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Hyperuricemia in Hypothyroidism: Is It Associated
with Post-Insulin Infusion Glycemic Response ?
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Darrverei, N., Anpican, G., Catakoéru, A.B.,, Hatewmi, H. and Burgak, G.
Hyperuricemia in  Hypothyroidism: Is It Associated with Post-Insulin Infusion
Glycemic Response 7 Tohoku J. Exp. Med., 2003, 199 (2), 59-68 —— This experi-
mental study was designed to examine whether hyperuricemia in hypothyroidism
is associated with insulin resistance. For induction of hypothyroidism, rabbits
(7n=12) were administered methimazole orally (75 mg/100 g food) for 30 days. Ts,
T, and TSH values measured in plasma prior to and at the end of the experimen-
tation period revealed the establishment of hypothyroidism. In the euthyroid and
hypothyroid states of rabbits, crystalline porcine insulin was administered (0.1
unit/kg body weight) intraperitoneally and plasma glucose was measured at 0, 15,
30, 45 and 60 minutes. Sum of post insulin infusion glucose values was considered
to reflect insulin resistance. Creatinine clearance (GFR) and uric acid clearance
(Cua) were determined. Additionally, triglycerides were measured in plasma and
Mg?* both in erythrocytes and in plasma. Due to hypothyroidism: i) The glycemic
response to insulin was not altered. ii) GFR and C,, were both decreased but C,/
GFR unchanged. iii) Triglycerides in plasma decreased. iv) Mg?* concentration
increased in plasma whereas decreased in erythrocytes. Several associations
were observed between the variables on correlation analysis. On the basis of our
data, it could be suggested that insulin resistance does not exist in hypothyroidism.
Hyperuricemia observed in hypothyroidism should be considered to be secondary
to decreased renal excretion but not as an indicator of insulin resistance.
hypothyroidism; hyperuricemia; post insulin infusion glycemic response; triglycer-
ides; magnesium
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Hyperuricemia and insulin resistance are
strikingly associated, as observed in obesity,
hypertriglyceridemia, impaired glucose toler-
ance and hypertension. Additionally, hyperur-
icemia and insulin resistance are both more
common in men than in premenopausal women
(Mikkelson et al. 1965; Modan et al. 1987).
Recently, hyperuricemia has been suggested as a
simple marker of insulin resistance in non-
diabetic subjects even in the absence of signs
and symptoms of gout (Vuorinen-Markkola and
Yki-Jarvinen 1994). Earlier studies have shown
that both abnormal carbohydrate tolerance
(Shah et al. 1975) and hyperuricemia (Erickson
et al. 1994; Yokogoshi and Saito 1996) exist in
patients with hypothyroidism. However, it is
unknown whether hyperuricemia predicts insu-
lin resistance in hypothyroidism. In this con-
text, the present study was designed to examine
whether hyperuricemia in hypothyroidism is
associated with the response to intravenously
administered insulin as measured by plasma
glucose levels (Shah et al. 1975). Additionally
considering the key role of intracellular Mg?* in
insulin mediated glucose uptake (Paolisso and
Ravussin 1995), whether erythrocyte Mg?* con-
centration is associated with the glycemic
response to administered insulin in hypothyr-
oidism was also determined.

To investigate these associations in a well
defined system we chose to study in a rabbit
model of hypothyroidism induced by methim-
azole. Thus obesity untreated hypertension,
elevated triglycerides and impaired glucose tol-
erance related to hyperuricemia on one hand
and hyperinsulinemia on the other are being
avoided and directly hypothyroidism induced
intraindividual changes could be shown up
(Vuorinen-Markkola and Yki-Jdrvinen 1994).

MATERIALS AND METHODS

Awnimals and experimental design

Twelve rabbits, 1 month old and 1.8-2 kg
body weight were obtained from the Laboratory
Animal Service of the University of Istanbul.

The rabbits cared for in accordance with the
Guide for the Care and Use of Laboratory
Animals (1996) were permitted ad libitum access
to food and drinking water for 10 days prior to
experimental procedure. Rabbits were treated
with methimazole for 30 days (75 mg/100g
food). Prior to methimazole treatment and at
the end of the experimentation period the fol-
lowing were done:

Twenty four hour urine collection: Prior to
urine collection, the urinary bladder was first
emptied completely through an indwelling ster-
ile catheter and then the rabbit put into the
special plexiglass cage for 24 hours. At the end
of this period the bladder was re-emptied and
this portion was added to that collected in the
cage.

