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The pharmacokinetics of recombinant human relaxin (rhRix) after
intravenous (iv) bolus administration and the absorption of rhRIx
after intracervical or intravaginal administration were determined in
nonpregnant women. The study was conducted in two parts. In part
I, 25 women received 0.01 mg/kg rhRIx iv. After a minimum 7-day
washout period, these women were dosed intracervically (n = 10) or
intravaginally (n = 15) with 0.75 or 1.5 mg rhRIx, respectively, in
3% methylcellulose gel. Part Il was a double-blind, randomized,
three-way crossover study in 26 women. At l-month intervals, each
woman received one of three intravaginal treatments consisting of 0
(placebo), 1, or 6 mg rhRIx in 3% methylcellulose gel. The serum
concentrations of relaxin following iv administration were described
as the sum of three exponentials. The mean (+SD) initial, interme-
diate, and terminal half-lives were 0.09 + 0.04, 0.72 = 0.11, and 4.6
+ 1.2 hr, respectively. Most of the area under the curve was asso-
ciated with the intermediate half-life. The weight-normalized clear-
ance was 170 = 50 mL/hr/kg. The observed peak concentration was
98 = 29 ng/mL, and the weight-normalized initial volume of distri-
bution was 78 + 40 mL/kg, which is approximately equivalent to the
serum volume. If central compartment elimination was assumed, the
volume of distribution at steady state (V /W) was 280 + 100 mL/kg,
which is approximately equivalent to extracellular fluid volume.
V. /W could be as large as 1300 + 400 mL/kg without this assump-
tion. After intravaginal administration of the placebo gel, endoge-
nous relaxin concentrations were evident (i.e., =20 pg/mL) in 9 of
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the 26 women (maximum concentrations, 23-234 pg/mL). A similar
proportion of women (approximately 35-40%) exhibited measurable
serum concentrations of relaxin following intravaginal rhRIx treat-
ment; this proportion increased to 90% following intracervical rhRIx
treatment. For both routes of administration, the maximum serum
concentrations of relaxin were usually within the range of values
observed for endogenous relaxin, suggesting that the absorption of
rhRIx was minimal.

KEY WORDS: relaxin; pharmacokinetics; absorption; intravenous;
intracervical; intravaginal.

INTRODUCTION

Relaxin is an endogenous hormone that is structurally
related to insulin (1) and is produced in the corpus luteum
(2,3) and placenta (4). Endogenous relaxin concentrations in
the range of 30 to 150 pg/mL have been detected in plasma
collected from nonpregnant women 7-10 days following the
peak of the luteinizing hormone surge during the menstrual
cycle (5). If the woman conceives during that cycle, relaxin
increases dramatically at the time when human chorionic
gonadotropin is first detectable in plasma. In normal preg-
nancies, endogenous relaxin reaches a peak of approxi-
mately 1100 pg/mL at 12 weeks after conception, then de-
clines to approximately 500 pg/mL at the time of delivery (6).

The role of endogenous relaxin during pregnancy is un-
clear. In patients receiving ovum donations, serum relaxin is
undetectable during pregnancy in the majority of patients
because of the lack of a functioning corpus luteum (6). In a
case report of one patient after an ovum donation, in whom
no endogenous serum relaxin concentrations were expected,
onset of labor was spontaneous, but delivery was prolonged
(7). This suggested that systemic concentrations of endoge-
nous relaxin were not necessary for labor but were neces-
sary to facilitate delivery (7).

Purified porcine relaxin has been used as a single agent
(8) and in combination with intravaginal estradiol or prosta-
glandin F,, (9) to ripen the cervix in women and, in turn, to
shorten the induction—delivery interval. Porcine relaxin has
a similar molecular weight and approximately 40% sequence
homology to that of human relaxin (10). Absorption of por-
cine relaxin following intracervical administration was ob-
served in five of six near-term pregnant women who were
treated with 2 mg porcine relaxin in a tylose gel prior to
medical induction. Peak serum concentrations of relaxin in
these women ranged from approximately 1000 to 3500 pg/mL
and occurred 1.5-3 hr after dosing (11). Absorption of other
proteins from the vagina has been described [i.e., insulin,
peanut protein, thyroid-stimulating hormone, and a gonado-
tropin-releasing hormone analogue (TAP-144)] and is re-
viewed elsewhere (12).

