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OBJECTIVE— To examine endothelin-1 (ET-1) concentrations longitudinally throughout
pregnancy in healthy and insulin-dependent diabetic women and to evaluate the relationship
between ET-1 and big ET-1 in normal pregnancy.

RESEARCH DESIGN AND METHODS— Venous blood samples were obtained con-
secutively in gestational weeks 18, 28, and 38 from 40 healthy women with uneventful preg-
nancies and 24 pregnant women with 1DDM. By radioimmunoassay, plasma ET-1 and big ET-1
were analyzed in the healthy women and plasma ET-1 in the diabetic women.

RESULTS — In the diabetic pregnant women, plasma ET-1 levels were significantly higher
than in healthy pregnant women during the entire observation period (P < 0.001), but did not
change with advancing gestational age. Five of the diabetic, but none of the healthy pregnant
women, developed preeclampsia. ET-1 levels did not differ between the diabetic women who
developed preeclampsia and those who did not. Plasma ET-1 levels in healthy pregnant women
were within the range of those in healthy nonpregnant women and did not change during preg-
nancy. The big ET-1 levels increased and the ET-l/big ET-1 ratio decreased significantly dur-
ing the observation period.

CONCLUSIONS— Plasma ET-1 levels do not change with advancing gestational length.
During normal pregnancy, the ET-l/big ET-1 ratio decrease, indicating a suppressed convert-
ing enzyme activity or altered clearance of ET-1. Pregnant women with IDDM have markedly
elevated ET-1 levels. Although diabetic women with and without preeclampsia did not differ
with respect to endothelial dysfunction, as reflected by elevated ET-1 concentration, we can-
not exclude that altered endothelial function may be of importance for the increased frequency
of preeclampsia in pregnant IDDM patients.

Much attention has been paid to the
importance of endothelin-1 (ET-1)
during pregnancy and delivery. On

account of its contractile effect on the
myometrium, involvement of ET-1 in the
initiation and maintenance of labor has
been proposed (1). It has also been sug-
gested that in view of its potent vasocon-
strictive properties, ET-1 may be of
pathogenetic importance in the develop-
ment of pregnancy-associated complica-
tions with reduced uteroplacental blood
flow, such as preeclampsia (2).

ET-1 is produced from a biologically
inactive propeptide, big ET-1, by enzymatic

cleavage. Inhibitors of this cleavage have
been suggested as effective means of pre-
venting production of endothelin in circum-
stances where it may play a pathogenetic role
(3). The ratio between the concentrations of
ET-1 and big ET-1 reflects the conversion of
big ET-1 to ET-1. This ratio is reduced in
nonpregnant patients with diabetes (4) and
in normal pregnant women, as compared
with healthy nonpregnant women, but
increased in preeclamptic women, as com-
pared with healthy pregnant subjects (5).

During normal pregnancy, the cardio-
vascular system undergoes functional
changes characterized by an expanded
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plasma volume, reduced peripheral resis-
tance, increased cardiac output, and
decreased sensitivity of the vascular bed to
vasoconstrictors, resulting in a reduction of
blood pressure (6). In women who develop
preeclampsia, this physiological adaptation
fails to occur, resulting in increased vascu-
lar tone and an increased sensitivity to
vasopressors, with a consequent rise in
blood pressure. There is an accumulation
of evidence that endothelial cell dysfunc-
tion is involved in the pathogenesis of this
pregnancy-specific disorder (7,8). In this
context, it is of interest that women with
microvascular diseases such as diabetes,
possibly due to underlying endothelial dys-
function (10), run an increased risk of
developing preeclampsia (11). ET-1 is con-
sidered a marker of endothelial injury, and
the elevated plasma ET-1 concentrations
found in preeclamptic women are regarded
as the consequence of endothelial damage
(12). In fact, endothelial cell injury in dia-
betes and preeclampsia might have an
additive effect and possibly explain the
increased frequency of preeclampsia in
diabetic pregnancy.

The aim of the present study was
twofold. First, to compare the plasma ET-1
concentrations between healthy pregnant
women and pregnant women with IDDM
at different gestational ages and, second, to
evaluate the effect of gestational age on ET-
1 and its precursor, big ET-1.