Blood sampling: After an overnight fast,
between 9-11 am. heparinized blood samples
were taken from each experimental animal by
heart puncture for the analysis of biochemical
parameters.

Measurement of post-insulin infusion
glycemic response: For the determination of the
glycemic response to administered insulin, crys-
talline porcine insulin (0.1 unit/kg body weight)
was rapidly administered intraperitoneally.
Heparinized blood was obtained via the ear vein
at 15 minutes intervals for 60 minutes and
plasma glucose immediately measured. Sum
of 0,15, 30,45 and 60 minutes post-insulin infu-
sion glucose levels (glycemic response) was
considered as the measure of the response to
insulin, the higher the glycemic response the
more insulin resistant the subject (Shah et al.
1975). The tests were performed at the same
time of the day in all cases to avoid circadian
fluctuations.

Biochemical analysis

Plasma, separated promptly by low speed
centrifugation and kept at 4°C was analysed for
T, T4, TSH, uric acid, creatinine and triglycer-
ides and urine for uric acid and creatinine.
Mg?** was analysed both in the plasma and the
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erythrocytes. The erythrocytes after being
washed three times with 9 g/liter NaCl were
hemolysed by dilution with four fold water and
erythrocyte Mg?* expressed as mg/g Hb. T,
T, and TSH analyses were performed by RIA.
Uric acid, creatinine, triglyceride, Mg?*, glucose
was measured by spectrophotometrical methods
using the respective kits (Randox, Crumlin, UK)
and hemoglobin analysis.

Statistical analysis

The individual changes induced by methim-
azole were statistically evaluated by Student’s
paired t¢-test. Pearson-Bravis correlation cof-
ficient was determined to define the relation-
ships among the variables measured.

RESULTS

Prior to administration of methimazole, the
baseline plasma values of T, T, and TSH were
found to be 63.08+12.00 ng/100 ml, 2.44+40.48
1g/100 ml and 0.02+0.01 IU/ml, respectively.
At the end of the experimental period the
measured values for T,;, T, and TSH were
(47.24+10.68 ng/100 ml) (1.52+0.52 xg/100 ml)
and (0.07+£0.02 xIU/ml), respectively. A
significant decrease in both T;, and T, but a
significant increase in TSH confirmed the estab-

lishment of primary hypothyroidism in the ani-
mals (Table 1).

As shown in Table 1 due to the established
hypothyroidism, uric acid concentration was
found to be significantly (p <0.001) increased in
the plasma (Fig. 1a) whereas (p <0.05) decreased
significantly in the urine (Fig.1b). Uric acid
clearance was found to be significantly (p<0.
001) decreased due to hypothyroidism (Fig. 1c).
Glomerular filtration rate was also found to be
lower in the hypothyroid state when compared
to the euthyroid state (p <0.05). However, frac-
tional excretion of uric acid as determined by
Cua/glomerular filtration rate (Cuy/GFR) was
found that not to be altered (Fig. 1d). Sum of 0,
15, 30, 45 and 60 minutes post insulin infusion
glucose levels were found not to be altered due
to the induction of hypothyroidism (Fig. le).
Plasma triglyceride concentration was found to
be decreased (»<0.01) due to hypothyroidism
(Fig. 1f). Plasma Mg?*" concentration was
found to be increased (p<0.01) whereas eryth-
rocyte Mg?* decreased (p<0.01) due to hypoth-
yroidism (Figs. 1g and 1h).

As to our findings on correlation analysis
(Tables 2 and 3): Post insulin infusion sum glu-
cose values were found to be correlated with
TSH values in the hypothyroid state (»=0.76,

TaBLe 1. The Laboratory data in euthyroid and hypothyroid states of experimental
animals

Parameter Euthyroid Hypothyroid
T; (ng/100 ml) 63.08+12.00 47.24+10.68***
T, (ug/100 ml) 2.44+0.48 1.5240.52***
TSH (xIU/ml) 0.02+0.01 0.07£0.02%**
Uric acid (plasma)(mg/100 ml) 0.55+0.17 0.844+0.20%**
Uric acid (urine)(mg/100 ml) 10.51%2.68 7.81+1.93*
Clearence of uric acid (Cya)(ml/min.) 1.93+0.56 0.971+0.48***
Clearence of creatinine (GFR)(ml/min.) 5.77+3.20 2.90+2.31*
Cusa/GFR 0.60+0.07 0.77+0.07
Sum Glucose 409+79.4 352.3+71.9
Triglycerides (mg/100 ml) 76.75+23.20 42.24+14.86%*
Mg?* Plasma (mg/100 ml) 1.90+£04 2.5+0.5%*
Mg?* Erythroycte (mg/g Hb) 0.70£0.1 0.50£0.2%*

