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Abstract: Both hypothyroid (Hypo) and hypoz-
incemia are commonly observed in patients and
animals with chronic renal failure (CRF). In CRF
whether the hypothyroid plays a role in the patho-
genesis of hypozincemia is unclear. This study is
designed to investigate the effects of hypothyroid
on intestinal zinc absorption and urinary zinc ex-
cretion in 5/6 nephrectomized (Nx) rats, because
plasma zinc balance is attained through a con-
trolled rate of intestinal uptake as well as renal
reabsorption. Intestinal zinc absorption was car-
ried out in jejunum and ileum segments by an in
vivo perfusion technique and the renal zinc dis-
posal was evaluated by a conventional method
using a standard formula to calculate the zinc
tubular reabsorption and the excretion of uri-
nary zinc in 5/6 Nx rats with hypothyroidism. The
Hypo-NxT rats showed a significant decrease in
the rate of intestinal zinc absorption and in the
response of plasma zinc levels during intestinal

zinc perfusion compared with Eu-NxT rats. They
also had significantly lower levels of mucosal zinc
and MT as well as lower content of liver zinc than
Eu-NxT rats after intestinal zinc perfusion for 80
min. Hypo-NxT rats showed low plasma zinc lev-
els, but had a similar output of pancreaticobiliary
zinc and excretion of 24-h urine zinc compared
with the Eu-NXxT rats. When 2% alcohol intestinal
perfusion was used to produce water diuresis,
the Hypo-NxT rats presented a higher excretion
of urinary zinc than the Eu-NxT rats did, espe-
cially during 2% alcohol intestinal zinc perfusion.
In the Hypo-NxT rats, the lower plasma zinc lev-
els may thus result from the hypothyroid because
it reduces intestinal zinc absorption. Increasing
the urine flow rate may aggravate the reduction
of plasma zinc level in Hypo-NxT rats because of
the increased excretion of urinary zinc. [The Jap-
anese Journal of Physiology 55: 211-219, 2005]
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Zinc is an essential nutrient in humans and animals
because it is a critical component of numerous met-
alloenzymes and zinc-dependent transcription factors
[1]. Thus it is involved in many biological activities,
such as fuel metabolism [2], protein synthesis [3],
hormone metabolism [4, 5], and cell division and dif-
ferentiation [6—8]. Zinc is also implicated as a neuro-
modulator of certain postsynaptic neurons in the brain
[9]. Because of these important functions, nutritional
zinc deficiency can have devastating consequences to
human and animal health, including growth retarda-

tion, immune system dysfunction, and mental disor-
der. Some diseases have been suggested to induce zinc
deficiency, such as chronic uremia [10-12], sickle cell
disease [13], chronic alcoholism [14], Crohn’s disease
[15], and the genetic disorder acrodermatitis entero-
pathica [16]. Hypozincemia is a main feature of zinc
deficiency and is commonly found in patients with re-
nal insufficiency [17, 18] or in uremic patients on he-
modialysis [19, 20]. Our recent studies suggested that
both the decreased intestinal zinc absorption [21, 22]
and the decreased renal tubular reabsorption of zinc
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Table 1. Metabolic parameters in 5/6 nephrectomized rats with hypothyroidism and euthyroidism.

) , Urine
Body weight (g) Food Plasma levels Urine = otein
Status n intake output
(g/day) (mijday) M9/
Initial Final y Cr(mg/dl)  T,(ng/ml) T, (ng/ml) Y day)
Normal 10 1985+55 3152+165 223 +16 052+003 198+ 0.18 96.4 + 3.1 247 +09 3.7+05
Hypo-NxT 12 1938 59 2955+ 143 18615 121+0.05° 085+ 0.18*" 67.2+ 25" 235+ 1.189+0.8"
Eu-NxT 14 1944 +£54 3081 +128 212+18 1.12+0.05 195+£022 985+£35 264+1298+0.8"

Values are expressed as mean = SE. n, no. of rats; Cr, creatinine; T,, triiodothyronine; T,, thyroxine; Hypo-NxT, hypothyroid-NxT; Eu-NXxT,
euthyroid-NxT. *Significantly different from normal control value (p < 0.05); tSignificantly different from Eu-NxT value (p < 0.05).