Human relaxin is currently under development as a po-
tential therapeutic agent to decrease the incidence of cesar-
ean deliveries and to reduce maternal-fetal morbidity by
changing the consistency of the cervix prior to induction of
labor. The aim of our present study was to determine the
pharmacokinetics of rhRIx after iv administration and the
absorption of rhRIx after intracervical and intravaginal ad-
ministration in a defined population of nonpregnant healthy
women, prior to clinical studies in pregnant women.
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MATERIALS AND METHODS

Materials. Human relaxin consists of two polypeptide
chains covalently bonded by two disulfide bridges: the A
chain has 24 amino acids and an additional internal disulfide
bridge, and the B chain has 29 amino acids. It has a theoret-
ical molecular mass of 6.0 kDa, has a pl/ of 9.1, and is not
glycosylated (13). Recombinant human relaxin (rhRIx) is
produced in Escherichia coli and is identical in sequence to
the predominant form of relaxin in human corpora lutea and
pregnancy sera (14). The iv formulation was a solution
of rhRIx in a sterile, isotonic buffer. For intracervical and
intravaginal administration, rhRIx was formulated in 3%
methylcellulose gel. In vitro testing demonstrated that rhRIx
was immediately, and completely released from the gel into
any suitable buffer upon mixing.

Experimental Design. The study was conducted in two
parts. Part I was conducted in 25 nonpregnant women who
had bilateral tubal ligations at least 9 months prior to the
start of the study. All women received rhRIx as an iv bolus
(0.01 mg/kg). After a minimum 7-day washout period, they
received rhRIx in 3% methylcellulose gel. The doses were
1.5 mg intravaginally (n = 15) or 0.75 mg intracervically (n
= 10). Part II was a double-blind, randomized, three-way
crossover study in twenty-six nonpregnant women who had
bilateral tubal ligations at least 1 year prior to the start of the
study. At 1-month intervals, each subject received one of
three intravaginal treatments consisting of 0 (placebo), 1, or
6 mg rhRIx in 3% methylcellulose gel.

Part I. Twenty-five women (mean = SD age, 38 = 5
years; range, 23-46 years; weight, 62.4 + 12.1 kg; range,
41.3-84.6 kg; and height, 163.4 = 8.0 cm; range, 141.0-177.8
cm) participated in the study. The women arrived at the
study center on the mornings of dosing after at least a 10-hr
fast. A standardized lunch, dinner, and breakfast the next
morning were provided 4, 10, and 24 hr after dosing, respec-
tively. For iv administration, a catheter was placed in a vein
in each arm; one catheter was used exclusively for dosing
and one catheter for blood collection. After obtaining a pre-
dose blood sample, the women received 0.01 mg/kg rhRIx as
a rapid bolus into the dosing catheter. Twenty-six blood
samples (3.0 mL each) were removed from the sampling
catheter over the next 24 hr. After a minimum 7-day washout
period, the women returned to the study center, where they
were assigned to intravaginal (»# = 15) or intracervical (n =
10) treatment groups. For intravaginal administration, 4 mL
of methylcellulose gel containing 1.5 mg rhRIx was inserted
into the posterior cul-de-sac of the vagina, and a Koromex
diaphragm (Youngs Drug Products Corp., Piscataway, NJ)
was used for 8 hr postadministration to keep the relaxin in
place. For intracervical administration, 2 mL of methylcellu-
lose gel containing 0.75 mg rhRIx was inserted into the cervical
canal using a glass syringe with a Makler cannula (SEFI Med-
ical Instruments, Haifa, Isracl). A diaphragm was not used
after intracervical administration. After either topical dose, 19
blood samples (3.0 mL each) were removed from a sampling
catheter in an arm vein over the next 48 hr. The women were
asked to keep a calendar of the start and stop of each menses
for the month prior to their first treatment, throughout the two
treatment periods, and for 6 weeks following their second treat-
ment. The women were not dosed during menses.