Data are the means=tsp. (=12).
*$<0.05. **p<0.01. ***p»<0.001.
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Fig. 1. Hypothyroidism induced intraindividual changes in the parameters.
a, Plasma uric acid; b, Urinary uric acid; ¢, Clearance of uric acid; d, Cux/GFR; e, Sum
glucose; f, Triglycerides; g, Plasma magnesium; h, Erythrocyte magnesium.
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$<0.01). Post insulin infusion sum glucose
values were found to be correlated with GFR in
the hypothyroid state (»=0.75, »<0.001). Trig-
lyceride values were found to be inversely cor-
related with T; values in the hypothyroid state
(r=—0.60, p<0.05) and correlated with TSH
values in the euthyroid state (»=0.61, »<0.05).
Plasma uric acid concentration was found to be
correlated to T, values both in the hypothyroid
and euthyroid states (»=0.72, »<0.01, »=0.58,
p<0.05), respectively. Plasma Mg?* values
were found to be correlated with erythrocyte
Mg?* values in the euthyroid state (»=0.61, p <
0.05). Plasma and erythrocyte Mg** values
were found to be inversely correlated with GFR
values in the euthyroid state (»=—0.59 »<0.05,
r=—0.70 p»<0.01), respectively. Plasma and
erythrocyte Mg?* values were both found to be
inversely correlated with T, values in the euth-
yroid state (r=—0.65 »<0.05, »=—0.75 p<0.
01), respectively. Erythrocyte Mg?* value was
found to be inversely correlated with T; value in
the hypothyroid state (»=-—0.63, p<0.05).
Erythrocyte Mg?t value was found to be cor-
related with plasma uric acid value in the euth-
yroid state (»=0.59, »<0.05).

DISCUSSION

Lowered levels of T3, T, and elevated TSH
show that hypothyroidism has been established
in rabbits, administered methimazole for 30
days. In rabbits as the normal range of plasma
uric acid concentration is 0.58-0.78 mg/100 ml
our findings clearly show the development of
hyperuricemia due to the induction of hypothyr-
oid state (Akdemir et al. 2001). Hyperuricemia
in hypothyroidism is a well-established phenom-
enon. In comparison to the prevalence report-
ed in the general population, a significant
increase of both hyperuricemia and gout has
been reported in the hypothyroid patients in
numerous clinical studies (Giordano et al. 2001).
Plasma uric acid concentration increases due to
an increase in uric acid production and/or a
decrease in uric acid excretion (Facchini et al.

1991). Since the excreted amount of uric acid
in urine has been found to decrease due to
hypothyroidism, we consider that hyperuricemia
does not result from overproduction but from
decreased clearance in the hypothyroid state.
As the fractional excretion of uric acid (Cy./
GFR) was found to be similar in hypothyroid
and euthyroid states, it appears that decreased
GFR accounts for the decreased uric acid clear-
ance observed in the hypothyroid state. Hyper-
uricemia associated with hypothyroidism has
also been shown to be due to the decreased renal
uric acid clearance in earlier studies (Y okogoshi
and Saito 1996; Giordano et al. 2001). Further,
we observed that T, is positively correlated to
plasma uric acid both in the euthyroid and
hypothyroid states (»=0.58*%, »=0.72**), respec-
tively. This suggests that the decrease in
metabolic rate and ATP turnover is greater
than the decrease in glomerular filtration with
depression in T, in both the euthyroid and
hypothyroid states.