RESEARCH DESIGN AND
METHODS — Initially, 40 healthy preg-
nant women and 24 pregnant women with
IDDM with a mean disease duration of 12
years (range 1-27 years) were consecu-
tively recruited to this longitudinal
prospective study The healthy pregnant
women were recruited from the antenatal
care unit and the IDDM subjects from the
antenatal high-risk unit, covering a catch-
ment area of ~500,000 people. All of the
diabetic subjects and 37 of the healthy
pregnant women fulfilled the sampling
procedure at all three sampling occasions at
18, 28, and 38 weeks of gestation. Three
healthy women withdrew from the last
sampling at 38 weeks. One of them had a
preterm delivery and two had moved to
other districts. The plasma concentrations
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Table 1—Plasma levels of ET-1 in pregnant women and levels of ET-1, big ET-1, and the ET-
1/big-ET-l ratio in healthy pregnant women at gestational week 18, 28 and 38

Gestational age ET-1 (pmol/1) Big ET-1 (pmol/1) ET- 1/big ET-1
(weeks)

18
28
38
Nonpregnant
women

Diabetic

2.45
2.45
2.73

±0.17
±0.15
±0.19

1
1
1
1

Healthy

.36 ± 0.08

.24 ± 0.06

.28 ± 0.09

.16±0.06§

Healthy

2.22
2.54
2.82

±0.13

±0.15
±0.21

Healthy

0.65 ± 0.05
0.52 ± 0.04
0.49 ± 0.04:t:

Data are means ± SE. P < 0.01 vs. ET-1 concentration in healthy pregnant women during the same gesta-
tional week. P < 0.05 vs. big ET-1 in the 18th gestational week. fP < 0.05 vs. ET-1/big ET-1 in the 18th
gestational week. §From Fyhrquist et al. (13).

of the substances analyzed in these women
did not differ significantly from those in the
other normal pregnant women at any sam-
pling time and were therefore included in
the study. The remaining healthy pregnant
women sustained a normal pregnancy.
Among the diabetic patients, seven exhib-
ited vasculopathy (i.e., Whites Class D;
mild retinopathy, n = 7, or hypertension, n
= 1), whereas none showed nephropathy.
In previously normotensive women,
preeclampsia was denned as blood pressure
^140/90 and proteinuria exceeding 300
mg/24 h after 20 weeks of gestation. In one
patient with chronic hypertension, super-
imposed preeclampsia was defined as a
blood pressure increase of > 30/15 mmHg
compared with first-trimester recordings
and addition of proteinuria, as above.

Blood samples were obtained from an
antecubital vein, collected into heparinized
tubes and centrifuged, and the plasma was
separated and stored at —20°C until ana-
lyzed. The study was approved by the local
ethics committee and all women gave their
informed consent to participate.

Plasma ET-1 was determined by
radioimmunoassay (R1A) after solid-phase
extraction on Bondelut C18OH micro-
columns, as described by Fyhrquist et al.
(13). The immunoreactive material
detected in human plasma from nonpreg-
nant and pregnant women by this method
was shown by high-power liquid chro-
matography to coelute with synthetic ET-1,
but not with ET-2, ET-3, or big ET-1. The
limit of detection was 0.3 fmol/tube, and
the within- and between-assay coefficients
of variation were 12 and 17%, respectively.

Before assay of big ET-1, the samples
were extracted with 2 ml acid ethanol. After
centrifugation, the supernatants were
decanted and dried in a 54°C water bath
under a nitrogen stream. The RIA was per-

formed in a 100 mmol/1 phosphate buffer,
pH 7.4, containing 50 mmol/1 NaCl, 0.1%
NaN3, and 0.1% bovine serum albumin.
The samples were incubated for 3 days at
4°C with B6 rabbit antiserum (14) before
addition of iodinated big ET-1 (Amersham,
Bucks, U.K.), followed by incubation for 1
more day. Bound and free fractions were
then separated by a solid-phase second
antibody technique (SacCel, IDS, Boldon,
U.K.). The cross-reactivity of the B6 anti-
serum was as follows: big ET-1 (1-38),
100%; big ET-1 (22-38), 35%; ET-1,
<0.007%.

Detection limit and between-assay
coefficients of variation were 0.4 fmol/tube
and 6%.

