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Abstract

Both calcium and calcitonin are important in mediating gastrointestinal motility. Present study
tried to study what was the dominant role of calcitonin or calcium replacement on the gastric emptying
in thyroidectomized animals. Adult Sprague-Dawley male rats received thyroidectomy or sham
operation and then housed for two weeks until motility study, which was conducted using radiochromium
to measure gastric emptying. Before motility study these rats were i.p. injected with saline or human
calcitonin in the doses of 0.1, 1 and 10 ugM/kg, respectively. Another group of thyroidectomized rats
received i.v. infusion of saline or CaCl,; for 30 min before motility study. Among thyroidectomized rats,
neither saline nor various doses of calcitonin treatment disturbed gastric emptying compared to this of
sham operated rats. Thyroidectomy diminished plasma calcium level, however, additional calcitonin
treatment did not restore the suppressed calcium level (P<0.01). Of rats following saline or CaCl,
infusion, thyroidectomy did not change gastric emptying, whereas CaCl, infusion enhanced gastric
emptying (P<0.05). In conclusion, exogenous calcium treatment further enhances gastric emptying in
thyroidectomized rats, whereas calcitonin replacement has no effect on gastric emptying. We suggest
that calcium rather than calcitonin is dominant to mediate gastric emptying.
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Introduction

Intractable diarrhea is often encountered in
patients with medullary thyroid carcinoma while
surgical resection of this tumor immediately
ameliorates diarrheic symptom (1, 28). Based on the
observations shown i.v. infused calcitonin (CT)
leading to jejunal and ileal secretions of water and
electrolytes in normal humans, one of the
pathophysiological mechanisms responsible for the
diarrhea is thus suggested resulting from the
overproduction of CT in medullary carcinoma (7, 27).
Nevertheless, dysmotility may be the another
pharmacological effect of CT on gastrointestinal (GI)

tract. For example, the phenomenon of rapid colonic
transit and the subsequently decreased water
absorption is another mechanism known inducing
diarrhea in patients of medullary carcinoma (26). It is
of interest whether CT also leads to stomach
dysmotility. Actually, CT, a family of 32-amino acid
peptides secreted from C cells or parafollicular cells
of mammalian thyroid, has the hypocalcemic effect
(34). It has been indicated that CT delays human
gastric emptying (GE), irrespective of peptic ulcer
state (14, 15). Peripherally injected CT also inhibits
rat GE while GI transit remains unchanged. On the
other hand, centrally injected CT delays both stomach
and small intestinal motor functions (10). All these

Corresponding author: Dr. Full-Young Chang, M.D., Division of Gastroenterology, Veterans General Hospital-Taipei, 201 Shih-Pai Road,
Section 2, Taipei 112, Taiwan, ROC. Tel: 886-2-28757308, Fax: 886-2-28739318, E-mail: changfy @vghtpe.gov.tw
Received July 29, 1999; Revised August 3, 1999; Accepted August 18, 1999.



190 CHANG, LEE, DOONG AND WANG

pharmacological effects on GI tract are undergone
with an intact thyroid gland. Thyroidectomy does
remove the secretion of CT. In addition, the calcium
regulation exhibited as hypocalcemia is indeed
resulted since the parathyroid gland is concomitantly
removed. It is unknown what is the role of calcium or
CT replacement on GE in animals with removed
thyroid gland. Using the rat model present study tried
to resolve whether CT or calcium replacement is
important on GE in thyroidectomized (Tx) rats.

