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DETERMINATION OF FREE ESTRIOL IN 
AMNIOTIC FLUID BY HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY 

S. U. SHEIKH AND J. C. TOUCHSTONE 
University of Pennrylvania 

School of Medicine 
P h W p h i a ,  Pennsylvania 191 04 

ABSTRAa 

The estrogen levels of amniotic fluid and maternal plasma may be altered in 
those cases with a fetus which presents Down syndrome. This paper describes the 
methodology for determination of free estriol in amniotic fluid. Fresh amniotic fluid 
was extracted using solid phase extraction techniques. Analtech C18 Spice cartridges 
were used to extract estriol (E3) prior to chromatography. After elution of the 
analyte E3 from the cartridge, the solvent was evaporated under nitrogen in a warm 
water bath at 60OC. The extract was reconstituted in methanol and E3 separated by 
high-performance liquid chromatography. A reversed phase C18 Partisil ODs-3 (4.6 
mm X 25 cm) column was developed with acetonitrile - methanol (65:35 v/v) as mobile 
phase. Subambient temperature ( - 2 O O C )  improved the resolution and aided separation 
from extraneous material. Quantitation followed intrapolation against a standard 
curve prepared under identical conditions. Measurement of amniotic fluid E3 may 
provide insight into the reported alteration of maternal plasma E3 level in Down 
syndrome. Results so far indicate that in Down syndrome the amniotic fluid E3 levels 
wee below the detection limits. 

W O D U C T I O N  

Estriol (E3) levels in blood serum in Down syndrome and normal patients is a 

controversial issue. 

fluid in Down syndrome, and Trisomy - 18. 

fetoprotein, free estriol (E3) and human chorionic gonadotropin (P-hCG) have been 

analyzed in order to detect Down syndrome. A report by Carrick, et al. showed that 

maternal serum "free" estriol (E3) was low in Down Syndrome (1). Greenberg et al 

also reported lower values for these constituents in maternal plasma (2). 

No report indicates the level of estriol in blood and amniotic 

Three components in serum - a- 

The 
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3814 SHEIKH AND TOUCHSTONE 

concentration of the "unconjugated" estriol increases approximately 20 percent per 

week in the second trimester. Maternal estriol E3 is mostly conjugated, while the 

unconjugated estriol is of fetal origin. 

Merkatz et al (2) showed that a low maternal serum a-fetoprotein is associated 

with Down fetuses. Several other studies (3.4) have confirmed this finding. The fetal 

liver is the source for this protein and the measurement of it is used on prenatal 

screening for neural tube defects. Approximately 20% of mothers with affected 

fetuses and 5% of mothers with unaffected fetuses have a level below 0.5 multiples of 

the median as compared to mothers of Down fetuses with 0.7 multiples of the median. 

There have been several studies on the relationship of free E3 of the maternal plasma 

(3.4) to Down Syndrome. These have indicated that levels of (E3) in the unconjugated 

form may correlate with the genetic status of the fetus. 

The present report indicates that the free estriol (E3) in amniotic fluid may 

also be indicative of Down Syndrome. Undetectable levels of free estriol were found 

in these cases. In some cases of "normal" pregnancies the levels of free estriol were 

also below detection limits. Considering that the fetus is a major source of the estriol 

i t  might be more appropriate to assess estriol in the amniotic fluid rather than the 

maternal blood. A description of the methods used and the results obrained in normal 

and affected pregnancies are presented. Considering that amniotic fluid is routinely 

drawn for genetic studies and the small amounts required for the method as described 

the utility of amniotic fluid estriol merits further investigation. 

MATERIAL AND METHODS 

All specimens were from 15-18 weeks gestation. Fresh or frozen amniotic fluid 

samples were extracted using solid phase extraction (SPE) techniques; then aliquots 

of reconstituted samples were subjected to HPLC at subambient column temperature 

(-20°C) to resolve E3. 
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FREE ESTRIOL IN AMNIOTIC FLUID 3815 

All solvents were EM Omnisolv. purchased from E.M. Science. Steroids were 

from Sigma Chemical Company, USA. Water was demineralized, filtered and degassed 

before use. 

were degassed by filteration. 