Statistical analysis
Statistical analyses were performed by
analysis of variance with repeated meas-
urements followed by Student's t test for
dependent and independent variables cor-
rected for multiple comparisons. Frequen-
cies were compared by Fisher's exact test. P
values <0.05 were considered statistically
significant. Data are expressed as means ±
SE or as medians and ranges, where appro-
priate.

RESULTS— Among the diabetic women,
those with vasculopathy (n = 7) did not dif-
fer from those without vasculopathy (n =
17) with regard to the plasma ET-1 concen-
tration on any sampling occasion (18 weeks:
2.32 ± 0.29 vs. 2.48 ± 0.20; 28 weeks: 2.41
± 0.21 vs. 2.47 ± 0.19; 38 weeks: 3.06 ± 0.33
vs. 2.61 ± 0.22). These subgroups were
therefore pooled in the subsequent analysis.

The mean plasma ET-1 levels in the
diabetic pregnant women were significantly
higher (approximately twice those in the
healthy pregnant women) on all three sam-
pling occasions (P < 0.001). The ET-1 con-

centration in the diabetic group did not
change during pregnancy. Five of the dia-
betic patients developed preeclampsia
(21%). As shown in Table 2, the mean ET-
1 levels in these five women did not differ
significantly from those of the diabetic
women who did not develop preeclampsia.
Age, parity, and duration of IDDM did not
differ significantly between the two sub-
groups. On the contrary, women with vas-
culopathy tended to have an increased risk
for developing preeclampsia (3/7 vs. 2/17;
P = 0.13, Fisher's exact test).

Mean concentrations of ET-1, and big
ET-1 and the range for plasma ET-1 in
healthy nonpregnant women, using the
same method and laboratory (13), are
given in Table 1. The plasma ET-1 levels in
healthy pregnant women were within the
range of those in normal nonpregnant
women (13) and, as for the IDDM pregnant
women, did not change during pregnancy.

Big ET-1 was significantly higher than
ET-1 (P < 0.01). Contrary to ET-1, the big
ET-1 levels tended to increase with increas-
ing length of gestation and were signifi-
cantly higher in the 38th gestational week
than in the 18th week (P < 0.05). Conse-
quently the ET-1/big ET-1 ratio decreased
from week 18 to week 38 (P < 0.05).

CONCLUSIONS— The complication
of a diabetic pregnancy by preeclampsia is
of concern because of the greatly increased
fetal morbidity and mortality seen in this sit-
uation. Several reports demonstrate an
increased incidence of preeclampsia in dia-
betic pregnancies (15-17). In our limited
material, women with vasculopathy, i.e.,
retinopathy or hypertension, showed an
increased incidence of preeclampsia com-
pared with those without vascular compli-
cations. This is in accordance with the
results of a meta-analysis demonstrating a
doubling of the preeclampsia rate in White
Classes D, F, and R compared with White
Classes B and C (17). It has been argued
that the high incidence of preeclampsia was
related to inclusion of Class F diabetic
patients in previous studies. Many IDDM
patients with nephropathy are hypertensive
and show an aggravation of these symptoms
during pregnancy. Thus, it is impossible,
with certainty, to make the diagnosis of
superimposed preeclampsia in Class F dia-
betic patients. In a prospective study, Garner
et al. (18) demonstrated that even when
Class F diabetic patients and those with
chronic hypertension were excluded, the
overall incidence of preeclampsia still was
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considerably increased in diabetic subjects
as compared with the nondiabetic inci-
dence. Thus, vasculopathy does not seem to
be a prerequisite for the development of
preeclampsia in women with IDDM.

Endothelial cell dysfunction probably
plays an important role in the pathogenesis of
preeclampsia (7-9) and is a well-recognized
feature of diabetes. Thus, increased plasma
ET-1 concentrations have been demonstrated
in nonpregnant patients with IDDM (19).
Furthermore, Drury et al. (20) have shown
that this patient group has an increased vaso-
pressor response to angiotensin II. Altered
endothelial function is regarded as an early
sign of vascular disease developing even
before clinical signs, such as hypertension or
vasculopathies, are evident. Accordingly,
Stroes et al. (21) demonstrated endothelial
dysfunction with impaired endothelium-
dependent vasodilatation in hypercholes-
terolemic patients at risk for arteriosclerosis
but without evident arterial disease. Our
finding of similar ET concentrations in sub-
jects with and without vasculopathy is in
agreement with this concept.

