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Effects of estradiol on carbenic anhydrase and Mg2+—HCO§-—ATPase
activities in rat duodenal microvilli and kidney tubules

CHEN Hui',
Uchinada, Ishikawa 920-02, Japan)

ABSTRACT The cyvtosel carbonic anhydrase (CA)
and microvillus membrane M g2 —dependent, HCO—
stimulated ATPase (Mg?'—~HCO;—ATPase} activitics
implicated in ion transport were determined in
duodenal mucosa and renal tubule of ovarectomized
and estradiol (E,)—treated ovariectomized rats. CA
and Mg¥—HCO;-ATPase activitics in duodenum re-
mained unchanged after ovariectomy, and sc E; 200
ug » d71% 7 d decreased the activity of CA  Both the
enzymes in kidney exhibited a similar sensitivity to
ovariectomy. and the Jlowered activity of
Mg“-—HCO;—ATPasc following ovariectomy was re-
stored to ncar normal after administration of E,.

These results suggest that E; may be a factor in regu-
lation of the above enzymes from the duodenum and
kidney of rats. the regulation of E; on these 2
enzymes in rat ducdenum is greatly different from that
in rat kidney.

KEY WORDS estradicl, carbonic anhydrase,
magnesium adenosine triphosphatase,  microvilli;
duodcenum; kidney tubulcs

Recejved 1589 Jun 23 Accepted 1991 Mar 15
! Now in Depariment nf Clinical Pharmacology .
Tongsi Medical University, Hankow 430030, China

SUZUKIT Shiro {Department of Pharmacology,

Kanazawa Medical University,

Estrogen receptors have been described 1o
a number of nonrcproductive target tissucs,
including kidney. liver, gui, heart and
brain. The induction of estrogen on some
enzyme sysiems, for example, 16—hydroxy—
steroid dehydrogenase, carbonic anhydrase
and Na*—K*"—ATPasc was reported in various
tissues. CA in the  cytlosol and
Mg"'—HCO,;—ATPase in the brush border
membrane of duodenal mucosa and renal
tubule are thought to be relaicd 10 several
1omic transporis across the membrane, yet lit-
tle is known of the biochermical elfect of
estrogen on these enzymes in duodenum and
kidney. In this paper. both CA and
Mg”*~HCO;-ATPasc aclivitics of duodenal
mucosa and renal tubule from ovariectomized
and E,—treated ovaricctomized rats were cx-
amnined 1o clatify the effect of estrogen in the
enzyme level.

MATERIALS AND METHODS

Rats
SD1og,

Wistar § rats, waeighing 196 +
were used, Bilateral ovancctomics
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were performed dorsally 3 wk prior to the ex-
periment, E,—treated rats were given sc E,
200 pg- d'x 7 d started at 2 wk after
ovanectomy. All rats were fed a standard
rat—chow (Dviental Co, Japan) and main-
tained on tap water ud fib at toom temperature
(23+ 2T ) with a 12—h light and 12—h darkness
cycle.

Chemicals Disodium adenosine—5—
triphosphate (Na,—ATP) was obtained from
Boehringer (FRG). estradiol benzoate from
Mcrck—Banyu Co (Japan}). Other chemicals
were all reagent grade,

Sample preparation Rats were under
The entire intestine
was perfused via the portal vein and abdomi-

pentobarbital angsthesia,

nal aoria with cold heparin—saline to minimize
the tissue by carbonic
anhydrase—rich grythrocytes, The duodenal
portion, approximalely 12 cm in length, was
excised from the pylorus. The right kidney
was decapsulated and pieces of cortex were
used as kidney samples. The duodenal
mucosa was scraped out with a glass slide and
weighed. The crude brush border membrangs
were prepared by calcium precipitation proce-
dure similar to that reported™.  All manipu-
lations were carried out at 0—4C , and all
samples were stored at —20TC until use,
Enzyme assay CA activity was meas-
ured by colorimetric method™”. Mg**—
HCO;—ATPase activity was assayed in a
manner described by Susuki er af¥. The re-
leased inorganic phosphate (P) was deter-
mined colorimetrically’™”. Protein content was
determined by Folin—phenol method using
crystalling bovine serum albumin (Sigma) as
standard. All of the results were given as x £
SD. The P values were calculated by ¢ test.

contamination

RESULTS

Effect on CA activity Changes in the

cytosol CA activity of duodenal mucosa and
kidney tubule are shown in Fig 1. The activity
of CA in duodenum did not change until 2 wk
after ovariectomy, and administration of E,
200 pg « d7'x 7 d to ovaricctomized rats low-
ered the specific activity of this enzyme,
Ovariectomy markedly inhibited renal CA ac-
tivity, but there was no significant change on
this enzyme activity in ovariectomized rats af-
ter treatment with E,.