As to post insulin infusion sum glucose
values, regarded as a measure of the response to
insulin, we observed no significant difference
between the euthyroid and hypothyroid states of
rabbits. However though non-significant the
post-insulin infusion sum glucose value was
found to be lowered to a considerable extent
due to induction of hypothyroidism. The in-
duced level of hypothyroid state might have
been observed to cause a significant decrease
with higher number of animals than used in this
study. This suggestion is consistent with the
fact that sensitivity to exogenous insulin might
be increased due to slower degradation of insu-
lin in hypothyroidism (Ingbor 1985). Shah and
Cerchio (1973) suggested that glucose intoler-
ance of the hypothyroid state is due to dimini-
shed insulin secretion rather than to resistance.
Shah et al. (1975) examined the possibility of
insulin resistance in hypothyroid patients and
reported the absence of any evidence of resis-
tance to the action of exogenously administered
insulin in hypothyroid patients but an increased
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TaBLe 2.  Correlation coefficients among

Ts T TSH e
T, 1 0.21 —0.04 0.42 0.38
T, 1 0.26 0.58* 0.06
TSH 1 0.06 0.44
Uric acid (plasma) 1 0.30
Uric acid (urine) 1
Clearance of uric acid (Cya)
Clearance of creatinine (GFR)
CuA/GFR
Sum glucose
Triglycerides
Mg?* Plasma
Mg?** Erythrocyte

TasLe 3.  Correlation coefficients among

T s s Utcad
T, 1 0.64* —0.17 0.50 0.36
T, 1 —0.05 0.72** 0.34
TSH 1 0.21 0.46
Uric acid (plasma) 1 0.56
Uric acid (urine) 1

Clearance of uric acid (Cya)
Clearance of creatinine (GFR)
CuA/GFR

Sum glucose

Triglycerides

Mg?* Plasma

Mg?* Erythrocyte

sensitivity to insulin. Accordingly, the positive
correlation of post-insulin infusion sum glucose
with GFR (»=0.75**) which was found to be
lowered due to hypothyroidism indirectly sup-
ports the decrease in sum glucose values,

reflecting increased sensitivity to exogeneous
insulin in hypothyroidism.

On the other hand, the presence of a posi-
tive correlation between TSH and sum glucose
values in the hypothyroid state (»=0.76**)
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the pavameters in euthyroid state

Clearance of Clearance of

CuA/GFR Sum glucose Triglycerides Mg?*" Plasma

Mg?* Erythrocite

uric acid creatinine
—0.01 0.04 0.18 —0.43 0.14 —0.26 —0.41
—0.26 0.46 —0.13 —0.46 0.54 —0.65* —0.75**
—0.12 —0.25 0.41 —0.26 0.61* —0.19 0.20
—0.36 0.45 0.17 —0.50 0.32 —0.33 0.59*
0.35 0.02 0.51 0.05 0.11 0.31 —0.05
1 0.12 0.30 0.34 —0.39 0.39 —0.08
1 0.08 0.03 0.37 —0.59 —0.70**
1 —0.26 0.07 0.21 0.13
1 —0.10 0.45 0.54
1 —0.29 —0.27
1 0.61*
1

the parameters in hypothyroid state

Clearance of Clearance of

CuA/GFR Sum glucose Triglycerides Mg?* Plasma

Mg?* Erythrocite

uric acid creatinine
0.07 —0.45 —0.04 —0.33 —0.60* —0.07 —0.63*
—0.24 0.28 0.12 —0.53 —0.43 —0.05 —0.40
0.16 0.54 —0.47 0.76** 0.21 —0.52 0.002
—0.10 0.02 0.15 —0.33 —0.19 0.05 —0.40
0.01 —0.44 0.41 —0.39 0.11 —0.30 —0.29
1 0.20 —0.10 0.11 0.10 —0.22 —0.32
1 —0.31 0.75** 0.37 0.02 0.47
1 —0.35 —0.02 0.001 0.01
1 0.49 —0.36 0.40
1 —0.11 0.51
1 0.31

1
*p<0.05. **p<0.01.
might appear contradictory to above. How- potentiate the actions of insulin and also

ever, the well-established dose-dependent dual
actions of thyroid hormones on various meta-
bolic events should be considered. In relation
to glucose utilisation thyroid hormones both

enhance the degradation of it. The decrease in
potentiation of insulin, by thyroid hormones
may account for the positive correlation
between TSH and sum glucose seen in the
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hypothyroidism-induced animals.