After completion of blood sampling
from the IDDM patients, we were intrigued
by their relatively high ET-1 concentrations
and felt it important to compare them with
those of healthy pregnant women. Because
at that time we had the possibility of deter-
mining big ET-1 concentrations, this assay
also was included in the normal pregnancy
group. Accordingly, we found that pregnant
women with IDDM had approximately
twice the ET-1 concentration found in nor-
mal pregnancy None of the normal preg-
nant women, but five (21%) of the patients
in the diabetic group, developed preeclamp-
sia. Because the mean ET-1 levels in these
five women did not differ significantly from
those in the diabetic women who did not
develop preeclampsia, it may be concluded
that ET-1 levels in pregnant diabetic women
cannot be used as markers for prediction of
preeclampsia. This finding also suggests that
factors other than endothelial dysfunction,
as reflected by elevated ET-1 concentration,
are necessary to develop preeclampsia in
pregnant patients with IDDM. Increased
thromboxane formation reflecting platelet
activation has been demonstrated in dia-
betic pregnancy (22).Whether this aug-
mented platelet activation is triggered by
endothelial injury or is due to an inherent
platelet dysfunction in preeclampsia remains
to be elucidated.

Previous investigations of ET-1 con-
centrations in plasma during normal preg-

Table 2—Clinical characteristics of the IDDM patients with and without preeclampsia

n
Age (years)
Nulliparity
Vasculopathy
Duration of diabetes (years)
BMI
ET-1 concentration 18 weeks (pmol/1)
ET-1 concentration 28 weeks (pmol/1)
ET-1 concentration 38 weeks (pmol/1)

Preeclampsia

5
29 (26-33)

2/5
3

17(6-27)
25.6 ±1.9
2.49 ± 0.30
2.35 ±0.28
2.98 ±0.37

No preeclampsia

19
29 (18-37)

8/19
4

11(1-21)
25.9 ±3.6
2.42 ±0.19
2.47 ±0.17
2.68 ±0.22

Data are n, means ± SE, or median (range).

nancy have yielded contradictory results,
some showing increasing levels throughout
pregnancy (23,24) and others no change
(24,25) or even a decrease (26). These
studies, however, were cross-sectional. We
have chosen to follow up the same women
consecutively on three occasions during
their pregnancies to determine whether any
longitudinal changes in circulating ET lev-
els occurred and to try to clarify the activ-
ity of the endothelin system at different
gestational lengths.

The plasma ET-1 levels during normal
pregnancy were similar to those in non-
pregnant humans using the same assay
method and laboratory (13) and did not
change during pregnancy, whereas the big
ET-1 levels tended to increase with advanc-
ing pregnancy. Accordingly, the ratio of
plasma ET-1 to plasma big ET-1 decreased
throughout pregnancy, implying a reduc-
tion of converting enzyme activity. The
plasma half-life of big ET-1 in the human
circulation is considerably longer than that
of ET-1, and measurements of plasma big
ET-1 levels might therefore be the best
approach for investigating the secretory
activity of the ET-1 system (14). Our results
thus indicate that the activity of this system
increases throughout normal pregnancy.
Increased clearance of ET-1 during preg-
nancy may offer an alternative explanation
for the decreased ET-l/big ET-1 ratio.
Whether pulmonary or renal clearance,
which are of great importance for the ET-l
degradation (28,29), is affected by preg-
nancy is presently unknown.

In conclusion, the plasma ET-1 levels
during pregnancy do not change with ges-
tational length, either in healthy or dia-
betic women. Pregnant women with IDDM
have markedly elevated ET-1 levels, which
may be caused by endothelial cell damage.
Although the ET-1 concentration showed

no relationship to the presence of diabetic
vasculopathies or the incidence of
preeclampsia, we cannot exclude that
endothelial dysfunction, as reflected by
increased ET-1 concentration, contributes
to the increased frequency of preeclampsia
seen in women with diabetes.
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Member Dues:

Category I $ or Category II $

Additional Subscriptions: $ $

Additional Councils x $25 =$

Q Check: payable to the American Diabetes
Association

• Charge my • VISA • MasterCard
• American Express

Account No.#

Taxes: Canadians must add 7% GST tax

TOTAL ENCLOSED:

Dues amount set aside for publications are:
• Category I (Diabetes or Diabetes Care): $75
• Category II (Diabetes Spectrum): $30 (Diabetes Forecast): $12

Payment Options: Mail payment and application to:
Professional Section Membership
1660 Duke Street
Alexandria, VA 22314

Expiration Date.