[23, 24] might be the main causes of hypozincemia,
because the kidney and intestine play important roles
in the maintenance of plasma zinc homeostasis [25].

Hypothyroid is often found in patients with chronic
renal failure [26-28] because the kidney plays an im-
portant role in the metabolism, degradation, and excre-
tion of several thyroid hormones [29]. Zinc deficiency
has been found to decrease serum T, and T, concen-
trations and to blunt TSH response to TRH [30]. Zinc
supplementation has corrected the T, and T, values
toward normal in patients receiving intermittent peri-
toneal dialysis therapy [30]. In uremia, whether the
hypothyroid plays a role in the pathogenesis of hy-
pozincemia is unclear because in vitro study suggests
that hypothyroid reduces Zn** uptakes in brush-border
membranes (BBM) of rat intestinal and renal tubules
[31]. The effects of hypothyroid on Zn*" uptakes in
the in vivo studies of intestine and renal tubules are
not delineated. Therefore we attempted to use an in
vivo intestinal zinc perfusion model to evaluate the ef-
fect of hypothyroid on intestinal zinc absorption and
to study the effect of hypothyroid on the handling of
renal tubular zinc in rats with CRE.

MATERIALS AND METHODS

Reagents and animals. T, and T, enzyme im-
munoassay test kits were obtained from Maxim Bio-
tech, Inc (South San Francisco, CA). All other chemi-
cals were purchased from Sigma Chemical (St. Louis,
MO).

Adult male Sprague-Dawley strain rats, weighing
180200 g at the start of each experiment, were ob-
tained from the animal center of National Yang-Ming
University and were kept at 25°C in a 12-h light-dark
cycle. All animals were fed with a standard rat chow,
which contained 23% protein and an average of 50-
ppm total zinc, and had free access to food and water.
The rats were given a two-stage five-sixths nephrec-
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tomy (5/6 Nx) to induce CRF for 2 weeks later. The
5/6 Nx rats were randomly divided into two groups
as follows: hypothyroid-NxT (Hypo-NxT) and euthy-
roid-NxT (Eu-NxT). Hypo-NxT was induced as de-
scribed by Choudhury et al. [32], but it is modified 1.5
mg/ml 6-n-propyl-2-thiouracil (PTU) was dissolved
in distilled water and administered orally via a gastric
tube at a bid dose of 20 ml/kg for 3 weeks. Euthyroid
rats were administered orally via gastric tube with an
equivalent amount of solvent. The procedure for 5/6
Nx was described in detail in our previous report [33].
Sham-operated normal control rats were simultane-
ously performed in present study.

Absorption studies were performed at the end of the
hypothyroid treatment. Prior to the absorption study,
24-h urine samples were collected from all animals
in a Nalgene plastic metabolic cage, and the animals
were fasted for 16 hours. The samples were used to
assay the concentrations of urine protein, urinary zinc
and urinary creatinine, and the standard formula Cx
= UxV/Px was used to calculate the renal clearances
of creatinine and zinc, where Ux and Px represent
the concentrations of creatinine and zinc in urine and
plasma respectively, and V represent the urine flow
rate in milliliters per minute [34].

On the day of absorption study, the preparation
and surgery of the animals were described in detail
in our previous report [22]. A cannula was inserted
in the common duct proximal to the ampulla of Vater
to collect pancreaticobiliary juice. Before urine col-
lection, the bladder was emptied with a 27 G needle,
using 1 ml 0.3% phenol red zinc-free saline solution
to perfuse the bladder and collect the urine. The to-
tal volume of urine was calculated for 1 ml perfusate
shifts as reflected by changes of the concentration of
phenol red, which was used as a non-absorbed marker.
The perfusate was then used to determine the urinary
excretion of zinc. The blood samples were obtained
through the femoral artery, and base line blood sam-
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Table 2. Effects of hypothyroid on renal handling of zinc in 5/6 nephrectomized rats.

