1st1cal analysis by e 
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no significant differences (p > O 05) in 00· . 

· s mm, potassium pump activity among the 

control and T4-treated groups (Table 1). 

In the second experiment, male Sprague-Dawley rats weighing approximately 350 g 

were injected intraperitoneally with either triiodothyronine (T
3
) (100 µ.g/ 100 g of body 

weight) or vehicle (0 · 9 % saline)• One group was injected with T 
3 

24 h before sacrifice, 

the other 48 hand 24 h before sacrifice. No increase in the Na+ ,K+ -ATPase activity 

in kidney tissue from the T3-treated rats was found (Table 2). The Pi release method 

was abandoned for the planned studies of Zucker rats because it did not to show the 

expected increase in Na+ ,K+ -ATPase activity in response to thyroid hormones. This 

increase in response to thyroid hormone treatment in rats has been reported by others 

including Ismail-Beigi and Edelman (1971), Lin and Akera (1978), Lin et al. (1979), 

McDonough et al. (1988), using a variety of methods. 

There are several possible reasons why the Pi release method was not successful in 

this study. First, the membrane isolation procedure was such an involved process, it is 

possible that the individual membrane preparations were not comparable. It was 

expected that this problem would be even more severe when membrane isolates from 

obese and lean Zucker rats were studied. 

Second there were technical problems with the protein assay. The protein assay 
' 

tubes before the assay time was up and could not be 
solutions became cloudy in the test 

w·thout an accurate protein determination, 
read accurately in the spectrophotometer. 1 

individual p. values could not be compared. 
1 

ired 16 hours per experiment and 
Lastly, the lengthy and complex method requ 
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N + K+ ATP A .. · · Table 1. a , - ase ct1v1ty m Kidney Tissue of T4-treated Sprague-Dawley 
Rats (n=3). 

Group 

Control 

T4-Treated 

24 ha 

Enzyme activity 
(µmol P/ h/mg protein)b 

18.7 ± 1.2 

19.6 ± 1.3c 

21.8 ± 2.oc 

a 1 S µ.g / 100 g body weight 24 h before sacrifice or 48 and 

24 h before sacrifice 

b ± S.E.M. 

c Not significantly different from control , p > 0.05 
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N + K+ ATP A . . . · Table 2. a , - ase ct1V1ty m Kidney Tissue of T3- treated Sprague-Dawley 
Rats (n==3). 

Group 

Control 

T3-Treated 

24 ha 

Enzyme activity 
(µmol Pih/mg protein)b 

14.0 ± 1.5 

16.4 ± 1.6c 

14.4 ± 1,5c 

a 100 µg /100 g body weight 24 h before sacrifice or 48 and 

24 h before sacrifice 

b ± S.E.M. 

c Not significantly different from control, p > 0.05 
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involved a trip out-of-state to use an ultra-centrifuge. 

The long hours of concentrated 

effort increased the chances for human err or. 

Development of [ 3iIJ-Ouabain Binding Methcxl 

This technique was adapted from Norgaard et al. (1983 and 1984) and Kjeldsen et 

al. (1986). Its basis is the specific binding of [3H]- b · N + + . oua am to a ,K -ATPase m the 

presence of vanadate. Skeletal muscle was used because the method was designed for 

use with skeletal muscle. Skeletal muscle accounts for up to 6 % of the basal metabolic 

rate (Clausen and Hansen 1982) . 

Tissue Collection. The rats were sacrificed by decapitation. The soleus and extensor 

digitorum longus ( edl) muscles were removed from both hindlimbs and pieces of muscle 

with wet weights of 5-10 mg were used in the assay. 

r3m-Ouabain Binding. [3H]-ouabain was purchased from DuPont New England 

Nuclear Research Products (Boston, Massachusetts). It had a specific activity of 29.0 

Ci/mmol and a concentration of 1.0 mCi/ml. All washes and incubations were carried 

out in 2 ml buffer per sample per incubation. The buffer contained 1 mM vanadate, 3 

mM Mgso
4

, IO mM Tris HCl , and 250 mM sucrose, pH 7.3 (Norgaard et al . 1984). 