*
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Part II. Twenty-six women (mean *= SD age, 34 = 6
years; range, 23-46 years; weight, 65.8 = 9.1 kg; range,
52.3-85.5 kg; and height, 165.4 = 4.1 cm; range, 158.8-175.3
c¢m) participated in the study. The women arrived at the
study center on the mornings of dosing after at least a 10-hr
fast. A standardized breakfast, lunch, dinner, and breakfast
the next morning were provided 1, 4, 8, and 24 hr after
dosing, respectively. After obtaining a predose blood sample
from a catheter in an arm vein, the women were dosed in-
travaginally with 4 mL methylcellulose gel containing either
0, 1, or 6 mg rhRIx at concentrations of 0, 0.25, and 1.5
mg/mL, respectively. The women were recumbent for at
least 1 hr after dosing. A diaphragm was not used in part II.
After dosing, 10 blood samples (3.0 mL each) were removed
from a sampling catheter in an arm vein over the next 24 hr.
The women were asked to keep a calendar of the start and
stop of each menses for the month prior to their first treat-
ment, throughout the three treatment periods, and for 8
weeks following their third treatment. The women were not
dosed during menses.

Sample Processing and Assay. The blood samples were
allowed to clot at room temperature for approximately 30
min after collection and centrifuged within 1 hr. After cen-
trifugation, the serum was separated and stored frozen (at
approximately —20°C) until analysis. The stability of rhRIx
in blood during clotting and in frozen serum was verified
(data on file at Genentech, Inc.). The relaxin-immunore-
active protein concentrations were determined in serum us-
ing a double-antibody sandwich enzyme-linked immunosor-
bent assay (ELISA) specific for human relaxin (15). An af-
finity-purified goat anti-human relaxin polyclonal antibody
was used for coating, and a horseradish peroxidase-
conjugated affinity-purified rabbit anti-human relaxin anti-
body was used for detection. The assay range was 20 to 1250
pg/mL. The standard curve and controls consisted of rhRIx
added to normal male serum. Goat IgG (in quantities pro-
portional to the concentration of the goat anti-human relaxin
capture antibody) was added to each standard, control, and
sample to prevent the nonspecific interactions that are com-
mon for assays of this type (16). The recovery of 200 to 800
pg/mL rhRIx that had been spiked into male serum was 84 to
102%. The interassay precision (%CV) was less than 15% for
control preparations at 500, 150, and 45 pg/mL; the within-
run precision (%CV) ranged from 5 to 12% for these high,
mid, and low controls.

Pharmacokinetic Analyses. Triexponential equations
were fitted to weighted [weight = 1/predicted concentra-
tion)?] immunoreactive serum protein concentration—time
data from individual women after iv dosing using nonlinear
least-squares regression analysis (NONLIN84, version 1987,
SCI, Lexington, KY). The coefficients and exponents of the
triexponential equations were used to calculate the area un-
der the serum concentration versus time curve (AUC), clear-
ance (CL), half-lives (#,,), and initial volume of distribution
(V;) (17), as well as the volume of distribution at steady state
(V,,), permanence time in the serum (7)), mean exit time
from the serum ({2,), and mean exit time from the body
(Qpoay) (18), assuming that the system was linear and state
determined. The V and {4, were calculated as minimum
(min) and maximum (max) values, because only serum con-
centration versus time data were available and because no
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assumptions were made regarding site (compartment) of
elimination (18). The ratio Quogy, max/Qbody,min 1S €Xactly
equal to the ratio Vg nay/Vis min; in addition, Qpogy min 18
equal to {2,, when assuming elimination only from the cen-
tral compartment.