Materials and Methods
Animal Preparations and Gastric Emptying Measurement

Adult Sprague-Dawley male rats, 3-4 months
old, weighing 300-400 g were obtained from the
Animal Room of National Yang-Ming University.
All studied animals were housed under the controlled
conditions of light (06:00-20:00), humidity and
temperature (22+1°C). Standard laboratory chow
and water were available ad libitum. Rats received Tx
treatment in the following procedure. Under a transient
anesthesia using ether, the thyroid glands were
carefully removed and then the Tx-rats soon recovered
and housed for two weeks until motility study. Prior
to the motility experiment, these animals were
deprived of food but allowed free access to tap water
for 18 hr. Those rats received sham operation served
as controls. Sham operated (n=6) and Tx (n=7) rats
were intraperitoneally injected with normal saline
before the immediate oral feeding of motility marker.
While another three groups of Tx rats were
intraperitoneally injected with human CT (Sigma, St.
Louis, USA) in the doses of 0.1 (n=7), 1 (n=7) and 10
ugM/kg (n=6), respectively. The feeding of
radiochromium motility marker was achieved in the
conscious state with a temporarily placed orogastric
catheter (ID: 1.67 mm, OD: 2.42 mm, PE-205, Clay-
Adams, Parsippany, NJ, USA) and motility
measurement was undergone 15 min later after the
successfully feeding via orogastric catheter. GE was
assessed by the propulsion of the non-absorbable
motility marker within the GI tract (3). The main
composition of feeding solution was Na*'CrOy (1
mCi=37 MBq, Dupont, NEN Research Products,
Boston, MA, USA) with a radioactivity 0.5 pgCi/ml.
It was diluted with saline. The feeding amount for
each animal was adjusted to 1 ml/kg. The rats were
sacrificed by the guillotine 15 min since the oral
feeding of motility marker. Blood from decapitated
neck was collected to measure plasma calcium level.
The stomach and small intestine were quickly exposed
by a laparotomy. Both ends of stomach and ileocecal
junction of small intestine were ligated. Then the
whole stomach and small intestine were carefully

removed outside and divided. Finally, stomach and
small intestine were placed into the counting tubes to
count their radioactivities with a gamma counter (10/
880 Plus, ICN Biomedicals, Costa Mesa, CA, USA)
for one minute. GE is the percentage of radioactivity
of intestine divided by the total radioactivity recovered
from both stomach and intestine (3).

A separate group of Tx rats were employed
receiving either calcium or saline i.v. infusion to
assess the calcium effect on GE. These rats were
housed two weeks following either Tx or sham
operation using similar procedures did by the former
group. The right jugular vein and left femoral vein
were catheterized respectively with silastic tubing
connection (PE-50, OD: 0.965 mm, ID: 0.58 mm,
Clay Adams) under pentobarbital anesthesia (30 mg/
kg) on the day before motility study. Sham operated
(n=7) and Tx (n=7) rats received i.v saline infusion
via right jugular vein in the rate of 1 ml/300 gm/30
min for 30 min immediately before the feeding of
radiochromium marker. In addition, another Tx rats
(n=7) just received i.v infusion of 1% Ca Cl, (1 gm/
100 ml) via right jugular vein in the rate of 1 m1/300
gm/30 min for 30 min until the orogastric feeding of
radiochromium marker. All studied rats were
sacrificed 15 min following the successful feeding of
radiochromium marker. GE was measured using
similar procedure. The blood samples were
intermittently collected via the implanted femoral
vein before, during and at sacrifice, respectively to
measure plasma calcium levels by an electrolyte
analyzer (EFOX 5053, Eppendorf, Hamburg,
Germany).

Statistical Analysis

All values were expressed as meanxSE,
numerical data were analyzed by using a one-way
analysis of variance (ANOVA) with post Dunnett’s
test. A p value less than 0.05 was considered to be
significant.

Results

When the rats received sham operation and an
intraperitoneal saline treatment, the GE seen at 15
min was 69.315.6%. Thyroidectomy plus i.p saline
injection in rats did not disturb GE (62.5%7.1). On the
other hand, the GEs of Tx rats received i.p. CT
treatment in the doses of 0.1, 1 and 10 ugM/kg were
73.9£2.9%, 71.2+3.6% and 67.414.6%, respectively.
Their differences compared to these of sham operation
or thyroidectomy plus saline treated rats were not
significant. Plasma calcium level of sham operated
rats was 2.09£0.03 mmol/L. Thyroidectomy elicited
a lower plasma calcium level while i.p. CT treatment
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Fig. 1. Plasma calcium levels of studied rats measured during sacrifice.
Removal of thyroid gland diminished plasma calcium level in
thyroidectomized (Tx) rats compared to this sham operated rats.
Additional calcitonin (CT) i.p. treatments did not alter the already
suppressed calcium levels. (*: compared with sham treated rats, P
<0.01). Vertical bars above columns are SE.

in any doses did not restore the already suppressed
calcium levels (P<0.01, Fig. 1).