2+
Status n  Plasma Zn (ug/ml) UZn.V (ug/day) Ccr (ml/min)  CZn? (pl/min) %i;o/(g/c)r TRZn?* (%)
o
Normal 10 1.31 £0.04 4.88 + 0.21 1.58 £ 0.11 2.62 +0.14 0.17 £ 0.11 99.8 + 0.11
Hypo-NxT 12 1.05 £ 0.04*F 565 +0.22* 0.56+0.07 3.71x0.21* 0.66 +0.19* 99.3 +0.19*
Eu-NxT 14 1.16 £ 0.04* 6.38 + 0.35* 0.69 £ 0.09* 3.91 +0.32* 054 +0.14* 994 +0.14*

Values are expressed as mean = SE. n, no. of rats; Zn, zinc; UZnV, urinary zinc excretion; Ccr, renal creatinine clearance; CZn?, renal
zinc clearance; TRZn?*, zinc tubular reabsorption; Hypo-NxT. Hypothyroid-NxT; Eu-NxT, euthyroid-NxT. *Significantly different from normal
control value (p < 0.05), tSignificantly different from Eu-NxT value (p < 0.05).

ples were used to determine plasma zinc, creatinine,
and urea nitrogen concentrations as well as the T, and
T, levels.

Absorption studies. The absorption studies
were performed in a peristaltic pump (Perista min-
ipump; Atta) to drive the perfusate at a rate of 2 ml/
min through the inflow catheter into the intestinal seg-
ment as in our previous description [22]. To increase
the urine flow rate, we prepared the 450 mg/l ZnSO,-
7H,O perfusion solution in a 2% ethanol solution con-
taining 0.072% NaCl, 0.2% D-glucose, and 3 mg/ml
phenol red, buffered with 20 mM TRIS (tris[hydroxy
methyl]aminomethane, Sigma 7-9 biochemical buffer,
USA) to induce water diuresis. This was because the
2% ethanol solution has been shown to inhibit the se-
cretion of antidiuretic hormone by the posterior pitui-
tary [35].

Prior to zinc sulfate perfusion, intestinal zinc secre-
tion was measured in all investigated rats with a 40
ml, 2% zinc-free ethanol solution containing 0.072%
NaCl, 0.2% D-glucose, and 3 mg/ml phenol red buff-
ered with 20 mM TRIS, pH 6.2 and maintained at
37°C. The small intestine was perfused with this solu-
tion for 30 min to assess appreciable amounts of zinc
secretion through the intestinal wall, which may alter
the results of the absorption studies.

Before zinc sulfate perfusion, the basal pancreatico-
bilary juice and urine secretions were collected for 30
min to determine their secretion volume and amount
of zinc output. Next, the zinc sulfate was perfused to
study the effect of intestinal zinc absorption on the se-
cretion of bile and urinary zinc. The volume of pan-
creaticobilary secretion was determined by weight and
the result was used to determine the amount of output
in pancreaticobiliary zinc.

At the end of the experiment, blood was withdrawn
from the abdominal aorta. The liver was flushed with
20 ml heparinized 0.9% NaCl solution via the abdom-
inal aorta, and partial liver tissue samples were then
harvested to assay the content of liver zinc. The per-
fused intestines were immediately excised and opened

along the horizontal axis to remove the contents, then
washed twice in 30 ml ice-cold 0.9% NaCl solution.
The mucosal lining of the intestine was scraped from
the serosa with a glass slide and stored at —25°C be-
fore zinc, MT and total protein were measured.

Biochemical analysis. Routine methods were
used to measure the concentrations of plasma urea ni-
trogen, creatinine and albumin as well as the concen-
tration of urine creatinine on an automatic biochemis-
try analyzer (Express Plus, Ciba-Corning Diagnostics
Corp., Mass., USA). A urine protein assay kit (Bio-
Systems. SA, Costa Brava, Barcelona, Spain) was
used to measure the concentration of urine protein, as
described by Orsonneau ef al. [36]. An atomic absorp-
tion spectrophotometer (AAS) was used to determine
the concentrations of zinc and MT in all samples, in-
cluding plasma, urine, and tissue samples in a Perkin
Elmer 3110 AAS. Plasma urea nitrogen and creatinine
levels and the clearance of renal creatinine were used
to monitor the development of chronic uremia.

