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Sodium Pump Activity in Subclinical Hypothyroidism
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Background: Metabolic dysfunctions characteristic of overt hypothyroidism (OH) start at the early stage of subclinical hypothy-
roidism (SCH). Na'/K"-ATPase (the sodium pump) is a transmembrane enzyme that plays a vital role in cellular activities in combi-
nation with membrane lipids. We evaluated the effects of early changes in thyroid hormone and membrane cholesterol on sodium
pump activity in SCH and OH patients.

Methods: In 32 SCH patients, 35 OH patients, and 34 euthyroid patients, sodium pump activity and cholesterol levels in red blood
cell membranes were measured. Serum thyroxine (Ts) and thyroid stimulating hormone (TSH) levels were measured using enzyme-
linked immunosorbent assays. Differences in their mean values were analysed using post hoc analysis of variance. We assessed the
dependence of the sodium pump on other metabolites by multiple regression analysis.

Results: Sodium pump activity and membrane cholesterol were lower in both hypothyroid groups than in control group, OH group
exhibiting lower values than SCH group. In SCH group, sodium pump activity showed a significant direct dependence on membrane
cholesterol with an inverse relationship with serum TSH levels. In OH group, sodium pump activity depended directly on membrane
cholesterol and serum T4 levels. No dependence on serum cholesterol was observed in either case.

Conclusion: Despite the presence of elevated serum cholesterol in hypothyroidism, membrane cholesterol contributed significantly
to maintain sodium pump activity in the cells. A critical reduction in membrane cholesterol levels heralds compromised enzyme ac-
tivity, even in the early stage of hypothyroidism, and this can be predicted by elevated TSH levels alone, without any evident clinical
manifestations.
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INTRODUCTION

Subclinical hypothyroidism (SCH) is defined as a condition
where no overt decrease in thyroxine (T4) or triiodothyronine
(T5) levels is evident, despite an increase in thyroid stimulating
hormone (TSH) levels in the blood [1]. This disorder is becom-
ing more prominent due to the development of more sensitive
assays capable of detecting lower levels of thyroid hormones, as

well as increased awareness of the potential harmful effects of
SCH. Using recently developed techniques, the prevalence of
SCH was found to be as high as 9.4%, with greater prevalence
(11.4%) in females [2]. This finding is important because it has
been observed that despite having normal blood levels of T,
patients suffering from SCH exhibit a greater prevalence of car-
diovascular diseases, myocardial ischaemia, and dyslipidaemia
[3-5]. Moreover, recent studies have suggested that proinflam-
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matory conditions play a major role in mediating generalized
tissue ischaemia in SCH patients [6]. SCH is also associated
with impairments in bioenergetic functions that can be reversed
by T therapy [7].

The major effects of the thyroid hormones on adenosine tri-
phosphate (ATP) synthesis have been known for a long time;
namely, they promote mitochondrial respiration, ATP synthesis,
and the utilization of ATP in the cytosol [8]. However, recent
evidence of reduced exercise tolerance in SCH patients indi-
cates the presence of compromised energy production on de-
mand at much earlier stages of the hypothyroid disease spec-
trum [9]. Na'/K*-ATPase (the sodium pump) is an ATP-depen-
dent transmembrane enzyme protein composed of two major
classes of subunits (a and ), which help in the overall regula-
tion of its activity under different metabolic conditions. Not
only does this enzyme play a key role in maintaining the normal
membrane potential by moving three equivalents of Na" outside
the cell and two equivalents of K" inside the cell, but the inter-
action of this pump with surrounding membrane proteins and
lipids allow this membrane protein to function as an important
modulator of signal transduction cascades [10-12]. This dual
role of the sodium pump is supported by evidence that its block-
ade by its natural inhibitor ouabain tends to restrict the lipid ki-
nase-mediated signal transduction pathway [13].