Sample solutions were made in methanol and kept at 4OC. All solvents 

A modular liquid chromatograph (LC) equipped with LDC pump and a variable 

wavelength UV Specironow 773 detector, was interfaced with a Hewlett Packard HP 

3385A integrator. The column was a Whatman Panisil 10 ODS (250 x 4.6 mm). The 

mobile phase was acetonitrile-methanol (65:35 (v/v)). Detection was at 280 nm. Flow 

rate was I mllmin. 

The column was cooled to -2OOC using a cooling system provided by U.S. Coolers 

(Quincy. 111). Quantitation followed intrapolation against a standard curve prepared 

from serial amounts of estriol under idcntical conditions as the samples. 

Extraction orocedurc 

Amniotic fluids are difficult to analyze by chromatography without specimen 

cleanup. The samples were prepared by extraction using solid phase extraction 

cartridges obtained from Analtech (Newark, DE) The C18 Spice cartridges were 

processed as outlined in Table 1. The procedure was carried out under vacuum of a 

water aspirator with the cartridges placed in a vacuum manifold. (Analtech, Newark, 

DE). 

After the E3 fraction was eluted, the methanol was evaporated at 6OoC using a 

stream of nitrogen. The residue so obtained was reconstituted in 10 H I  of methanol 

for injection into the high performance liquid chromatograph. Recovery of 3H- 

estriol carried thru this procedure was routinely 91-93%. 
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TABLE 1 

Solid Phase Extraction of Estriol from Amniotic Fluid 

1. Conditioning - wash in sequence as follows: 
a. 
b. 2 ml of methanol 
c. methanol 

2 ml of acetone - water (20230) 

2. Add 1 ml of amniotic fluid directly to the column. 

3. Washing - add in sequence as follows: 

a. 2 ml of acetone-water (20:80) 
b. 2 ml of water 

4. Drying - under vacuum aspirate air through the cartridge 

5.  Elution of estriol follows: 

a. 1 ml of methanol 

6. Evaporate in warm water bath (60OC) under nitrogen flow 

7. Subject to HPLC. 

C h  r om a t  o e m  

The chromatography was carried out by injection of 5 pl of  extract using a loop 

injector (Reodyne). For reproducible results the loop injector was necessary. The 

column cooled to -2OOC gave improved separation of the estriol with a reasonable 

retention time (6). 

RESULTS AND DISCUSS10 N 

The use of subambient temperatures for separation of steroids has been 

described in previous work from this laboratory (6). 

follow these procedures to assure confidence in the identity of the separated 

materials. Figure 1 shows how subambient temperatures facilitated separations of 

isomers of estradiol and of androstenediols (7). 

It was deemed desirable to 

Figure 2 gives the results of HPLC of 
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0 

-50.C 
c 
a 

0 

x 

(A) Bstrrdiol- 170 md estradiol - I7 B 
(B) Androsr-S~e-3B,17a-diol md mdrost-Sene-3p. iq-dlol 
~ezeaion: Lvogen (280 am) md mdmen (200nm) 

Figure 1: A: estradiol - 17a and estradiol - 17p 
B: androst-Sene-3P. 17u-diol and androst-5ene-3p. 17p-diol 

Detection: estrogen (280 nm) and androgen (200 nm) 

extracts of normal amniotic fluid and those of Down syndrome as well as Trisomy - 18. 

The chromatograms in each case indicate clear separation of estriol. The Down 

syndrome and Trisomy - 18 samples did not show the presence of free estriol. 

identity of the peaks separated in  the chromatograms which presumably are not 

estriol is not as yet known. 

The 

Since these peaks are not present in the normal samples, 
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-20% 

A 

0 .. 
r -  

-2ooc 
B 

0 
f 4 
d 

0 
-20 c 

C 

Estrlol resolved at subambient temperature (-20%) by HPLC. 
Chromatograms shown are A: Standard Estrlol ( E g )  peak with retenion 
tlme t ~ E 3 =  7.10; B: Normal Amniotic fluid, C: Down's Synodrome; D: 
Trlsomy-18.  
Detection of E3 = 280 nm. 