Date:

Signature:.
JCAD497

For fast service, call or send a fax to our
membership department:

Phone: (703) 549-1500
Fax: (703) 549-6995
Allow 4-6 weeks to process your order. Prices are
subject to change. Payment must accompany
order in US funds drawn on US bank.
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Two
Reasons to
Join ADA

Today:

Choose Your
Membership Category

Receive Members-only Discounts
(on meetings, subscriptions & more)

Introducing ADA'S Membership Categories
Fulfill Your Information Needs-
The American Diabetes Association offers two low-priced
Professional Section membership options that let you receive the
publications you want—at a price that fits your budget.

Category I-Entitles you to choose between Diabetes or Diabetes
Care, plus the opportunity to subscribe to additional ADA
journals at reduced member prices. This category is recommended
for physicians

Category II-Entitles you to Diabetes Spectrum and Diabetes
Forecast, plus the opportunity to subscribe to additional ADA
journals at reduced member prices.

Plus Enjoy Additional Member Benefits-
Both membership categories offer a wide range of benefits,

including discounts on ADA's Scientific Sessions, Postgraduate
Course, and other educational programs; the Professional Section
Membership Directory; eligibility for ADA research grants and
awards; one free Professional Section Council membership; local
ADA affiliate membership; the Professional Section News; and Clinical
Practice Recommendations and a discount to BRS Colleague.

Iii'training Membership Rates*
You are eligible to become a Member-In-Training if you have
received your first professional degree within the last five years.
This qualifies you for dues at half-price. Also, you will be eligible
to subscribe to additional ADA journals at the same reduced rates
as other members.

eT
iCheck These Exclusive Member Benefits

Your Choice of Publications
Diabetes—the world's most-cited journal of diabetes research
brings you the latest findings from the world's top scientists.

Diabetes Care—the premier journal of clinical diabetes research
and treatment. Diabetes Care keeps you current with original
research reports, news and commentaries, case studies and

Membership Directory Listing
Your link to a valuable network of more than twelve thousand
diabetes experts. Locate your colleagues by specialty, location,
and Professional Section Council membership.

reviews.
Diabetes Reviews—the comprehensive review articles in ADA's
newest journal are a convenient way for the busy clinician to keep
up-to-date on what's truly new in research.

Diabetes Spectrum—translates research into practice for nurses,
dietitians, and other health-care professionals involved in patient
education and counseling.

Clinical Diabetes—for the primary-care provider as well as other
diabetes specialists, this newsletter offers articles and abstracts
highlighting recent advances in diabetes treatment.

Diabetes Forecast—ADA's magazine for patients and their
families features advice on diet, exercise, and other lifestyle
changes, plus the latest developments in new technology and
research. It is a valuable tool for patient education.

Eligibility for ADA Research Grants and Awards
An exclusive benefit. Only members of the Professional Section
are eligible to receive ADA grants that support diabetes research.
In addition, annual awards are presented to physicians, diabetes
educators, and researchers to honor outstanding performance.

>u Discounts on ADA Scientific and Medical Programs
Save on registration for ADA's Scientific Sessions, Postgraduate
Course, and ADA-sponsored symposia. ADA meetings are
accredited for CME credits.

Professional Section Report
This quarterly newsletter highlights Professional Section events
and other ADA news.

FREE Council Membership
Professional Section Councils give you an opportunity to network
with members from different specialties who share your interest in
a specific area of diabetes research or care. One free Council
membership is included with your membership. Additional
Council memberships are available for $25 each.