Several factors play important roles in the regulation of the
sodium pump in the human body. The postnatal increase in so-
dium pump activity occurs due to coordinated increases in the
pool size of the a1 and B1 subunits, which is dependent on nor-
mal thyroid status in most tissues, such as the brain [14]. The
thyroid hormones have been found to play a crucial role in pre-
serving normal sodium pump activity in most tissues. In fact,
Ts-induced increases in the expression of this membrane trans-
porter in several thyroid-receptive tissues have been proposed
to be a major cause of the calorigenic function of T4 [15]. The
abundance of both the o and 3 subunits of the sodium pump has
been found to be increased approximately 4- to 5-fold in myo-
cardial tissue in experimental animals after treatment with T3
[16]. In experimental animals, hypothyroidism has been found
to reduce sodium pump activity in the frontal and hippocampal
areas, with significant modulation of acetylcholinesterase activ-
ity in specific brain regions [17]. These observations suggest
that an optimum thyroid hormone status is required to maintain
normal sodium pump activity in certain brain cells that in turn
regulate acetylcholinesterase activity and the monoamine neu-
rotransmitter systems of specific brain areas.

The importance of sodium pump activity in neuronal devel-
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opment is underscored by the fact that maternal exposure to the
anti-thyroid drug propylthiouracil through drinking water in the
vital stages of neurological development was found to result in
restricted activity of hypothalamic, pontine, and cerebellar sodi-
um pump activity in experimental rats [18]. As optimum sodium
pump activity is an important contributor to adequate neuronal
excitability and energy production through well-integrated met-
abolic pathways, it plays a crucial role in the regulation of the
overall process of neurotransmission. Hence, sodium pump im-
pairment may be a plausible explanation for the neurotoxicity
due to improper intrauterine development that has been ob-
served in hypothyroid patients. However, some earlier reports
have suggested contrasting results, reporting that increased lev-
els of sodium pump activity were associated with decreased
thyroid function, both in overt as well as in subclinical cases
[19,20]. These inconsistent results suggest that no uniform al-
terations occur in the function of the sodium pump in thyroid
disorders. Hence, our goal was to explore the effect of both thy-
roid hormone and its trophic regulator in the initial subclinical
phase of this common endocrine disorder on sodium pump ac-
tivity and on membrane cholesterol, a closely associated mem-
brane component.

Hypercholesterolaemia and dyslipidaemia have been reported
to become associated much earlier in hypothyroid patients than
in the general population. Almost 90% of hypothyroid patients
have been reported to have hypercholesterolaemia, with a sig-
nificant rise in the low density lipoprotein (LDL) fraction [21].
However, in SCH, changes in patients’ lipid profiles have been
documented to vary, with some studies describing a rise in both
the levels of total cholesterol and the LDL fraction, while others
have reported only an increase in total cholesterol without any
rise in the LDL fraction [22]. Changes in cholesterol metabo-
lism in hypothyroidism are clearly reflected in the intracellular
milieu and in the cell membrane, with a 60% increase in the
plasma cholesterol level co-occurring with a 22% reduction in
erythrocyte membrane cholesterol content [23]. Furthermore,
the effect of the thyroid hormones on the membrane cholesterol
is underscored by the finding that the proportion of cholesterol
was lower in comparison to phospholipids in the cell mem-
branes of hypothyroid patients than in normal control subjects
[24]. Membrane cholesterol has been found to play a crucial
role in the regulation of sodium pump activity in its own right.
High concentrations of sodium pumps have been reported in the
membrane caveolae, which are rich in cholesterol (containing
up to 25% to 30% of total cell cholesterol), reflecting the impor-
tance of a cholesterol-rich environment for their optimum func-
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tion. These observations prompted us to explore whether chang-
es in membrane cholesterol levels in both SCH patients and pa-
tients with overt hypothyroidism (OH) contribute to changes in
sodium pump activity. We hypothesized that alterations in sodi-
um pump activity may start in the initial stages of hypothyroid-
ism, before the appearance of clinical symptoms, depending on
changes in membrane cholesterol levels. The present study was
conducted to evaluate this hypothesis.