The muscle samples were placed in nylon mesh bags (Nitex, 363 µm mesh size) 

approximately 1 cm x 1.5 cm. The samples were washed in a Tris-vanadate buffer for 

2 X 1 o min at 4 oc to reduce the concentration of Na+ and K + to levels that would not 

interfere with the binding of [3H]-ouabain (Norgaard et al . l984). 

. b ted for 2 X 60 min at 37°C in vanadate buffer 
The samples were then mcu a 

. . 3 . d nl beled ouabain added to a final total ouabain 
containing 1 µCi/ml [ H]-ouabam an u a 
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. f -6 concentrat10n o 1 X 1 O M (Kjeldsen et al. 1986). 

Nonspecific binding (NSB) samples 

were incubated in the same solution but with nlabeled . 
u ouabam added to a final total 

ouabain concentration of 1 X 1 o-3 M F 11 • . 
· o owmg the mcubation, the samples were 

washed in unlabeled vanadate buffer 4 x 30 min at 4°c Th • . e samples were placed m 

scintillation vials containing O · 5 ml of O. 3 M trichloroacetic acid and soaked overnight 

(Kjeldsen 1986). Scintillation mixture (Budget Solve, Research Products International, 

Mount Prospect, Illinois) was added to the vials in 15 ml aliquots and the 3H activity was 

measured in a Packard Tri-Carb Model 1600CA Liquid Scintillation Analyzer (Packard 

Instrument Co. , Downers Grove, Illinois). 

Calculations. The counting efficiency of the machine was determined by counting 

5 µl stock [3H]-ouabain. The calculated efficiency (50.4%) was then used to correct the 

cpm (counts per minute) of the samples to dpm (disintergrations per minute). Two 10-

minute counts for each sample were used to obtain an average from which the 

background was subtracted. The dpm value was divided by the muscle wet weighting 

to ascertain dpm/g. The dpm/g of the NSB samples were subtracted, and the dpm/g was 

converted to pmole/g. The fmal figure , expressed as pmol ouabain bound/g wet weight, 

was determined by correcting the pmole/g tissue value for the percent [
3
H]-ouabain in 

solution. 

Test of the Method. As a test of the method, female Sprague-Dawley rats (Charles 

Ri B eed
. Labo t Wilmington Massachusetts) weighing approximately 275 g ver r mg ra ory , , 

. ed because the Zucker rats also would be female. 
were used. Female rats were acqurr 

. . . . . -~ n . th either T3 (25 µgl 100 g body wt) or vehicle 
The rats were mJected mtrapentont:,dlly wi 
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(0.9% saline) at 12 h intervals for 36 h (fou · · • 

r Injections). Twelve hours after the last 

injection the rats were killed by decapitation and th [3H] . . . 
e -ouabam bmdmg to soleus and 

edl muscles was measured. 

nonspecific binding. 

The val · thi ues m s experiment were not corrected for 

A significant increase in [ ¼-ouabain binding to the soleus muscle in the T 
3
-treated 

rats was found (Table 3) . There was no apparent increase in binding to edl muscle in 

T 3-treated rats . 

Zucker Rat Experiment 

The basal and T3-stimulated [3H]-ouabain binding to skeletal mu le in lean and 

obese Zucker rats was studied. Female lean (approximately 200 g) and obese 

(approximately 350 g) Zucker rats 11 w ks of ag obtained from Dr. Roy Martin 

(University of Georgia , Athens , Georgia) re inj ted intraperitoneall ith ith r T 3 

(25 µg /100 g body wt) or vehicle (0 .9% aCl) at 12 hint rva1 for 36 h (4 inj Lion ). 