The serum concentrations of relaxin following intravag-
inal and intracervical administration of rhRIx gel were tabu-
lated and compared to the concentrations of endogenous re-
laxin after placebo treatment.

RESULTS

The relaxin serum concentration versus time data for
the 25 women after iv administration of 0.01 mg/kg were
described by triexponential equations (part I). The individual
coefficients and exponents of the triexponential equations
were averaged, and the resulting mean curve was superim-
posed on the mean data in Fig. 1. The mean calculated phar-
macokinetic parameters are summarized in Table 1. The ob-
served peak concentration of relaxin after an iv bolus dose of
0.01 mg/kg was 98 + 29 ng/mL. The predose serum samples
from seven women had measurable concentrations of relaxin
(21 to 86 pg/mL). These endogenous relaxin serum concen-
trations generally occurred when the women were in the last
half of their menstrual cycle and were similar to the endog-
enous plasma concentrations of relaxin reported by Stewart
et al. (5). Endogenous concentrations of relaxin minimally
influenced the data after iv administration, because the re-
laxin concentrations that comprised 95% of the serum con-
centration—time curve (0 to 7 hr after dosing) were 10- to
1000-fold higher.

Following intracervical administration of 0.75 mg rhRIx,
one woman had undetectable human relaxin concentrations
(i.e., <20 pg/mL) throughout the 48-hr sampling interval.
The remaining nine women exhibited maximum serum con-
centrations (C,,,,) ranging from 34 to 165 pg/mL. Following
intravaginal administration of 1.5 mg rhRIx, nine women had
undetectable human relaxin concentrations, and one subject
had one serum sample containing measurable human relaxin
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Fig. 1. Mean serum concentration versus time data for relaxin in
nonpregnant women after iv bolus administration of 0.01 mg/kg.
Filled squares are the mean + SD (n = 25). The mean fitted equa-
tion is superimposed on the data [C(f) = 123¢ %13 + 40.5¢~ %% +
1.55¢ %1% where C is ng/mL and 7 is hr).

Chen et al.

Table I. Pharmacokinetic Parameters for Relaxin in Nonpregnant
Female Women After Intravenous Bolus Administration of 0.01 mg/
kg (Mean = SD)

Parameter (n = 25)

CL/W (mL/hr/kg) 170 + 50°
V/W (mL/kg) 78 = 40
Vss,min/w (mL/kg) 280 + 100
Vss,max/W (mL/kg) 1300 + 400
ty,n (hr) 0.090 = 0.036

o0 * 7% AUC)
hpa (hr) 072 = 0.12

6S *+ 8% AUC)
Ly (hr) 46 = 1.2

s *+ 5% AUQ)
T, (hr) 0.45 + 0.16
Q, (hr)® 1.6 = 03
Qbody,max (hl‘) 7.8 =+ 1.8

% Equivalent to 170 = 50 mL/min.
b Qpody,min 18 €qual to Q,, when assuming elimination only from the
central compartment.

(40 pg/mL). The C,,,, in the remaining five women was 67 to
248 pg/mL.

In part II, 17 women had undetectable human relaxin
concentrations following intravaginal administration of the
placebo gel. Four women had one serum sample containing
measurable human relaxin (ranging from 23 to 59 pg/mL),
and four women exhibited occasional serum concentrations
of relaxin (C,,,,, 26 to 234 pg/mL). Only one subject had
persistent relaxin serum concentrations that fluctuated be-
tween 46 and 77 pg/mL throughout the 24-hr sampling inter-
val.

Following intravaginal administration of 1 mg rhRIx, 17
women had undetectable relaxin concentrations, and 3
women had one serum sample containing measurable relaxin
(ranging from 41 to 52 pg/mL). The C,,,, in the remaining six
women was 25 to 104 pg/mL.