METHODS

Study design and setting

The present study was undertaken in the Department of Bio-
chemistry of a tertiary care medical college and hospital in West
Bengal, India. It was a hospital-based, non-interventional, and
cross-sectional observational study that spanned a period of 1
year, from February 2015 to January 2016.

Selection of cases and controls

Sixty-seven cases between 20 to 40 years of age were selected
by convenience sampling from the thyroid clinic of the Bio-
chemistry Department during the stipulated study period. No
gender criteria were applied during the selection process. The
inclusion and exclusion criteria were as follows.

Inclusion criteria

After clinical examination, all hypothyroid cases were selected
based on their serum levels of TSH and total Ts. Thereafter, we
subdivided the case group into OH and SCH patients based on
serum T4 levels, as follows: (1) SCH group: elevated TSH
(>6.16 pIU/mL), but total T4 within the reference range (5 to 13
pg/dL); (2) OH group: elevated TSH (>6.16 pIU/mL) and total
T4 below the lower limit of the reference range (<5 pg/dL); and
(3) control group: 34 healthy age-matched and sex-matched
subjects were selected as the control group from the same popu-
lation, belonging to similar socioeconomic strata and having
similar nutritional status.

Exclusion criteria

Patients with a history of chronic alcohol consumption, smok-
ing, drug addiction, any malignant disorder, chronic inflamma-
tory disease, and any other metabolic or endocrine disorders
were excluded. Cases and control subjects on any steroid drug
or with disorders that may alter serum protein levels and cause
false changes in total T4 values were also excluded from the
study.
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Ethical guidelines

Informed consent was obtained from the case groups and the
control group according to the study protocol. Institutional ethi-
cal clearance (reference number CNMC/05, dated February 12,
2015) was obtained before the start of the study. The overall
study process adhered to the ethical guidelines formulated for
biomedical research on human subjects by the Indian Council
of Medical Research (2006) and the Helsinki Declaration (1975,
revised in 2000).

Measurement of study parameters

Measurement of sodium pump activity

Sodium pump activity was estimated in red blood cell (RBC)
membranes, because RBC membrane sodium pump activity is
closely correlated with neuronal sodium pump activity. Sodium
pump activity was measured using the following steps, as de-
scribed by Noori et al. [25].

(1) Preparation of RBC hemolysate: the packed RBCs were
sequestered by centrifuging at 4°C at 1,500 rpm for 15 minutes
and mixed in mL of 0.011 mol/L Tris-HCI buffer, 25 times vol-
ume of the packed RBC, at a pH of 7.4. The haemolysed cells
were centrifuged for 30 minutes at 12,000 rpm at 4°C. The mem-
brane pellet obtained was dissolved in 30 mL of 0.011 mol/L
Tris-HCI buffer. Centrifugation under the same conditions was
repeated three times to purify the membrane pellet. To ensure
the optimum measurement of enzyme activity, the final concen-
tration of total protein in the membrane suspension was adjusted
to approximately 4 mg/mL of Tris buffer. The final suspension
was preserved at —20°C until the assay of enzyme activity was
performed.

(2) Measurement of sodium pump activity: sodium pump ac-
tivity was estimated by a multienzyme assay technique, utilizing
a sequence of reactions carried out in an ATP-consuming system.
In this system, the hydrolysis of ATP correlated linearly with the
oxidation of nicotinamide adenine dinucleotide (NADH) to
NAD+ and a change in its absorbance at 340 nm. One unit of
ATPase represented 1 pmol of NADH oxidation per minute.
The reaction mixture was placed in an ultraviolet spectropho-
tometer, and the reaction baseline was established for 1 to 2
minutes at 340 nm. At the end of this time, 50 pL of the suitably
diluted sample was added and the reaction was initiated by add-
ing 100 pL of ATP solution. Once a good linear rate was estab-
lished, 100 pL of ouabain was added, and the rate was measured
after addition of the inhibitor. The sodium pump activity was
taken to be the difference between the initial rate and the rate af-
ter ouabain addition, and expressed as AA/min.
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The value of AA/min corresponding to sodium pump activity
was calculated using the following formula: AA/min for sodium
pump activity=AA/min before the addition of ouabain—AA/min
after the addition of ouabain.