Determination of tissue Zn, MT and to-
tal protein levels. Fresh or frozen tissue samples
weighing about 0.4 g each, including liver and intes-
tinal mucosa were homogenized in 1 ml cold 0.25 M
saccharose solution with the use of a homogenizer
(PT 1200; Polytron). The tissue samples were homog-
enized at full speed for 1-2 min. Homogenates were
diluted with 1 ml cold 0.25 M saccharose solution and
then mixed and centrifuged at 650 x g for 10 min at
4°C to remove the particles.

The resultant supernatants were then used to meas-
ure the contents of zinc, MT and total protein. The
analysis of tissue total protein was performed on the
same automatic biochemistry analyzer (Express Plus,
Ciba-Corning Diagnostics Corp., Mass., USA) fol-
lowing Lowry’s method. A total of 0.2 ml of the re-
sultant homogenates was digested in a 95°C dry heat
bath with 0.2 ml 12 N nitric acid. The residue was then
dissolved in 2 ml deionized distilled water, and sub-
jected to AAS to determine zinc level. Zinc concentra-
tions in the intestine mucosa were expressed as plg/mg
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Fig. 1. A: Intestinal zinc absorption. Decrement in luminal perfusate zinc resulting from the absorption of intestinal zinc
in Eu-NxT and Hypo-NxT rats. B: Response of plasma zinc level. Increment in plasma zinc resulting from the intestinal
luminal perfusion of 450 mg// ZnSO,-7H,0 at a rate of 2 ml/min in Eu-NxT and Hypo-NxT rats. All values represent the mean
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Fig. 2. A: Pancreaticobiliary zinc secretion. Pancreati-
cobiliary zinc secretion during basal and 450 mg// ZnSO,-
7H,0 intestinal perfusion period in Eu-NxT and Hypo-NxT
rats. B: Urinary zinc excretion. Urinary zinc excretion dur-
ing basal and 450 mg// ZnSO,-7H,0O intestinal perfusion

protein, and in the liver tissue they were expressed as
ug/g wet weight. MT concentrations were measured
by the modified silver saturation hemolysate method
[37]. The procedure and calculation were described in
detail in our previous report [22].

Statistical analysis. The results are expressed as
mean * SE. Statistical software (SPSS, Chicago, I11.,
USA) was used to perform the statistical analysis. A
Student’s unpaired #-test and a one-way analysis of
variance (ANOVA) were used to evaluate the variance
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period in Eu-NxT and Hypo-NxT rats. All values represent
the mean = SE. Urinary zinc excretion significantly different
from values obtained from the Eu-NxT rats (*p < 0.05) and
obtained from the basal-Hypo-NxT rats (*p < 0.05) in B.

between the different groups. The area under the curve
(AUC) of the plasma zinc response and the alteration
of luminal perfusate zinc were calculated by using the
trapezoidal rule. These areas were examined by means
of ANOVA and compared with each other by using
Duncan multiple range tests. The differences were
considered significant at a p value less than 0.05.
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RESULTS

The levels of plasma creatinine and urea nitrogen in
the 5/6 Nx rats were approximately twice those of the
sham-operated normal rats (Table 1), and the renal
creatinine clearance (Ccr) was significantly lower than
in the sham-operated normal rats (Table 2). Thus, the
5/6 Nx rats appeared to suffer CRFE. In the 5/6 Nx rats
including Hypo-NxT and Eu-NxT rats, the excretions
of urinary protein and zinc as well as renal zinc clear-
ance (CZn?") and the ratio of CZn?"/Ccr were found to
increase compared with that in sham-operated normal
rats (Tables 1 and 2). Because the intake of dietary
zinc was not restricted in these 5/6 Nx rats so that
the features of zinc deficiency, such as anorexia and
growth retardation, were not observed in them includ-
ing Hypo-NxT and Eu-NxT rats (Table 1).