Local Affiliate Membership
Your Professional Section membership also entitles you to
membership in your local ADA affiliate where you can participate
in patient and professional education programs, network with
other professionals, and actively participate in shaping the future
of ADA.

illl Free copy of Clinical Practice Recommendations
This extensive guide details the current ADA standards of
clinical care. The Position Statements in Clinical Practice
Recommendations are convenient and important resources for all
health-care professionals who care for people with diabetes.
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In hypertension
... even for your complex patients

24-Hour Control

With Confidence

New, Once-a-day

D
Ocedy

DynaQn: CR
lIQrZirlininP )5mgand10mgGI5 mg and 10 mg GITS

controlled release tablets
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EFFECTIVE 24-HOUR
HYPERTENSION CONTROL

Convenient, once-daily dosing with
DynaCirc CR® (isradipine)

Constant drug release with the GITS:

delivery system

Sustained blood pressure reduction,
consistent over 24 hours1

Mean change from baseline in sitting
diastolic blood pressure over 24 hours1

-5

I
E -10

-15

-20

I 5 mg (n=76) P<.001
|i0mg(n=76) P<.001

2 hrs 4hrs 6 hrs 8 hrs

Postdose

10 hrs 24 hrs

At 6 weeks in intent-to-treat patients. A similar pattern was observed
with sitting systolic blood pressure: reduction at 24 hours was
-11.0 mm Hg, 5 mg; -20.0 mm Hg, 10 mg.

Gastrointestinal Therapeutic System
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THE PROVEN SAFETY
OF DYNACIRC® (ISRADIPINE)

-3-6

Well tolerated

-^~ In elderly patients2

*w~ In renally impaired and diabetic patients3

*s~<~ In patients with underlying cardiovascular conditions37*

No known clinically significant drug interactions

'!w~ With the medications most commonly prescribed
for the elderly8

— No alterations of digoxin or warfarin
clearance

Mild and transient side effects

-— The most common are headache (lower
than placebo at both 5 and 10 mg),
edema (8.9% at 5 mg; 12.7% at
10 mg; 3.6% placebo), and dizziness

Caution should be exercised when using the drug in
congestive heart failure patients, particularly in combination
with a beta blocker.

New, Once-a-day

DytiaGrc CR
(isradipine)5mgand10mgGITS

controlled release tablets
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In hypertension...
THE CONFIDENCE OF
24-HOUR EFFICACY
AND PROVEN SAFETY

*•— Once-daily dosing

-— Effective, consistent 24-hour
hypertension control with the
GITS delivery system

*—' Safe to use in the elderly and
in patients with concomitant
conditions

-—- No known clinically significant
drug interactions

-—- Side effects are mild and transient,
the most frequent being headache,
edema, and dizziness

— Priced 10% to 20% lower than
either Norvasc® or Procardia XL®*

* Based on AWP comparison, which is a published list price
and may not represent actual price paid by pharmacies and
consumers. Norvasc® is a registered trademark of Pfizer Labs
Division, Pfizer Inc; Procardia XL® is a registered trademark of
Pratt Pharmaceuticals, a division of Pfizer Inc.

Please see adjacent brief summary of prescribing information.

New, Once-a-day

SynaOtvCR
liSrPrlininP )5mgand10mgGITS
[101 UUI fJ 11 \\j) controlled release tablets
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ASANDOZ
SANDOZ PHARMACEUTICALS CORPORATION © 1 " 6 Sandoz Pharmaceuticals Corporation

