
while shaking for 10 minutes.� 

The experiment was initiated when the stopcock between� 

the reaction and balance sides of the manometer wa,s closed.� 

Readings of the manometric fluid displacement due to tissue� 

oxygen uptake were taken at IG-minute intervals for a� 

period of 1.5 to 2.0 hours. Each manometer was calibrated� 

with a Gilmont calibrator at the end of'the experiment.� 

Each treatment group contained 3 animals and each liver� 

homogenate was assayed in triplicate.� 

Serum Hormone Level Assay� 

Serum and concentrations were determined using� 

Amerlex radioimmunoassay kits (Amersham Corporation)� 

according to their standard protocol.� 

Analysis of Data� 

Results of each experiment were evaluated by Student's� 

t-test-.� 

U� 



 

RESULTS
 

Effect of Temperature on ̂ Vitro Oxygen Consumption
 

The mean respiration rates at standard conditions of
 

temperature and pressure of pooled diabetic or normal mouse
 

liver homogenates incubated at 37 degrees Gelcius were
 

36.4.5±2.66 and 36.09+1.87 jnl O2 •min""'' respectively.
 

Samples taken from the same diabetic and normal liver
 

homogenate pools and incubated at 35 degrees Celcius showed
 

standard respiration rates of 4-0.03±2.37 and 38.4.4+8.02 jul
 

02*g~''"min"! respectively. T-test analysis of respiration
 

rates showed no significant differences between any of the
 

groups (P>0.05).
 

Influence of lOP+T^ or T^ on In Vivo Oxygen Consumption
 

The results of this study are summarized in Table 1.
 

In normal mice, the mean respiration rates between animals
 

receiving saline vehicle, lOP, and lOP+T^ were similar
 

(P>0.05). However, the mean oxygen consumption of normal
 

mice that received lOP+T^ was higher than each of these
 

groups (P<0.01). In contrast, the mean respiration rates
 

between diabetic mice receiving saline vehicle, lOP, and
 

lOP+T^ were similar (P>0.05), whereas the mean oxygen
 

consumption of diabetic mice that received lOP+T, was
 

higher than each of these groups (P<0.05). In all
 

treatments, the mean respiration rates of the diabetic mice
 

were lower than any treatment of the normal mice.
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Table 1. A eomparison of the ̂ vivo oxygen consumption rates (mm^ O2* g"''"min"'')

of norfflal(+) and diabetic(db) mice injected intraperitoneally with
 
saline vehicle, iopanoic acid (lOP), IOP+T3 or lOP+T^.
 

T-tests Between Groups (d.f
 

Normal(+); +/veh +/IOP +/IOP+T3 +/I0P+T^ db/veh db/lOP db/lOP+T3 db/lOP+T^
 
Vehicle A853.5± 

90.0 
ns 3HH 

ns -X--)\-X­

lOP 5311.3± 
^1.9 

ns ns 

lOP+Tc 6778.9± 
232.4 

lOP+T 4827.8± 

514.4: 

ns ns 

Diabetic(db); 

Vehicle 3423.2± 

143.1 
ns ns 

lOP 423.2± 
?86.8 

ns ns -x-x­

lOP+To 3325.3± 

69.2 
ns ns 

lOP+Ty 
^ 

4174.9± 
136.5 

Values are mean ± 

(r]=3) 

S.D. ^^ = p<o.i 

p < 0.05 

2.13 

2.78 

= p < 0.01 4.60 

ns = non-significant 



Influence of IOP+T3 or on In Vitro Oxygen Consumption
 

Table 2 summarizes the mean vitro.respiration rates
 

for liver homogenates: of normal and diabetic mice receivihg
 

various treatments. In normal mice, the in vitro oxygen
 

consumption rates were siinilar between saline vehicle and
 

lOP+T^ injected animals (P>0.05)• The mean respiratibn rate
 

of normal animals injected with lOP alone was lower than
 

animals injected either with saline vehicle or lOP+T^
 

(P<0.05), whereas the mean oxygen consumption rate for mice
 

injected with lOP+T^ was higher than the other three groups
 

(P<0.05). Diabetic mice injected with saline vehicle had
 

mean respiration rates that were lower than those animals
 

injected with lOP and lOP+T^ (P<0.1). Diabetic mice
 

injected with lOP+T^ had a higher mean oxygen consumption
 

rate than those injected with saline vehicle (P<.05).
 