The final value was expressed in terms of units (I pmol/min
=1 unit).

RBC membrane proteins were measured using the Lowry
method with the Folin-Ciocalteu reagent, and the membrane so-
dium pump activity was ultimately expressed as [U/mg of tissue
protein.

Serum cholesterol

Serum cholesterol was measured using the standard cholesterol
oxidase-peroxidase antiperoxidase (CHOD-PAP) method using
standard spectrophotometric techniques.

Measurement of membrane cholesterol

Cholesterol in the dry lipid extracts of the RBC membranes was
measured using a commercially obtained CHOD-PAP reagent
(ERBA diagnostic, Mannheim, Germany). The procedure was
performed as follows, according to the procedure described by
Macchia et al. [26].

Dry residues of the RBC membrane were obtained after
washing erythrocytes three times with physiological saline, and
the packed cells were haemolysed by mixing with distilled wa-
ter in a 1:2 ratio. Then, 0.5 mL of the hemolysate was trans-
ferred to a stoppered glass tube and 5 mL of isopropanol was
added dropwise with vigorous mixing on a vortex. After 1 hour
of incubation at room temperature, 3.2 mL of chloroform was
added dropwise in similar way. The reaction mixture was stored
in stoppered glass tubes in a dark environment at room tempera-
ture overnight. Thereafter, the contents were centrifuged at
3,000 rpm for 10 minutes in 15-mL centrifuge tubes, and 600
uL of the supernatant was slowly evaporated at 60°C. Each
sample was evaporated in triplicate to remove bias due to varia-
tions across samples. The dry residues were obtained were com-
pletely dissolved in 2 mL of CHOD-PAP reagent and 0.5% non-
ionic detergent (Triton-X). After incubating for 30 minutes at
room temperature, the reaction mixture in the tubes was vor-
texed vigorously until all the dry residues were converted into
homogenous solutions. Absorbance of the reaction mixture was
measured at 500 nm in a spectrophotometer. Values of individu-
al samples were calculated by comparing their absorbance with
that of a cholesterol calibrator (5.17 mmol/L) treated in the
same way. The final concentration was expressed as mmol/mg
of total protein.
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Measurement of serum TSH and total T,

Serum TSH and total T, were estimated by non-competitive and
competitive enzyme-linked immunosorbence assay methods,
respectively, with avidin-coated microwells and biotinylated en-
zyme conjugate reagents (Accubind, Monobind, Lake Forest,
CA, USA).

Quality control for test procedures

The coefficient of variation (CV) was measured throughout the
study period for all tests, and was found to be 6% for TSH and
8% for total Ts. For the assay procedures of sodium pump activ-
ity and membrane cholesterol, the CV was 8% and 7.5%, re-

spectively.

Data analysis

The data obtained were primarily analysed for the pattern of dis-
tribution using the Kolmogorov-Smirnov test as a statistical
measure, and graphically by histograms and box plot graphs. In-
dividual mean values were compared through post hoc analysis
of variance (ANOVA). The dependence of sodium pump activi-
ty on other parameters was assessed using multiple linear re-
gression analysis. P values <0.05 for 95% confidence intervals
were considered to indicate statistical significance. All data were
analysed in SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

In the results of the Kolmogorov-Smirnov test (P>0.05) (Table
1), a box plot (Fig. 1), and histograms (not shown), the data ob-
tained for all groups appeared to follow an almost normal distri-
bution that justified the use of post hoc ANOVA and multiple
linear regression analysis.