In the separate group of rats received either
saline or CaCl, infusion, the GE (60.6+2.4%) of sham
operated rats following saline infusion was not
different from this of Tx rats received saline infusion.
In contrast, GE of Tx rats received CaCl, infusion
was significantly enhanced (P<0.05, Fig 2). Plasma
calcium level of sham operated rats before saline
infusion was 2.15+0.09 mmol/L. Saline infusion in
these rats did not alter calcium level throughout the
whole infusion period even at sacrifice. Both Tx
groups had suppressed plasma calcium levels in
comparison with this of sham operated rats (P<0.01).
Infusion of CaCl, immediately restored hypocalcemia
(P<0.01) while this elevation remained elevated at
sacrifice (P<0.05). The characteristic alteration of
calcium level was not encountered in Tx rats received
saline infusion (Fig. 3). '

Discussion

Present study mainly indicated that GE in rats
following thyroidectomy remained unchanged.
Thyroidectomy has several pathophysiological
impacts on hormone production. Most importantly, it
removes thyroid gland in turn resulting in
hypothyroidism. Hypothyroidism per se displays
various GI motor dysfunctions, e.g. constipation and
adynamic ileus (21, 31). The decreased small intestinal
slow-wave frequency in hypothyroidism is responsible
for one of mechanisms mediating GI disturbance (4).
Among human stomach the effect of hypothyroidism
on GE is debatable. Some hypothyroidism patients

Gastric Emptying, %
3

Tx+CaCl2

Fig. 2. The effect of saline or CaCl2 infusion on the gastric emptying in
thyroidectomized (Tx) of sham operated rats. Saline or CaCl, was
already infused for 30 min before feeding motility marker. Thy-
roidectomy did not alter gastric emptying, whereas CaCl, infu-
sion enhanced gastric emptying (*: compared with sham treated
rats, P<0.05). Vertical bars above columns are SE.

Sham+saline Tx+saline

are reported to have bezoars owing to delayed GE (9).
Scintigraphy study confirms the impaired solid GE in
hypothyroidism patients (17). The pathogeneses of
impaired GI motor function in these patients include
autonomic neuropathy, disturbed conduction in
myoneural junction, intestinal ischemia and chronic
inflammatory changes in stomach (16, 17, 27).
However, a wide variation-of individual GE data was
found in hypothyroid patients before and after
thyroxine treatment while their half GE times remained
delayed (16). In contrast, solid GEs studied in
euthyroid and hypothyroid subjects are similar (8).
Moreover, literature also illustrates the unchanged
liquid GE in hypothyroidism patients while their GE
remained similar after thyroxine replacement until
the euthyroid state (6). Our study shown unchanged
liquid GE in Tx rats was somewhat similar to the
latter study.

To the best of our knowledge, at least the role of
CT to mediate GI motility in hypothyroidism subjects
has not been mentioned or studied. Thyroidectomy
also removes the CT secretion from its original thyroid
C cells and thus the regulation of calcium is in turn to
be disturbed (23, 34). Finally thyroidectomy removes
parathyroid gland which mainly maintains the
extracellular calcium concentration and is necessary
in the physiological homeostasis concerning calcium
metabolism. Hence hypocalcemia is invariably
resulted as obtained in our study (24).
Hypoparathyroid patients have obvious small
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Fig. 3. Plasma calcium levels of studied rats measured before infusion, at
the end of infusion and after sacrifice. Saline infusion did not
change the plasma calcium level of sham treated rats. Hypocal-
cemia seen in the thyroidectomized (Tx) rats remained unchanged
after saline infusion. Instead, CaCl, infusion quickly restored the
hypocalcemia of Tx rats even to hypercalcemia at the end of
infusion (*: compared with this before infusion, P<0.01, #:
compared with this before infusion, P<0.05). Vertical bars are SE.