The metabolic effects in relation to hypothyroid
in 5/6 Nx rats are shown in Table 1. Serum T, and T,
levels were reduced significantly in Hypo-NxT rats
compared with Eu-NxT rats. There was no significant
difference in body weights and food intake between
the Hypo-NxT and Eu-NxT rats. Hypothyroid was
not found to affect the urinary protein excretion or the
urine flow rate in the 5/6 Nx rats.

The effect of hypothyroid on the renal handling of
zinc was presented in Table 2. The plasma zinc level
in the Hypo-NxT rats was significantly lower than in
the Eu-NxT rats, but the values of CZn>" and CZn?"/
Cecr ratio were not significantly different between the
Hypo-NxT and the Eu-NxT rats. Because the CZn?"/
Cecr ratio presented the same profile of fractional ex-
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cretion of zinc, the values of fractional reabsorption of
zinc (TRZn*") were calculated by 1 — CZn?*/Ccr ratio.
Thus the values of TRZn?* were not significantly re-
duced in Hypo-NxT rats. We expressed the fractional
reabsorption of zinc in terms of percentage.

During the 80-min perfusion period, the percent-
age of reduced zinc concentrations in the luminal per-
fusate in CRF rats with hypothyroid was significantly
less than that of CRF rats with euthyroid ( 8.7 = 1.8%
vs. 11.8 £ 2.1, p < 0.05). The response of the plasma
zinc level over time was performed in Eu-NxT and
Hypo-NxT and is shown in Fig. 1B. The variance of
area under the curve (AUC) for the change in the lu-
minal perfusate zinc levels (306.5 £ 28.9 vs. 408.9 +
32.5 pg/ml for 80 min, Fig. 1A) and the variance of
AUC for the response in the plasma zinc levels (36.3 £
1.5 vs. 31.2 £ 1.2 ug/ml for 80 min, Fig. 1B) demon-
strated a statistical significance between the Eu-NxT
and the Hypo-NxT rats (p < 0.05).

A 2% alcohol intestinal perfusion was performed
to induce water diuresis and the increase of urine flow
rate from mean 16.3 ul/min to mean 31.7 ul/min (Fig.
4B). The Hypo-NxT rats presented a high urinary zinc
excretion compared with Eu-NxT rats (Fig. 2B). Hy-
pothyroid was not found to increase basal zinc out-
put in pancreaticobiliary juice (Fig. 2A). The 80-min
intestinal zinc perfusion did not increase the output
of pancreaticobiliary zinc in Eu-NxT and Hypo-NxT
rats, but the excretion of urinary zinc significantly (p
<0.05) increased in Hypo-NxT rats (Fig. 2B). Follow-
ing this perfusion, the Hypo-NxT rats showed lower
contents of mucosal zinc and MT (Fig. 3, A and B) as
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Fig. 3. A: Content of mucosal zinc. The content of mucosal zinc after 460 mg// ZnSO,-7H,0 intestinal perfusion in Eu-NxT
and Hypo-NxT rats. B: Content of mucosal metallothionein. The content of mucosal metallothionein (MT) after 450 mg/I
ZnSO,-7H,0 intestinal perfusion. All values represent the mean = SE. The contents of mucosal zinc and MT significantly

differ from values obtained from the Eu-NxT rats (*p < 0.05).

Japanese Journal of Physiology Vol. 55, No. 4, 2005

215



S.-M. CHEN et al.

A
14 -
[ Eu-NxT

12 4 V71 Hypo-NxT
= —_ —_
© 10 4 * £
g E
© 2
; 8 N // 9
= ©
>
2 4. 3
o =
£ [0}
N £
& 4- S
2

2 -

i %

Fig. 4. A: Content of liver zinc. After 450 mg//ZnSO,-7H,0
intestinal perfusion, the content of liver zinc in Eu-NxT and
Hypo-NxT rats. B: Comparison of urine flow rate. The
comparison of urine flow rate between 2% alcohol diuresis
and 24-h basal urine collection in these 5/6 Nx with euthy-
roid and hypothyroid. The content of liver zinc significantly

well as a lower level of zinc in the liver compared with
that in the Eu-NxT rats (Fig. 4A).