EAST HANOVER, NEW JERSEY 07936 DCR-0996-02 1 2/96

DynaCirC CR® (isradipine) Controlled Release Tablets
BRIEF SUMMARY: Please see package insert for lull prescribing information.
Caution: Federal law prohibits dispensing without prescription.
INDICATIONS AND USAGE: Hypertension: DynaCirc CR® (isradipine) is indicated in the management of hypertension.
It may be used alone or concurrently with thiazide-type diuretics.
CONTRAINDICATIONS: DynaCirc CR® (isradipine) is contraindicated in individuals who have shown hypersensittvtty to
any of the ingredients in the formulation.
WARNINGS: None
PRECAUTIONS: General: Blood Pressure: Because DynaCirc CR® (isradipine) decreases peripheral resistance, like
other calcium blockers DynaCirc CR® (isradipine) may occasionally produce symptomatic hypotension. However,
symptoms like syncope and severe dizziness have rarely been reported in hypertensive patients administered
DynaCirc CR® (isradipine), particularly at the initial recommended doses (see DOSAGE AND ADMINISTRATION
in the lull prescribing information).
Use in Patients with Congestive Heart Failure: Although acute hemodynamic studies in patients with congestive
heart failure have shown that immediate-release DynaCirc® (isradipine) reduced afterload without impairing myocar-
dial contractility, it has a negative inotropic effect at high doses in vitro and possibly in some patients. Caution should
be exercised when using DynaCirc CR® (isradipine) in congestive heart failure patients, particularly in combination
with a beta-blocker.
Peripheral Edema: Peripheral edema, when it occurs, is usually mild to moderate in severity. It is a localized phe-
nomenon thought to be associated with vasodilation of arterioles and other small blood vessels, and not due to left
ventricular dysfunction or generalized fluid retention. Peripheral edema is dose-related with an incidence ranging from
approximately 9% at 5 mg; 13% at 10 mg; 16% at 15 mg; and 36% at the highest dose studied (20 mg once-daily).
With patients whose hypertension is complicated by congestive heart failure, care should be taken to differentiate this
edema from the effects of decreasing left ventricular function. Although the frequency of edema is correlated with
dose, no DynaCirc CR® (isradipine) treated patients discontinued the short-term (6 weeks or less), placebo-controlled
hypertension studies as a result of edema. Less than 5% of DynaCirc CR® (isradipine) treated patients in long-term
studies discontinued due to edema.
Other As with any other non-deformable material, caution should be used when administering DynaCirc CR® (isradipine)
in patients with pre-existing severe gastrointestinal narrowing (pathologic or iatrogenic). There have been reports of
obstructive symptoms in patients with known strictures associated with ingestion of other GITS products.
Information for Patients: DynaCirc CR® (isradipine) Controlled Release Tablets should be swallowed whole. Do not
chew, divide or crush tablets. Do not be concerned if you occasionally notice in your stool something resembling a
tablet. In DynaCirc CR® (isradipine), the medication is contained within a nonabsorbable shell that has been specially
designed to slowly release the drug for your body to absorb. When this process is completed, the empty tablet shell
is eliminated in the stool.
Drug Interactions: Nitroglycerin: Immediate-release DynaCirc® (isradipine) has been safely coadministered with
nitroglycerin.
Hydrochlorothiazide: A study in normal healthy volunteers has shown that concomitant administration of immediate-
release DynaCirc® (isradipine) and hydrachlorothiazide does not result in altered pharmacokinetics of either drug. In a
study in hypertensive patients, addition of isradipine to existing hydrochlorothiazide therapy did not result in any unex-
pected adverse effects, and isradipine had an additional antihypertensive effect.
Propranolol: In a single dose study in normal volunteers using immediate-release DynaCirc® (isradipine), co-adminis-
tration of propranolol had a small effect on the rate but no effect on the extent of isradipine bioavailability. Significant
increases in AUC (27%) and C ^ (58%) and decreases in W , (23%) of propranolol were noted in this study.
Digoiin: The concomitant administration of immediate-release DynaCirc® (isradipine) and digoxin in a single-dose
pharmacokinetic study did not affect renal, non-renal and total body clearance of digoxin.
Fentanyl Anesthesia: Severe hypotension has been reported during fentanyl anesthesia with concomitant use of a
beta blocker and a calcium channel blocker. An increased volume of circulating fluids might be required if such an
interaction were to occur.
Carcinogenesis, Mutagenesis, Impairment of Fertility: Treatment of male rats for 2 years with 2.5,12.5, or
62.5 mg/kg/day isradipine admixed with diet (approximately 6,31, and 156 times the maximum recommended daily
dose based on a 50 kg man) resulted in dose dependent increases in the incidence of benign Leydig cell tumors and
testicular hyperplasia relative to untreated control animals. These findings, which were replicated in a subsequent