intestinal and colonic hypomotility disorders such as
distension, nausea, vomiting, constipation and
steatorrhea (24, 30). For the GE it is unknown whether
GE is impaired. Instead, familial polyendocrine failure
syndrome patients including hypoparathyroidism have
varying degrees of gastric atrophy with anti-parietal
cell antibodies, it is probably that GE may be disturbed
(32). Our study confirmed the existence of
hypocalcemia after thyroidectomy while exogenous
CT replacement did not restore the thyroidectomy
elicited hypocalcemia. Similarly, an i.v. bolus CT
treatment does not change human serum calcium
level (11, 15, 18). It is obvious that exogenous CT
replacement is ineffective in the regulation of
thyroidectomy elicited hypocalcemia. Some GI upsets
such as nausea, abdominal cramp and diarrhea are
usually encountered in patients receiving CT treatment
(20). Likewise, the observations showing delayed
solid GE in humans has been one of CT elicited side
effects (12, 13, 15, 29). The major peptides or
mechanisms likely involving the inhibited human GE
during CT treatment include transiently elevated
gastrin level, hyperglycemia with reactive
hyperinsulinemia, and the inhibited vagal activity. In
addition, CT also suppresses the serum motilin level
(5,29). It looks that these CT related effects are
responsible to delay human GE. We did not observe
such an inhibitory effect on GE in thyroidectomy plus
CT treated rats. It is most likely that species difference
may account for a variety of pharmacological effects
after systemic CT administration (25, 34). For
instance, the employed human-CT in our study often

has a less pharmacological potency compared with
those of eel- or salmon-preparation (23). Eel-CT
inhibits stomach migrating motor complex phase III
and suppresses calcium level while the duodenal but
not the ileal contraction is inhibited, irrespective of
the unchanged motilin level (23). Alternatively, the
salmon-CT in human study induces intestinal phase
IIT activity with reduced duration of migrating motor
complex but these effects are not observed in the
stomach (5). We suggest that human-CT conducted
in our rat study is less effective to display a
pharmacological influence on GE. It is of interest
whether a previous thyroidectomy may restore the CT
inhibited GE. Based on our observation shown no
influence of thyroidectomy on GE, this suggestion of
thyroidectomy restoration is unlikely existed.

Our study pointed out that thyroidectomy with
concomitant hypocalcemia was not associated with
disturbed GE. In contrast, hypercalcemia, although
showing gradual decline, remained to be observed
from the end of calcium infusion until the rat sacrifice.
This hypercalcemic state was associated with
enhanced GE. Our study probably suggests that
calcium is an important mediator to enhance GE in Tx
rats. Intracellular free calcium ion movement is
essential in mediating the functions of muscle
contractile proteins and the subsequent intracellular.
mechanisms, also its influx involving the voltage-
dependent calcium channels to generate action
potentials (22). On the smooth muscle cells,
contractile activity is modulated by the levels of free
intracellular calcium. At higher levels, contractile
proteins interact and the muscle contraction ensuing
(33). Any significant change in the calcium
homeostasis would therefore induce severe
physiological responses including GI motor
disturbance (2). Our study showing enhanced GE
after calcium infusion probably confirmed the
hypercalcemic effect on GI motility. Since exogenous
CT did not has similar effect on GE and restored
calcium level in Tx rats. We suggest that direct
calcium influence on rat GE is dominant than this of
CT. In conclusion, thyroidectomy has no definite
effect on GE, however, exogenous calcium rather
than CT replacement enhanced GE suggests that
calcium is dominant in mediating GE in Tx rats.
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