We observed that development of the
hypothyroid state was accompanied by a
decrease in triglyceride concentration of the
plasma. In accordance with this finding Dory
and Roheim (1981) and Rosenqvist et al. (1981)
also reported reduction in plasma triglycerides
in experimental hypothyroidism. Plasma trig-
lyceride concentration decreases due to a
decrease in production and secretion of VLDL
from liver and/or an increase in lipoprotein
lipase (LPL) activity. In the hypothyroid state
the decrease in plasma triglyceride concentra-
tion could be due to the decreased delivery of
VLDL to the circulation. As hypertriglycer-
idemia is generally associated with insulin resis-
tance decreased triglycerides in this study, in-
directly support the absence of insulin resistance
in the induced level of hypothyroid state. On
other hand, in the hypothyroid state we obser-
ved an inverse correlation between T and trig-
lyceride concentrations. Which implies that
serum triglycerides tend to increase as hypoth-
yroid state becomes more severce. In the euth-
yroid state in line with this correlation, we
observed a positive correlation between TSH
and triglyceride. These findings are again con-
sistent with the dose-dependent dual actions of
thyroid hormones. Both the synthesis and deg-
radation of lipids are depressed in states of
thyroid hormone deficiency. However, as the
latter is especially depressed the net effect is an
increase in the stores of most lipids and usually
their concentrations in plasma. Accordingly
Ingbor et al. (1985) reported that hypertriglycer-
idemia in hypothyroidism is due to lowered
lipoprotein lipase activity which necessitates
availability of adequate thyroid hormones.

As to Mg?*, the induction of hypothyro-
idism caused an increase in plasma concentra-
tion, whereas a decrease in the erythrocyte
concentration. We have previously also report-
ed an increase in plasma Mg?* concentration on
hypothyroidism induction (S imsek et al. 1997).
Our findings are consistent with that thyroid

hormones by increasing renal plasma flow and
GFR and also by activating the renin-
aldosterone system cause increased Mg?* excre-
tion and thus lower the plasma concentration
(Simsek et al. 1997). The inversely correlated
plasma Mg?* concentration with both GFR
(r=—0.59* and T, (»=—0.65%) in the euthyroid
state are consistent with these actions of thyroid
hormones. Erythrocyte Mg?* concentration
was also found to be inversely correlated to
GFR (r=—0.70**) and T, (»=—0.75**) in the
euthyroid state. These findings together with
the correlated plasma and erythrocyte Mg**
values (»=0.61*) suggests that changes in eryth-
rocyte Mg?t are to a certain extent, secondary
to the changes in plasma Mg?*" in the euthyroid
state. Similar to that observed in the euthyroid
state, we observed that erythrocyte Mg?** con-
centration was inversely correlated with T;
(r=—0.63*) in the hypothyroid state.

In accordance with our findings Zumkley
and Lehnert (1984) also reported lowered eryth-
rocyte Mg?* concentration in the hypothyroid
state as compared to the euthyroid state. It is
important to note that for interpretation of data
on erythrocyte Mg?* in the hypothyroid state,
the lowered metabolic activity of the eryth-
rocyte and the decreased renal excretion should
both be considered (Ingbor 1985). With the
induction of hypothyroidism the lowered meta-
bolic activity in the erythrocyte might have led
to the decreased intraerythrocytic concentra-
tion. With the progression of the hypothyroid
state, the decreased Mg?* excretion might have
caused an increase in Mg?* concentration of
primarily plasma and secondarily of eryth-
rocytes (Shibutani et al. 1989). The inverse
correlation that we observed between T and
erythrocyte Mg?* in the hypothyroid state might
be interpreted in favor of this suggestion.
Additionally, the positive correlation of eryth-
rocyte Mg?* with plasma uric acid in the euthyr-
oid state (»=0.59*) imply the similar pattern of
change in these parameters, the major determi-
nants acting reciprocally, being renal excretion
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and metabolic activity.

Importantly, both hyperuricemia and de-
creased intracellular Mg?* have been associated
with insulin resistance in relation to aging,
hypertension and obesity in numerous experi-
mental and clinical studies (Paolisso et al. 1990,
1995; Resnick et al. 1990; Paolisso and
Barbagollo 1997). However on the basis of our
data on post-insulin infusion sum glucose and
triglycerides, we observed that insulin resistance
did not develop in the hypothyroid state induced
in this experimental study. In this regard, we
also observed that the consideration of dose-
dependent dual actions of thyroid hormones is
important.

To conclude the increase in plasma uric
acid observed due to hypothyroidism is consid-
ered to be secondary to decreased renal excre-
tion. As clearly evident from this study, hyper-
uricemia of hypothyroidism should not be regar-
ded as an indicator of insulin resistance.
Importantly, the measured levels of biochemical
parameters affected by both metabolic activity
and renal excretion must be interpreted with
caution in thyroid hormone disorders.
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