Figure 2: Estriol resolved at subambient temperature (-20°C) by HPLC. 
Chromatograms shown are 

A: Standard estriol (E3) peak with retention time t ~ E 3 = 7 . 1 0  
B: Normal Amniotic fluid 
C: Down syndrome 
D: Trisomy-18 

Detection of E3=280 nm 

it might be appropriate to attempt identification and determine whether there is a 

relationship if any to the genetic defect in question. 

As seen in Table 2 the levels of free estriol in normal amniotic fluid were 

variable. In some cases only trace amounts were seen. However, no free estriol was 

seen in the amniotic fluid from the 20 cases diagnosed as Down syndrome or the 5 

Trisomy - 18 cases. 

The studies carried out in this work involved only the "free" estriol. Whether 

an investigation of a possible role of the "conjugated" estriol would provide further 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



T
ab

le
 I

1 
2 m s 

E
st

ri
ol

 I
n 

A
m

ni
ot

ic
 F

lu
id

1 

N
or

m
al

" 
D

ow
n'

s 
Sy

nd
ro

m
e 

S
ex

 
A

ge
 

No
 o

f 
E

3 
C

on
c.

 
tR

E
3 

N
o
 o

f 
E

3 
C

on
c.

 
w

ee
ks

 
Sp

ec
im

en
s 

ng
/m

L
 

Sp
ec

im
en

s 
ng

/m
L

 

b
 

F 
15

 
5 

24
5,

 T
, 

T
, 

T
, 

7.
08

 
(T

ri
so

m
y-

21
)' 

20
 

N
ot

 d
et

ec
te

d 
7.

59
 

M
 

15
 

5 
T

, 
14

6,
 4

8,
 T

, 
T

 
"
 

F 
16

 
5 

77
, 

99
, 

26
6.

2,
 

,I 

30
6.

 
80

.1
 

-
-
,
 -~

 
M

 
16

 
5 

61
.3

, 
11

0.
2,

 
28

, 
"
 

15
0.

5,
 

T
 

F 
17

 
5 

- 
T

, 
T,
 4

85
.8

, 
I,
 

26
4.

9,
 

T
 

(T
ri

so
m

y-
18

) 
5 

T-
z -

t--e; 
-T

~-
~-

3-
=?

~-
t~

;;r
;o

n-
t~

h~
~~

-3
-~

-~
s~

~~
~i

,-~
-=

- 
~

~
f-

d
~

~
e-

c~
i-

d
-,

-~
-~

-~
~

~
n

-o
-~

~
-c

-o
-~

-~
o-

"
-n

-d
;-

~
 

-=
-~

--
-;

ie
;-

~-
;-

h
--

~e
--

--
--

--
--

- 
1M

et
ho

d 
in

vo
lv

in
g 

So
lid

 p
ha

se
 e

xt
ra

ct
io

n 
an

d 
hi

gh
-p

er
fo

rm
an

ce
 l

iq
ui

d 
ch

ro
m

at
og

ra
ph

y.
 

2A
ll

 
se

xe
s.

 
*N

or
m

al
 r

ep
or

te
d 
E3
 l

ev
el

 i
n 

pl
as

m
a 

= 
93

 - 
56

0 
ng

/m
L

 
G

ur
pi

de
, 

E.
, 

G
ie

be
nh

ai
n,

 M
.E

., 
T

se
ng

, 
L 

an
d 

K
el

ly
, 

W
.G

. 
A

m
. 

J.
 O

bs
te

t. 
G

yn
e.

 
10

9:
89

7 
(1

97
1)

 
W

 

W
 B
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



3820 SHEIKH AND TOUCHSTONE 

insight to the genetic defect of Down syndrome is not known. A comparison of the 

ratios of the "free" to the "conjugate" levels might provide useful information. In 

conjunction with concurrent estimation of a-fetoprotein and gonadotropin the 

amniotic estriol could provide the clinician with additional information of the status 

of the fetus. 

CONCLUSION 

The present method is comparable with other micro analytical methods. Solid 

phase extraction methodology and HPLC at subambient temperatures is  applicable to 

other biologically important compounds.  
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