DISCUSSION

In mammals, zinc is absorbed through the BBM of
small intestine from diet and transported through blood
to the tissues and cells where zinc is needed [38].The
present study demonstrated that reduced serum T,
and T, levels in rats with CRF decrease the absorp-
tion of intestinal zinc and the activity of renal tubular
zinc uptake, which confirms the report of Prasad et
al. [31] that hypothyroid had reduced the Zn?" uptake
activity in both intestinal and renal BBM. The thyroid
hormone status has been suggested to modulate zinc
transport activity in intestinal and renal BBM through
an alteration in the number of Zn?* transporters [31].
Thus in regulating the intestinal zinc absorption or uri-
nary zinc excretion, the numbers of Zn*" transporters
may play an important role because zinc transporta-
tion into and out of cells is completed by a series of
transporters [39]. Two families of zinc transporters are
identified in mammals [40—44]. The ZnT proteins ap-
pear to function either by transporting zinc out of the
cells or by sequestering zinc into intracellular com-
partments [40—42]. In contrast, the Zip proteins ap-
pear to function in the uptake of zinc into cytoplasm
[43, 44].
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different from values obtained from the Eu-NxT (*p < 0.05)
in A. The urine flow rate significantly different from values
obtained from the basal-Eu-NxT rats (*p < 0.05) and ob-
tained from the basal-Hypo-NxT rats (o < 0.05) in B. All
values represent the mean + SE.

In the present studies, we measured the intestinal
zinc absorption directly to evidence the effect of hy-
pothyroid on intestinal zinc absorption. The results of
the present study demonstrate that Hypo-NxT rats had
decreased intestinal zinc absorption because a low ab-
sorption rate was found during the intestinal zinc per-
fusion. The decreased intestinal zinc absorption may
result from the reduction of luminal zinc absorption
from the lumen into intracellular compartment, be-
cause zinc absorption in rat intestine has been consid-
ered to consist of two sequential stages (i) movement
from the lumen into the mucosal tissue, and (ii) move-
ment from mucosa into plasma compartments [45].
The decreased movement of zinc from lumen into
the mucosal tissue may reduce the content of mucosa
zinc and the transport of zinc across the basolateral
membrane to the plasma. This is possible because the
absorbed zinc from lumen is either integrated into in-
tracellular zinc pool(s) or is rapidly (within minutes)
transported across the basolateral membrane to the
plasma compartment [46]. A low content of mucosal
zinc and a low response of plasma zinc concentrations
were found in Hypo-NxT rats. Therefore the uptake
activity of zinc in intestinal BBM might be reduced in
Hypo-NxT rats.

MT is an intracellular metalloprotein and is present
in many organs of the body, especially the intestine,
liver and kidney. In the intestine, it may play a role
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in detoxification to prevent the potentially deleterious
actions of excessive zinc absorption thereby in the
intestine the MT is rapidly synthesized after zinc is
absorbed [47], thus preventing zinc toxicity because
MT can sequester the excess zinc [48]. The present
study demonstrated that after the 80-min intestinal
zinc perfusion, the Hypo-NxT rats had lower mucosal
zinc and MT levels than the Eu-NxT rats did because
Hypo-NxT reduces the absorption of intestinal zinc.
However, the direct effect of hypothyroid on intestinal
MT synthesis is not yet known.

After zinc has been absorbed into portal circulation,
it is bound to albumin and is then rapidly taken up by
the liver [47]. Therefore the liver zinc levels have been
shown to fluctuate as a result of transient changes in
dietary zinc status [49]. After the 80-min intestinal
zinc perfusion, the lower liver zinc level in Hypo-NxT
rats than in the Eu-NxT rat may thus be a result of
decreased intestinal zinc absorption.