The binding of [3H]-ouabain to ol u and edl mu I ured and rrected for 

non pecific binding . Sera from the rat re nt to Dr. Le i Bra erman, ni rsity 

of Ma sachu etts Medical Center Wo ter MA, for T 3 and T 4 a 

Stati tical Anal i . Analy i of arian a u to det rmine tati ticaJ 

ignificance (CSS Statistica , Stat oft , Tulsa , Oklahoma). 
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Table 3. [3H]-ouabain Binding to Soleus and Exten or Digitorum Longus (edl) Mu 1 
in r

3
-treated Sprague-Dawley }¼ts (n=S). 

pmo g 

Group 
oleu edl 

Control 121 ± 19 1 4 

T 3-treateda 1 C 11 

a 25 µg /100 body i ht at 12 h int al f r h, ith th l in" . n l h 

crific 

b .M . 

ignificantl diff nt f m nt 1, < 0.0 

d t i nif1 ntl diff nl f m nt l. p > 0. 
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CHAP'rE.R 3 

RESULTS 

Analysis of the sera showed no differences in T 3 and T 4 concentrations between the 

obese and lean control groups, but it did show that the method of injection had been 

successful (Table 4). Serum T3 concentrations were elevated in the T3-injected rats. 

Serum T 4 concentrations decreased in the same animals, probably because of negative 

feedback. There were no significant differences (p > 0. 05) in either basal or T 3-

stimulated [3H]-ouabain binding (pmol/g tissue) to soleus or edl muscles between the lean 

and obese rats. Both the obese and the lean rats showed significant increases over basal 

for binding to soleus (p=0.0007) , but not to edl (p > 0.05) , when the rats were treated 

with T 3 (Table 5). 



Table 4. Body Weight and Serum T and T 
17 

Zucker Ratsb (n=4) . 3 4 Concentrations of Control and T
3
-treated 

Group 

Control Lean 

Control Obese 

r3-treated 
Lean 

r3-treated 
Obese 

Weight 

195 + 5 

347 ± 13 

197 ± 7 

349 ± 10 

T3 (ng /dll 

171 ± 13 5.07 ± 0.59 

142 ± 31c 4.15 ± 0.23c 

> 1000 1.34 ± 0.04d 

> 1000 2.65 ± 0.25d 

a 25 µg/100 g body weight at 12 h intervals for 48 h, with the last injection 12 h before 
sacrifice 

b ± S.E.M. 

c Not significantly different from control, p > 0.05 

d T3-treated lean and obese are both different from control lean and obese, P < 0.05; 
T3-treated obese and lean are significantly different, p < 0.05 
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Table . -oua am Bmdmg to Soleus and Ext . . 
in r3-treated Zucker Rats. ensor Digitorum Longus (edl) Muscle 

Group 
pmol/ g wet wtb 

soleus edl 

Control Lean 144 ± 14 152 ± 22 

Control Obese 128 ± 16 176 ± 36 

203 ± 3c 132 ± 12d 

197 ± 23c 200 ± 14d 

a 25 µg/100 g body weight at 12 h intervals for 48 h, with the last injection 12 h before 
sacrifice 

b ± S.E.M. 

c Significant difference from control, p < 0.05 

d Not significantly different from control, p > 0.05 
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CHAP'fER4 

DISCUSSION 

The thyroid aids regulation of metabolic rate· th ~ . . . 
' ereiore, unparred thyroid function 

can affect metabolism. Since T3 increases Na+ K+ -ATP • • . 
' ase activity, a maJor metabolic 

detenninant, the question of the role of T3 in the regulation of th 00· • es mm, potassmm 

·pump in genetically obese animals arose. This study was to detennine whether the 

sodium, potassium pump in the obese Zucker rat has the same basal level as in the lean 

rat and whether the amount of enzyme detected changes in response to T
3 

in the same 

manner in the obese rat as in the lean Zucker rat. 