Post hoc ANOVA, presented in Table 2, showed that serum
TSH, T, sodium pump activity, and membrane cholesterol lev-
els differed significantly among the control, SCH, and OH
groups. Serum TSH values in the OH group were significantly
higher than in the SCH patients, who in turn showed higher val-
ues than the control subjects. Total T4 levels in the OH patients
were significantly lower than in both the SCH and control sub-
jects, with a mean value (1.03 pg/dL) below the lower limit of
the reference range (4 to 12 pg/dL). Although the mean T; lev-
els in the SCH (5.68 ng/dL) and control groups (8.29 pg/dL)
were within the reference range, they exhibited a statistically
significant difference (P<0.001). However, the serum and
membrane cholesterol levels showed opposite trends in the
SCH and OH groups, as they were significantly lower and high-
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Table 1. Mean, SE, and Indicators Regarding the Normal Distribution of the Study Parameters in All Study Groups

Parameter SCH OH Controls

Age, yr 29.4+0.81 31.5+£0.93 30.2+1.0
P value* 0.10 0.20 0.15

BMI, kg/m? 21.4£0.26 22.0£0.17 21.4£0.43
P value® 0.09 1.0 0.08

TSH, pIU/mL 15.3£0.55 19.5£1.23 2.10£0.19
P value® 0.2 0.10 0.2

Ty, pg/dL 5.68+0.34 1.03£0.06 8.29140.53
P value® 0.2 0.20 0.20

Na'/K*-ATPase activity, [U/mg of tissue protein 8.841+0.75 3.15+£0.22 19.5+£0.89
P value® 0.14 0.19 0.2

Serum cholesterol, mmol/L 4.92+0.20 5.78+0.19 4.69+0.20
P value® 0.2 0.13 0.2

Membrane cholesterol, mmol/mg of tissue protein 3.99+0.18 3.49+0.17 4.37+0.06
P value® 0.13 0.2 0.17

LDL-C, mmol/L 2.36+0.07 3.84+0.12 2.3£0.06
P value®* 0.182 0.126 0.165

HDL-C, mmol/L 0.9940.02 0.93+0.024 1.01£0.023
P value® 0.07 0.20 0.189

TG, mmol/L 1.19+0.05 1.95+0.15 1.1£0.048
P value* 0.200 0.195 0.210

Values are expressed as mean® SE.

SE, standard error; SCH, subclinical hypothyroidism; OH, overt hypothyroidism; BMI, body mass index; TSH, thyroid stimulating hormone; Ts, thyrox-

ine; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglyceride.

“The Kolmogorov-Smirnov test was used to assay the normality of the distribution of the data. P values >0.05 suggest a normal distribution pattern.
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Fig. 1. Box plot showing distribution of individual study parameter for both subclinical hypothyroidism (SH), overt hypothyroidism (OH),
and control (CON) groups. TSH, thyroid stimulating hormone; T4, thyroxine; Mem cho, membrane cholesterol.
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Table 2. Post Hoc Analysis of Variance with the Bonferroni Correction for Analyzing the Significance of Differences in the Mean Values
of Test Parameters among the SCH, OH, and CON Groups
Dependent variable (I) grouping (J) grouping Mean difference (I-J) P value
Serum cholesterol, mmol/L SH OH -2.01* <0.001
CON 0.45° 0.036
OH SH 2.01° <0.001
CON L.51* <0.001
CON SH —0.45° 0.036
OH -1.51* <0.001
Serum TSH, plU/mL SH OH -291* 0.003
CON 13.61° <0.001
OH SH 291° 0.003
CON 16.52° <0.001
CON SH —-13.61° <0.001
OH -16.52° <0.001
Serum T, pg/dL SH OH 4.21° <0.001
CON -2.16* 0.002
OH SH —4.21* <0.001
CON —6.38° <0.001
CON SH 2.16" 0.002
OH 6.38" <0.001
Na'/K'-ATPase activity, [U/mg of tissue protein SH OH 5.39° <0.001
CON —-13.10* <0.001
OH SH —5.39* <0.001
CON —-18.50* <0.001
CON SH 13.10° <0.001
OH 18.50* <0.001
Membrane cholesterol, mmol/mg of tissue protein SH OH 0.97 <0.001
CON -0.37° 0.042
OH SH —0.97* <0.001
CON -1.35* <0.001
CON SH 0.37 0.042
OH 1.35° <0.001
SCH, subclinical hypothyroidism; OH, overt hypothyroidism; CON, control; TSH, thyroid stimulating hormone; Ts, thyroxine.
*P values were considered to indicate significance at a level of P<0.05 for the 95% confidence interval.