Diabetic mice injected with lOP and lOP+T^ had higher mean
 

respiration rates than normal animals injected with saline
 

vehicle, lOP or lOP+T^.
 

Assay of Serum Thyroid Hormones
 

The results of RIA analysis of serum thyroid hormone
 

levels in diabetic and normal animals receiving various
 

treatments is summarized in Table 3. There was no
 

difference between the serum T^ and T^ concentrations of
 

diabetic and normal mice injected with saline vehicle or
 

lOP alone (P>0.05). However, diabetic mice which received
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Table 2. 	A comparison of the 3m vitro oxygen consumption rates (jul Oo *g"'''min-i)
 
of normal(+) and diabetic(db) mice injected intraperitoneally with
 
saline vehicle, iopanoic acid (lOP), lOP+T^ or lOP+T^,
 

, T-tests Between Groups (d.f.=4-)
 

Normal(+); +/veh +/IOP v+/lOP+T^ +/I0P+T^ db/veh db/lOP db/lOP+T^ db/IOP+T^
 
Vehicle 33.93- - ns ns - ns 

. 4.93: : ■ 

TOP 25.571 

9..23 ■ . 

lOP+To 35.39± ns ns * ns 

3.95 .
 

lOP+Tv 41.921 - ns ns ns ns
 

8.87
 

Diabetic(db);
 

Vehicle 36.111 ns / ns ns - ns.
 

1.80
 

IOP 42.471 	 ns - ns ns
 
10.50
 

IOP+T3 48*271 ns ns ns ns ns - ns
 
. : , 29.30- ■; . 

lOP+T; 49.141 ns ns ns ­
14.85 

Values are mean 1 S.D. = P 0.1 1.75 
(n=3) = p 10.05 2.12 

= p < 0.01 2.92 
ns f= non-significant 



Table 3. RIA analysis of serum concentrations of or T^
 
in normal(+) and diabetic(db) mice injected
 
intraperitoneally with saline vehicle, iopanoic
 
acid (TOP), IGP+T3 or lOP+T^.
 

Serum Levels of Thyroid Hormone:
 

Normal(+);)
 

Vehicle
 

TOP
 

IOP+T3
 

TOP+T^ :
 

Diabetic(db);
 

Vehicle
 

TOP
 

TOP+T

3
 

I0P4-T,
 

(ng%)
 

53.00+3.60
 

A3.30±17.95
 

1778.70+173.70
 

65A.00+200.23
 

50.30+3.78
 

60.00+16.52
 

2129.67+35A.86
 

520.33±22.50
 

Values are mean + S.D.
 

Cn^3)
 

3.67±1.77
 

A.06±2,85
 

3.A2+0.63
 

70.59±32.91
 

1.92+0.63
 

3.87+0.82
 

3.5A±0.86
 

37.67+0.88
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lOP showed an inerease in serum concentrations of
 

(P<0.05). The highest serum concentrations of were
 

found in the normal and diabetic mice receiving lOP+T^
 

(P<0.01). The highest concentrations of serum T^ were
 

found in the normal and diabetic mice which received lOP+T^
 

(PCO.OI). There was also an increase from normal in the
 

serum concentrations of T^ in diabetic and nondiabetic mice
 

administered IGP+T,. 
■ ■ ■ ■ • -4 
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DISCUSSION
 

Data from an earlier experiment by this author,
 

(unpublished study, 1984-) had demonstrated an in vitro
 

oxygen consumption rate for the liver tissue hpmogenate of
 

saline vehicle injected diabetic and normal mice of 55-6±
 

4.37 and 22.812.77 jal Q2*g"^''*min~'' respectively at standard
 

conditions. Both the diabetic and normal animals in this
 

study were less than 12 weeks old. These data indicated
 

that liver tissue in diabetic mice had a higher oxygen
 

consumption rate than that of normal mice. This result Tiiras
 

surprising as it had been expected that the metabolic rate
 

of diabetic mice would be lower than normal, which could
 

help to explain the obesity of the animals. However, since
 

this study had been performed at 37 degrees Gelcius, which
 

is the normal body temperature for non-diabetic mice but
 

elevated for diabetic mice, it was thought that the high
 

oxygen consumption rate observed in diabetic mouse tissue
 

homogenate might be an artifact of an abnormal incubation
 

temperature. The present study demonstrates that there is
 

no difference in the oxygen consumption rates of diabetic
 

and normal mouse liver homogenates incubated at either 35
 

or 37 degrees Gelcius. Therefore, incubation temperature
 

was likely not responsible for the higher than normal
 

oxygen uptake rates that were observed in 10 week old
 

diabetic mice.
 