The GI tract is the major pathway of zinc excre-
tion [50]. Fecal zinc consists of unabsorbed dietary
zinc and the excretion of endogenous zinc. Thus ad-
justment in fecal endogenous zinc excretion has been
suggested as the primary means of maintaining zinc
homeostasis, since a short-term dietary zinc restric-
tion can increase the absorption of intestinal zinc and
decrease fecal endogenous zinc loss [51, 52]. The
sources of intestinal endogenous zinc are mainly de-
rived from pancreas and biliary zinc secretion. These
results show that hypothyroid does not increase the se-
cretion of pancreaticobiliary zinc; however, decreased
intestinal zinc absorption may impair the balance of
plasma zinc because it may increase the excretion of
endogenous zinc from feces and impair the GI sys-
tem’s role in maintaining zinc homeostasis. It has been
suggested that the GI tract is a primary site to maintain
zinc homeostasis in mammals [53], since it controls
the absorption of dietary zinc and the excretion of en-
dogenous zinc. In zinc deficiency, the GI tract com-
pensates by increasing the velocity of zinc absorption
by brush border membrane vesicles. Inversely, in zinc
excess it decreases zinc absorption and increase en-
dogenous zinc excretion [47]. Therefore in Hypo-NxT,
the low plasma zinc level may partially attribute to the
reduction of intestinal zinc absorption. However, fur-
ther studies are required to elucidate the effect of hy-
pothyroid on the excretion of fecal zinc.

Hypothyroidism has been suggested to decrease the
Zn*" uptake activity in renal BBM [31], which may
reduce zinc reabsorption from the renal tubules and
then increase urinary zinc excretion, because most of
the filtered zinc is reabsorbed along kidney proximal
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tubules and/or distal tubules, averaging approximately
98.5-99.5% [54, 55]. The present study, however, in
using the 24-hours urine collection to evaluate the
handing of renal zinc, finds no increase in urinary
zinc excretion or decrease in the fractional reabsorp-
tion of zinc in Hypo-NxT rats. On the contrary urinary
zinc excretion is found to slight decrease (Table 2).
The result may be caused by the reduction of plasma
zinc level, which decreases the filtered load of zinc in
glomerular cells and minimizes the possible increase
of urinary zinc excretion as a result of the reduction of
tubular zinc reabsorption in Hypo-NxT rats. Because
the filtered load of zinc in glomerular cells is the major
source of urinary zinc excretion, in a nonpathological
condition or nondrug treatment the urinary zinc excre-
tion is suggested to be related to the plasma zinc level
[56]. Thus a low plasma zinc level and a low urinary
excretion of zinc have been found in patients with hy-
pothyroidism [57]. In the present study, we also find
that during intestinal zinc perfusion, urinary zinc ex-
cretion was found to increase, especially in Hypo-NxT
rats, which may result from the elevation of the plasma
zinc level after intestinal zinc perfusion.

In our previous study [24], we found that urinary
zinc excretion is positively related to urine flow rate.
Thus tubular flow rate can affect the reabsorption of
renal tubule zinc and alter urinary zinc excretion [58].
Therefore without alteration in plasma ultrafilterable
zinc status, some drugs have been found to enhance
the excretion of urine zinc because they inhibit the tu-
bular zinc reabsorption, such as citrate and mannitol
diuresis [58]. In the present study, by using 2% alcohol
to induce water diuresis we find that the Hypo-NxT
rats present a higher urinary zinc excretion than the
Eu-NxT rats do, especially during intestinal zinc per-
fusion. The result may be because increasing the urine
flow rate by alcohol diuresis worsens the abnormal-
ity of renal tubule zinc uptake activity in these Hypo-
NxT rats. This has resulted because hypothyroidism
has been suggested to decrease Zn?" uptake activity in
renal BBM [31]. Thus the results of the present study
have clearly demonstrated that hypothyroidism has in-
creased urinary zinc excretion when the tubular flow
rate is increased.
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