er, respectively, in the SCH group than in the OH group. In con-
trast, sodium pump activity was distinctly lower in the OH
group than in the SCH group.

Table 3 shows the results of Pearson bivariate correlation
analysis for the strength of the associations between sodium
pump activity and the study parameters in the SCH and OH
groups. Sodium pump activity was only found to be significant-
ly associated with the membrane cholesterol level (P=0.001).
The associations with other lipid parameters, such as total serum
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cholesterol, LDL cholesterol, and high density lipoprotein cho-
lesterol were statistically insignificant (P>0.05).

However, since bivariate correlations depict the relationship
between two variables independently, we performed multivari-
ate linear regression analysis to ascertain the predictive values
of serum and membrane cholesterol levels and thyroid parame-
ters on sodium pump activity in SCH and OH patients consider-
ing all important variables jointly. The results, shown in Table 4,
indicate that sodium pump activity in SCH patients was only

Copyright © 2017 Korean Endocrine Society



Sodium Pump Activity in Subclinical Hypothyroidism E n M .

Table 3. Pearson Bivariate Correlations Showing the Relationships between Na'/K*-ATPase Activity and Lipid Parameters in SCH and
OH Patients

Parameter Serum cholesterol Membrane cholesterol ~ Serum LDL-C Serum HDL-C Serum TG

Na'/K*-ATPase activity in SCH patients

r —0.286 0.546 -0.292 0.179 0.022

P value 0.115 0.001* 0.105 0.327 0.904
Na'/K'-ATPase activity in OH patients

r —0.259 0.518 —0.273 0.312 —0.266

P value 0.133 0.001* 0.112 0.068 0.122

SCH, subclinical hypothyroidism; OH, overt hypothyroidism; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol;
TG, triglyceride.
“P values were considered to indicate significance at a level of P<0.05 for the 95% confidence interval.

Table 4. Multiple Linear Regression Analysis Showing the Predictive Values of Thyroid Hormone and Cholesterol Levels on Na"/K*-
ATPase Activity in Subclinical Hypothyroidism Patients

Unstandardized coefficients Standardized coefficients
Model 1 t P value
B SE B
Constant 10.970 5.073 - 2.163 0.040
Serum cholesterol -0.400 0.706 -0.080 -0.567 0.575
TSH —0.480 0.172 -0.410 -2.796 0.009*
Total T4 -0.392 0.322 -0.169 -1.215 0.235
Membrane cholesterol 2.140 0.694 0.443 3.084 0.005*

The dependent variable was Na'/K"-ATPase activity.
SE, standard error; TSH, thyroid stimulating hormone; T4, thyroxine.
“P values were considered to indicate significance at a level of P<0.05 for the 95% confidence interval.