There were no differences in T 3 and T 4 serum concentrations between control lean 

and control obese Zucker rats (Table 4). Findings of no significant difference in 

circulating levels of T 3 in female lean and obese controls are in accord with reports in 

the literature. Young et al. (1980) and Autissier (1980) reported no significant 

differences in circulating T 3 in the serum of obese female Zucker rats but did report 

lower serum concentrations of T4 in the obese female rats. Young et al. (1980) found 

a decrease in circulating levels of both T3 and T4 in male obese Zucker rats; Autissier 

(1980) used only female rats, as did this study. The lack of a difference in T4 

concentrations between control lean and obese rats in this study is probably due to two 

all (n-4) to detect a statistically 
factors. First, the study groups may have been too sm -

. . . . d were females and the difference 
significant difference. Second, ·the rats used m this stu Y 

is more pronounced in males (Young et al. 1980). 
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T 3 injections caused an increase in serum T . . 

3 concentrations m both lean and obese 

Zucker rats to levels that were beyond the range of th 
e assay (10-1000 ng/dl). Serum 

r 4 concentrations decreased in both treated groups due to • , 
negative 1eedback. The major 

bonnone secreted by the thyroid gland is T4 When levels of T (th • , · 3 e active 1orm of the 

honnone) are low, T4 is converted to T3 by the enzyme 51 de'odin · 
- 1 ase m a process 

known as deiodination. When thyroid hormone levels are low , thyrotropin releasing 

honnone (TRH) is secreted by the hypothalamus, stimulating the secretion of thyroid 

stimulating honnone (TSH) by the adenohypophysis . TSH stimulates the thyroid to 

secrete thyroid honnones (mainly T~. High thyroid hormone concentrations in the blood 

block the secretion of TRH (Eckert 1978). The results in the present study show that the 

injection method was successful and that the obese Zucker rats have functioning negative 

feedback loops for thyroid hormones. The serum T4 concentrations in the T3-treated 

obese rats were, however, higher than those of the T 3-treated lean rat (fable 5 

p<0.05). This may be indicative of a sluggish feedback loop. 

There were no significant differences in basal or T3-stimulated [3m-0uabain binding 

(pmoVg tissue) to soleus or edl muscles between the lean and obese rats. Both groups 

b. din l but not for edl when treated with T 3. showed increases over basal for m g to so eus , , 

Similar results , using liver homogenates , were repo 
rted by Bray et al . (1978). 

. two different tissues . Campion et 
Incongruencies may arise , however, when companng 

d b 1 1 f energy intake in studies 
al . (1987) reported that results vary by muscle an Y eve 0 

Zucker rats It is hazardous to draw 
of skeletal muscle metabolism in lean and obese · 

les but these two muscles were carefully 
broad conclusion using data from only two muse , 
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selected in the present study to represent two • 

. maJor types of skeletal muscle. The soleus 

is a slow twitch muscle with a high aerobic ca • . 
pac1ty while the ed1 is a fast contracting 

muscle with a high anaerobic capacity. 

Comparison with ob/ob Mouse 

Another obese rodent that has been studied extens· 1 . h b ive Y 1s t e o lob mouse. There 

are many similarities between the Zucker "fatty" rat and the b' b o ,o mouse, but several 

dissimilarities as well. Similar to the obese Zucker rat, the ob/ob mouse is 

hyperinsulinemic, has increased adipocyte size, and shows reduced oxygen consumption 

(York et al. 1977). The ob/ob mouse, however, has normal levels of circulating thyroid 

hormones suggesting nonnal thyroid function (Guernsey and Morishige 1979). The 

reports on sodium, potassium pump activity in ob/ob mice conflict. Clausen and Hansen 

(1982) reported no differences in enzyme activity in ob/ob mice while Lin et al. (1981) 

and Guernsey and Morishige (1979) did find a difference. Both the study by Clausen and 

Hansen (1982) and that by Lin et al. (1981) used skeletal muscle and measured [
3
H]

ouabain binding as was done in this study. Guernsey and Morishige ( 1979) used skeletal 

muscle and liver and measured tissue respiration. Ob/ob mice do show an increase in 

[3H]-ouabain binding in skeletal muscle in response to T3 treatment (Lin et al. 1979). 