experiment, may have been indirectly related to an effect of isradipine on circulating gonadotropin levels in the rats;
a comparable endocrine effect was not evident in male patients receiving therapeutic doses of the drug on a chronic
basis. Treatment of mice for two years with 2.5,15, or 80 mg/kg/day isradipine in the diet (approximately 6,38, and
200 times the maximum recommended dose based on a 50 kg man) showed no evidence of oncogenicity. There was
no evidence of mutagenic potential based on the results of a battery of mutagenic tests. No effect on fertility was
observed in male and female rats treated with up to 60 mg/kg/day isradipine.
Pregnancy: Pregnancy Category C: Isradipine was administered orally to rats and rabbits during organogenesis.
Treatment of pregnant rats with doses of 6,20, or 60 mg/kg/day produced a significant reduction in maternal weight
gain during treatment with the highest dose (150 times the maximum recommended human daily dose) but with no
lasting effects on the mother or the offspring. Treatment of pregnant rabbits with doses of 1,3, or 10 mg/kg/day (2.5,
7.5, and 25 times the maximum recommended human daily dose) produced decrements in maternal body weight
gain and increased fetal resorption at the two higher doses. There was no evidence of embryotoxicity at doses tested.
In a peri/postnatal administration study in rats, reduced maternal body weight gain during late pregnancy at oral
doses of 20 and 60 mg/kg/day isradipine was associated with reduced birth weights and decreased peri and post-
natal pup survival.
There are no adequate and well controlled studies in pregnant women. The use of DynaCirc CR® (isradipine) during
pregnancy should only be considered if the potential benefit outweighs potential risks.
Nursing Mothers: It is not known whether DynaCirc® (isradipine) is excreted in human milk. Because many drugs are
excreted in human milk, and because of the potential for adverse effects of DynaCirc® (isradipine) on nursing infants,
a decision should be made as to whether to discontinue nursing or discontinue the drug, taking into account the
importance of the drug to the mother.
Pediatric Use: Safety and effectiveness have not been established in children.
ADVERSE REACTIONS: In a controlled clinical trial with DynaCirc CR® (isradipine), dose-related edema occurred
at an incidence of approximately 9% at 5 mg; 13% at 10 mg; 16% at 15 mg; and 36% at the highest dose studied
(20 mg), was mild to moderate in severity, and was not related to age or gender. The incidences of elicited or volun-
teered adverse reactions (excluding non-drug related) are based on 6-week multicenter, placebo-controlled, double-
blind hypertension studies. Less than 1 % of DynaCirc CR® (isradipine) or placebo-treated patients discontinued from
these studies due to adverse reactions. The following adverse reactions have been reported by 1 % or greater for
patients receiving DynaCirc CR® (isradipine) at any dose (N=422): edema 15.2%, headache 13.0%, dizziness 4.7%,
fatigue 4.3%, abdominal discomfort 2.8%, flushing 1.9%, constipation 1.7%, palpitations 1.2%, nausea 1.2%, and
abdominal distention 1.2%. The following adverse experiences were reported in u.5%-1.0% or less of DynaCirc CR®
(isradipine) or immediate-release DynaCirc® (isradipine) treated patients in hypertensive studies, or were noted in
postmarketing experience with immediate-release DynaCirc® (isradipine) Capsules. More serious events are shown
in italics. The relationship of these adverse experiences to isradipine administration is uncertain. Skin: pruritus,
urticaria. Musculoskeletal: backache/pain, joint pain, neck pain/sore/stiff, legs ache/pain, cramps of legs/feet. Respi-
ratory: dyspnea, nasal congestion, cough. Cardiovascular: epistaxis, tachycardia, chest pain,-shortness of breath,
hypotension, syncope, atrial or ventricular fibrillation, myocardial infarction, heart failure. Gastrointestinal: diarrhea,
vomiting, appetite increased or decreased. Urogenital: pollakiuria, impotence, dysuria, nocturia. Central Nervous:
drowsiness, insomnia, lethargy, nervousness, libido decrease/frigidity, impotence, depression, paresthesia (which
includes numbness and tingling), transient ischemic attack, stroke. Autonomic: dry mouth, hyperhidrosis, visual
disturbance. Miscellaneous: weight gain, throat discomfort, drug fever, leukopenia, elevated liver function tests.
No gastrointestinal bleeding has been reported in clinical trials with DynaCirc CR® (isradipine) Controlled Release Tablets.
In a long-term (one-year) DynaCirc CR® (isradipine) open-label, hypertension trial, the adverse events reported were
generally the same as those seen in the short-term placebo-controlled studies. About 6% of DynaCirc CR® (isradipine)
treated patients discontinued the long-term trial due to adverse reactions.
Store and Dispense: Below 86°F (30°C) in a tight container, protected from moisture and humidity.
Sandoz Pharmaceuticals Corporation, East Hanover, New Jersey 07936
REV: AUGUST 1996 P37022904
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