Following intravaginal administration of 6 mg rhRIx, 16
women had undetectable relaxin concentrations, and 2
women had one sample serum containing measurable relaxin
(28 and 359 pg/mL). The C,, ., in the remaining nine women
ranged from 55 to 363 pg/mL, except in one subject where
concentrations as high as 1704 pg/mL were achieved.

Endogenous relaxin concentrations confounded the as-
sessment of absorption after intravaginal and intracervical
administration; therefore, the systemic availability of rhRix
after topical administration is not reported.

DISCUSSION

Relaxin was cleared from serum rapidly after iv admin-
istration. Both the kidneys and the liver have been proposed
as eliminating organs, although the mechanism of relaxin
clearance is unknown (19). Relaxin does not appear to bind
to serum proteins and there is no evidence that relaxin as-
sociates with human red blood cells (S. Chen, unpublished
data), so blood clearance was calculated from the serum
clearance after adjustment by an average hematocrit value
(i.e., 45%). This blood clearance (310 mL/min) is signifi-
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cantly lower than average renal or hepatic blood flow (1200
and 1500 mL/min, respectively) (20).

V,/W was approximately equivalent to the weight-
normalized plasma volume (~60 mL/kg) (21), and V ../ W
was approximately equivalent to the weight-normalized ex-
tracellular volume (~200 mL/kg) (21). The ratio (V, ../ W)/
(V4e.min/ W) is an indicator of the uncertainty of the amount of
drug in the body following chronic administration when only
the serum is sampled and when no assumptions are made
about the site (compartment) of elimination (18). This uncer-
tainty factor is 4.8 for rhRIx. Current analytical methodolo-
gies for proteins do not allow further resolution of this un-
certainty; however, it is expected to be clinically inconse-
quential given the acute nature of the therapy and the
minimal absorption following intravaginal application of
rhRIx. The permanence time in the serum (7) is 0.45 hr. The
difference between the mean exit time from the body (24,64y)
and 7, is the time relaxin spends in the tissues before being
eliminated; this value ranges between 1.2 and 7.4 hr.

After intravaginal administration of the placebo gel, en-
dogenous relaxin concentrations were evident (i.e., =20 pg/
mL) in 9 of the 26 women (maximum concentrations, 23-234
pg/mL). These endogenous relaxin serum concentrations
were similar to the endogenous plasma concentrations of
relaxin reported by Stewart et al. (5). A similar proportion of
women (approximately 35-40%) exhibited measurable serum
concentrations of relaxin following intravaginal rhRIx treat-
ment; this proportion increased to 90% following intracervi-
cal rhRIx treatment. For both routes of administration, the
maximum serum concentrations of relaxin were usually
within the range of values observed for endogenous relaxin,
suggesting the absorption of rhRIx was minimal. Further-
more, topical dosing occurred at every phase of the men-
strual cycle, and the vaginal changes (e.g., morphologic and
pattern changes of the microridges on the vaginal epithelium
cells, volume of fluid that coats the epithelium, and pH) that
occur throughout a menstrual cycle (22) did not appear to
increase the absorption of rhRIx after intravaginal adminis-
tration.

In conclusion, relaxin was cleared rapidly after iv ad-
ministration, and the volume of distribution was estimated to
be small (assuming central compartment elimination). These
data were predicted by preclinical pharmacokinetic studies
in mice, rats, rabbits, and rhesus monkeys (23). Serum con-
centrations of relaxin were low and variable following intra-
cervical administration and undetectable in many of the
women following intravaginal administration; only a small
amount of the rhRIx dose, if any, was absorbed. The pres-
ence of endogenous relaxin confounded the estimation of
absolute bioavailability and may have contributed to the ap-
parent variable absorption profiles. The limited absorption
of rhRIx gel following intravaginal administration was pre-
dicted by studies in nonpregnant rabbits and rhesus monkeys
(24) and was similar to the results obtained in postdate
women with uncomplicated pregnancies who received 1.5
mg rhRIx gel intravaginally (A. Perlman, personal commu-
nication).
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