Effect on Mg* —HCO;—-ATPase activity

Mg*—HCO;—ATPasc activity in brush
border fraction of duodenal mucosa was not
significantly altered by ovariectomy. and E,
administered to ovariectomized rats had no in-
fluence on this ATPase. The specific activity
of Mg?*—HCO;—ATPase in kidney microvillus
membrane was decreased at 2 wk after
ovariectomy, and replacement with E, in a
dose of 200 ug on 7 consecutive days restored
the lowered enzymatic activity to control levels
(Fig 1).
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Fig 1. Effects of ovariectomy and sc estradiol (E,) (200
ug » 7' % 7 d) om CA amd Mg®*-HCO;-ATPase activl-
tles in dwodenum and kidney of rats. A) ovarlectomized
groap. B) E,—treated ovarlectomized group. n=6, x

+ 8SD. “P>005. “"P<0.05, “""P<0.01 is con-
trol {(C). *P>0.05  “YP<0.05 vs ovarectomized
group.
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DISCUSSION

CA is a zinc metalloenzyme which
catalyzes the reversible hydralion of carbon
dioxide, and may be related to the membrane
transport of protons and bhicarbonale ions n
organs of secretion. Ths present studies con-
firmed the dcpressing cffect of E; on CA ac-
tivity in duodenal mucosa of rats. This find-
ing suggests thal duodenal CA is a larget
enzyme of E; action and the effect of E, acts
through inhibiting synihesis of the enzyme
protein.

The biochemical basis of the effect of
eslrogen 1s not yct undersiood. It has been
reporied that the treatment wilh
acctazolamide, a specific inhibitor of the
CA. induced a diminution of acid
secretion® and an improvement of pastric
microcirculation by enhancing local blood
flow™. The cstrogen lreatment was associ-
ated with a decreased morbidity of peptic
ulcer®. Tt was postulated that E, induced a
decrease of CA activity by lowcring enzyme
synthesis. and the effect of E,;, therefore,
may act as a factor in the proteclion of
duodenal mucosa. In the present
experimment, it was not shown that the CA ac-
tivity of rat kidney was aflected by E,
replacement.

Duodenal Mg**-HCO,—-ATPase is
thought to be implicated in the process of
HCO5 transport. The present work indi-
cated that the duodenal ATPase was indepen-
dent of E, treatment.

In this study, we also observed E;—in-
duced increase in Mg>*—~HCO;—ATPase acti—
vitv of rat kidney. The above activation of
xne ATPase by E, may be duc to cnzyme pro-
tein synthesis. and suggests a role of this
hormone in maintaming Lthe ATPase activity
which is involved in HCO; ceabsorption and
H* secretion in rat renal tubule. With re-
spect to the functional significance of esirogen

« 221 -

in kidney, it has been rcported that the
E,—induced antinatriuresis is mediated by
Na*-K*- ATPase of ral renal cortex®™.

Howcver, there was no sufficient evidence to
dernonstrate the action of estrogen in kidncy
function.

These resulls suggest that E; may playa
role in the regulation of the activilics of CA
and Mpg’*-HCO;-ATPase from rat
duodenurn and kidney. thc sensitivity of
duodenum and kidney to the action of E; on
the above enzyme activities is diffcrent.
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Pharmacokinetic—pharmscodynamic model of magne-
slum sulfste In - treatment of pregoascy-induced
hypertenslon

CHEN Gang. LU Jian—Feng, CAQ Wen
(General Hospital of Nanjing Armed Forces, Nanjing
210002, China)

ABSTRACT Ten pregnancy—induced hypertension
gravidas aged 24—36 (28.1+ 3.31) yr were infused v
with fast (7.5 g in 1 h) and slow (7.5 g in 5 h) rates con-
secutively. Blood pressure were measured and bload
samples were collected at 0, 1, 6. 7, 9, 11, “15h.
The drug concentration of cach sample in the serum
was determined by colorimetric method. The inte
grated pharmacokinetic and pharmacodynamic model
was used to analyzc the data, The serum data were
fitted to a biexponential equation and the effect data
were fitted to a sigmeid E_,, model. Their
pharmacodynamie parameters were: k= 0.52 - b,
Ti, ,= V33 h, E = 205%, C (50) = 6.15
ug - ml™Y y= 3.64. k_ wasnotequaltok, ofthe
mammillary model. It shows that the site of action is
situated in the effect compartment. The predicied ef
fect could last 24 k.

KEY WORDS hypertension: magnesium sulfate;
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intravenous infusions:
pressure

pharmacokinetics:  blood
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