Table 5. Multiple Linear Regression Analysis Showing the Predictive Values of Thyroid Hormone and Cholesterol Levels on Na"/K*-
ATPase Activity in Overt Hypothyroidism Patients

Unstandardized coefficients Standardized coefficients
Model 1 t P value
B SE B
Constant -1.379 1.078 - —1.280 0.210
Serum cholesterol 0.004 0.003 0.095 1.193 0.242
TSH -0.011 0.026 -0.037 -0.450 0.656
Total T4 2.428 0.240 0.869 10.119 <0.001°
Membrane cholesterol 0.009 0.004 0.170 2.204 0.035°

The dependent variable was Na'/K"-ATPase activity.
SE, standard error; TSH, thyroid stimulating hormone; T4, thyroxine.
“P values were considered to indicate significance at a level of P<0.05 for the 95% confidence interval.

significantly dependent on the membrane cholesterol and serum  patients; however, the results were different regarding the pre-
TSH levels (=0.443 and p=-0.41; P=0.005 and P=0.009, re-  dictive values of serum TSH and T; levels in the multiple linear
spectively) without any significant dependence on serum cho-  regression analysis (Table 5). Sodium pump activity was found
lesterol or T4 levels (Table 4). to be dependent on membrane cholesterol values and serum T4

When similar statistical analyses were carried out for the OH  levels (3=0.170 and f=0.869; P=0.035 and P<0.001, respec-
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tively), with no significant dependence on serum cholesterol or
TSH levels.

DISCUSSION

RBC membrane sodium pump activity has been found to be
correlated with sodium pump activity in the cell membranes of
different types of tissues, including neuronal, myocardial, and
renal tissue, as well as several other tissue types [27-29]. Hence,
we selected RBC membrane sodium pump activity as a way of
assessing the alteration of sodium pump activity in different tis-
sues in hypothyroidism. Thyroid hormone has long been known
to be a strong augmenter of sodium pump enzyme activity in
thyroid-receptive tissues [30]. In our present study, the presence
of significantly reduced sodium pump activity in both groups of
hypothyroid patients (post hoc ANOVA) (Table 2) substantiates
this finding. However, importantly, we additionally found sig-
nificantly decreased sodium pump activity in the SCH group in
comparison to the control subjects. This finding indicates that
early malfunctioning of this multimeric membrane protein oc-
curs in the earliest part of the spectrum of hypothyroid disorder
(SCH). The crucial stimulatory role of the thyroid hormones on
the function and integrity of sodium pump activity has already
been discussed [14-16]. In many cases, SCH has been found to
progress to OH over time [31], indicating that SCH is an early
stage of transient thyroid deficiency in thyroid-responsive tis-
sues characterized by an early compensatory rise in TSH, which
gradually progresses to a long-term decompensated overt hypo-
thyroid stage with reduced Ts levels despite an increase in TSH.
This explains the observation of compromised sodium pump
activity in both the SCH and OH groups, with a significantly
greater reduction in the OH group. It has been reported that T,
treatment at a specific dosage stimulates sodium pump activity
in biomembranes [32]. In agreement with this observation, the
reduced sodium pump activity in our SCH patients can be ex-
plained by the presence of transient intracellular T, deficiencies
at this initial phase of hypothyroid disorder; these deficiencies
culminate into a gross reduction of this enzyme activity as the
spectrum progresses into OH, with a much more generalized re-
duction in Ty levels. This idea is further substantiated by our
finding in multiple linear regression analysis that sodium pump
activity in the OH group showed a significant positive depen-
dence on serum levels of T4 (3=0.869, P<0.001) (Table 4) but
did not show any such dependence in the SCH group (P=0.235)
(Table 3). Instead, in the SCH group, sodium pump activity was
found to be significantly negatively dependent on serum TSH
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values (B=-0.410, P=0.009) (Table 3), which rise proportion-
ally with the transient intracellular T4 deficiency to maintain a
serum T4 value within the reference range.