Although the previous study had demonstrated a higher
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(P<0.01) oxygen consumption rate in diabetic mouse liver
 

tissue, this was not replicated in the study using 20+ week
 

old animals. Since measurements of oxygen consumption at
 

37 degrees Gelcius were performed similarily in both
 

experiments, other variables were considered to explain
 

this discrepency.
 

One explanation may lie in the ages of the diabetic
 

animals that were used in the respective experiments. In
 

the previous study, the diabetic mice were less than twelve
 

weeks old. This would place them in the early stage of the
 

disease (Coleman and Hummel, 1967; ¥yse and Dulin, 1970) in
 

which the processes of lipogenesis, gluconeogenesis and
 

glucose oxidation are abnormally high. In contrast, the
 

animals used in the present study were much older (20+
 

weeks.old). It has been reported (Coleman and Hummel,
 

1967; Wyse and Dulin, 1970) that the metabolic condition of
 

the diabetic mouse deteriorates with increasing age. These
 

workers both demonstrated decreased glucose utilization and
 

glucose oxidation in older diabetic mice. Since the
 

present study was conducted using older animals, it is
 

likely that the discrepancy observed in the oxygen
 

consumption rates of the two experiments could be due to
 

the effects of age upon the metabolic processes of diabetic
 

mice. : . V
 

; Different responses were also seen in the in vivo and
 

in vitro oxygen consumption rates of diabetic and normal
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mice treated with thyroid hormones and iopanoic acid. As
 

was mentioned above, it is thought that is the hormone
 

primarily responsible for initiating metabolic responses
 

such as increased oxygen consumption. It is also
 

established that lOP blocks the conversion of to T^.
 

Therefore, it was expected that the oxygen consumption rate
 

of animals receiving injections of TOP might be reduced due
 

to lower levels of T3. It was also expected that
 

administration of IOP+T3 would raise the metabolic rate
 

since TOP is not thought to have any effect on the action
 

of T3. Injections of lOP+T^ would, however, reduce the
 

oxygen consumption rate since the conversion of the
 

injected as well as the endogenous would be blocked,
 

thus preventing the formation of metabolically active T3.
 

In the ̂ vivo oxygen consumption study, normal mice
 

exhibited an increased respiration rate when given IOP+T3
 

(P<0.01). There was no increase in the vivo respiration
 

rate of normal mice administered lOP+T^ (P>0.05).
 

Conversely, the vivo oxygen consumption rate of diabetic
 

mice given lOP+T^ was not increased while that of diabetic
 

mice given lOP+T^ was higher than all other diabetic animal
 

groups (P<0.05).
 

The 3^ vivo results were, however, not consistent with
 

the 3^ vitro liver homogenate oxygen consumption rates of
 

diabetic and normal mice. In normal mice, IOP+T3 did not
 

raise the oxygen uptake rate above normal (P>0.05), but
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administration of lOP+T^ raised the respiration rate above
 

all other normal groups. When iOP+T^ -hras given to diabetic
 

mice, the oxygen cohsumption rate was also raised above
 

normal (P<0.05). However, the oxygen consumption rate of
 

d|iabetic mice given :lOP+T^ was not higher than the diabetic
 

animal groups given lOP and IOP+T3.
 

There are two major diserepehcies between results of
 

the measurement of the in vivo and in vitro oxygen
 

cbnsumption rates in diabetic and normal mice. The first
 

is that the in vivo oxygen uptake of normal mice is
 

increased by administration of lOP+T^, but in vitro an
 

increase is noted only when lOP+T^ is given. The diabetic
 

mouse, on the other hand, exhibits inceased oxygen
 

consumption only with lOP+T/^ both in vivo and in vitro.
 

Secondly, the in vivo oxygen consumption rate of all groups
 

of normal mice are significantly higher than those of
 

corresponding diabetic mice. However, the in vitro oxygen
 

consumption rates of diabetic mice given various treatments
 

are higher than several of the normal counterparts. In no
 

case is the ̂ vitro oxygen cbnsumption rate of diabetic
 

mice lower than that of the corresponding normal mice.
 

Two results in the RIA determination of serum thyroid
 

hormone concentrations are of particular interest. The
 

administration of lOP to diabetic mice caused ah increase
 

in the serum concentration of T^ above the levels of saline
 

vehicle injected diabetic mice (P<0.0$). This result was
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