Guernsey and Morishige (1979) and Lin et al . (1981) have sugge.9ed that decreased 

Na+ ,K+ -ATPase activity in the ob/ob mouse in the presence of normal levels of T3 

could be due to reduced nuclear binding of T 3. The obesity of the ob/ob mouse was once 

f odi m potassium pump units (Bray 
thought to be due to a decrease in the number O s u · ' 

. ed · creased energy efficiency 
et al. 1978, York et al. 1978) but it is now attnbut to an m 



22 
and decreased thennogenesis caused by low activity of th b di . 

e rown a pose tissue (Clausen 

and Hansen 1982, Hughes and York 1983). The thenno · . . 
geruc response 1s so low m 

ob/ob mice that they are unable to regulate body temperature u d Id (Y 
n er co stress ork et 

al. 1977). This is not the case with the obese Zucker rat. The Zucker "fatty" rat reacts 

much the same as its lean littennate in response to thermogenic stimuli except when the 

stimulus is food. The specific dynamic action of food is reduced in the obese Zucker rat 

compared to the lean (Rothwell et al. 1981). The obese rat also does not increa 

thermogenesis in response to a low protein-high carbohydrate djet as d its lean 

littermate (Young et al . 1980). In most cases, such as cold stress the obese Zuck r rat 

responds as does the lean Zucker rat and is able to increa th rmogen i (Annita 

al. I 984). 

Comparison of the Methods 

Both the Na+ ,K + -A TPase acti ity m thod and the [3H]-ouabain binding m thod 

have been used in research with the Zucker "fatty" rat and th ob/ob m u · Th 

+ + . • th nt of inorganic pho horu rel Na ,K -A TPase act1v1ty method measures arnou 

b det t onl 10% of th enzym ' in the hydrolysis of ATP by the enzyme, ut may 

3 b · n binding ite m thod mea u the activity (Kjeldsen et al. 1988) . The [ H]-oua ai 

·call d tect . ed · h [3H]-ouabain and can theoretJ Y radioactivity of tissue samples mcubat wit 

. 1988) The ouabain binding ites 100 % of the total enzyme activity (KJeldsen et al. · 

kin enzyme units (Clausen et al. 
found by this method have been shown to be wor g 

. . all the [3H]-ouabain binding site method 
1987) . When the increase m the enzyme is sm ' 

detects the difference more easily . 
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In 1991, Clausen et al. reported that the oxygen co · 
nsumption and heat production 

whlch could be attributed to Na+ ,K + -ATPase activity accounted for only 
2
_
6

% of the 

energy used by rat and mouse tissue. This is much smaller than the difference of 40% 

reported by Ismail-Beigi and Edelman (1970). If the amount of energy used b th pump 

is found to be as small as suggested by Clausen et al. , the po ibl 

of the ob/ob mouse and the Zucker "fatty" rat would be ry mall (Hu h and ork 

l 983), although even a small amount of energy could add up o r th lif f th m u 

or rat and contribute significantly to the en rgy balan of th animal . If th ri mal 

detennination is correct , the sodium, pota 1um pump uld 

in the development of the obe ity in th animal (Lin 

Guem ey and Mori hige l 979). Furth r 

animals i needed to clarify th rol , if any 

in genetically obe e animal . Throughout th 

area of animal obe ity , on fact i id nt : 

h u in 

it of th 

· 1 l · f · 1 Th re ma be a ctei t in th cenain y mu t1 a tona . 

include a dy functional hypothalamu (Argil 19 ). 1 

many po ible additional fa tors , in ludin 1 neuropeptid 

adip in level , a well a high lipoprot in Lipa 1 . Di 

amjrf tr 

al . 1 7 

in th 

aim 

m that 

al. (l 1) di u 

rin th d C t in h 

proce ' al' besit that contribute to the an1m o 
h re mu h ork need to be an area 

done . 
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