The evolutionary correlation between the sodium pump and
3B-hydroxysterol A(24)-reductase, the major rate-limiting en-
zyme of the cholesterol biosynthetic pathway, has strengthened
to the point that membrane cholesterol content significantly
contributes to maintain sodium pump activity [33]. Further-
more, in the present study, sodium pump activity was found to
be closely linked to membrane cholesterol content rather than
with serum cholesterol levels in both SCH and OH patients. The
inability of serum cholesterol levels to provide consistent pre-
dictive information regarding sodium pump activity is further
underscored by the results of the multiple linear regression anal-
ysis, in which serum cholesterol levels did not show any signifi-
cant predictive power for sodium pump activity in either the
SCH group (B=-0.08, P=0.575) or the OH group (f=0.095,
P=0.242). This indicates that despite some degree of free ex-
change of cholesterol with the plasma, the total cholesterol con-
tent of the RBC membrane is mostly determined by an equilib-
rium between cholesterol efflux and influx across the membrane
and intracellular cholesterol transport, all of which occur via
several enzymatic and biochemical pathways within the cells,
independently of the circulating plasma cholesterol [34-36].
Similarly, some recent studies have also corroborated this view
of membrane cholesterol content and plasma cholesterol being
independently regulated [37].

Cholesterol is a membrane lipid that exerts a significant influ-
ence on the structural integrity of the sodium pump. The bind-
ing of lipids such as phosphatidylserine and cholesterol stabiliz-
es particular sites of the sodium pump. Purified detergent-solu-
ble recombinant aff or af/FXYD sodium pump complexes have
been found show specific functional effects in response to the
binding of phospholipids and cholesterol at different sites of the
enzyme, with distinctive structural selectivity. These findings
have underscored the crucial role of phospholipids and choles-
terol, and the interactions thereof, in maintaining the stability
and molecular activity of the sodium pump [37]. These consid-
erations explain the possible implications of changes in mem-
brane lipid composition for the physiological regulation of this
integral membrane transporter.

This finding was observed in both the SCH and OH groups,
albeit more significantly in the OH group. Decreased expression
of LDL receptors on hepatic cells, along with reduced activity
of the 7 a-hydroxylase enzyme, are some notable explanations
of high levels of serum cholesterol in both SCH and OH pa-
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tients [38,39]. Furthermore, hypercholesterolaemia in SCH pa-
tients has been explained by the fact that elevated TSH levels
have been found to stimulate the B-hydroxy-p-methylglutaryl-
CoA (HMG-CoA) reductase enzyme in liver tissue [40]. Recent
studies have suggested that elevated TSH levels increase the ef-
flux of cellular cholesterol into the plasma by increasing the ex-
pression of ATP-binding cassette subfamily A members [41].
These findings, in part, explain the coexistence of increased
plasma cholesterol levels with reduced levels of intracellular
and intramembrane cholesterol in SCH patients.

However, the major limitation of the present study is that we
only obtained data from RBC membranes in vivo. We plan to
undertake further investigations in different cell culture lines in
vitro to obtain more detailed and conclusive evidence of altered
sodium pump activity in hypothyroidism

In conclusion, given the effects of both the thyroid hormones
and membrane cholesterol on sodium pump activity, it is evi-
dent that the pathophysiological changes of hypothyroidism
manifest through alterations in intracellular communication and
neural transmission beginning in the very early stages of SCH,
which may herald several cardinal metabolic and neurological
complications involved in the entire spectrum of hypothyroid-
ism. We suggest that membrane cholesterol is a more crucial in-
dicator than serum cholesterol of vital cellular metabolic reac-
tions such as sodium pump activity. In light of our observations
and the findings that have been presented in the literature, we
propose that HMG-CoA reductase inhibitors may significantly
reduce the cholesterol concentration in biomembranes at the
same time as they significantly reduce cellular cholesterol. As
an optimum concentration of membrane cholesterol is needed
to maintain sodium pump activity, we propose that it is neces-
sary to monitor membrane cholesterol levels during HMG-CoA
reductase inhibitor therapy to ensure that it is maintained at an
optimum level for regulating vital cellular functions such as
membrane transport via the sodium pump.
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