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FOREWORD

Opinions, interpretations, conclusions and recommendations are

those of the author and are not necessarily endorsed by the US
Army.

where copyrighted material is quoted, permission has been
obtained to use such material.

Wwhere material from documents designated for limited

distribution is quoted, permission has been obtained to use the
material.

Ccitations of commercial organizations and trade names in
this report do not constitute an official Department of Army

endorsement or approval of the products or services of these
organizations.

In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals,” prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Resources, National
Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

In the conduct of research utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

In the conduct of research jnvolving hazardous organisms,
The investigator(s) adhered to the CDC-NIH Guide for Biosafety in

Microbiological and Biomedical Laboratories.
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5. INTRODUCTION

Previous studies established the presence of high concentra-
tions of bile acids in breast cyst fluid. The procedures that
were used, particularly gas-liquid chromatography, required the
preparation of volatile derivatives and by necessity, therefore,
the use of chemical procedures that preclude the possibility of
identifying the actual chemical state of the bile acid in the
breast cyst fluid. Thus, it is not known if the lithocholic acid
found in many samples of breast cyst fluid is actually present as
either the taurine or glycine conjugate and also if it is esteri-
fied at the 3 position with glucuronic acid or as a sulfate.
Thus, lithocholic acid could be present in breast cyst fluid in
as many as 9 different chemical species (lithocholic acid, the 3-
glucuronide or 3-ester sulfate, the glycine and taurine conju-
gates, either free or esterified with glucuronic acid or
sulfate). Similarly other bile acids that are present could also
have a minimum of 9 different species if one neglects the pos-
sibility that chenodeoxycholic acid may be esterified at either
the 3 or 7 position.

To begin to tackle this analytical problem it was proposed
that newer methods that would permit identification of the actual
species that exists in breast cyst fluid be developed. This
determination is important because it is known that each of the
species of bile acids can have different biologic effects [1] and
therefore a closer insight on the relationship to breast cancer
can be obtained by identifying the actual species of bile acid
present.

6. BODY: EXPERIMENTAL METHODS AND RESULTS

As indicated in the grant application our approach is to
develop fluorescent derivatives of the bile acids that can be
analyzed by HPILC.

REAGENT SELECTION: After review of the literature [2,3] we chose
to evaluate pyrene-l-carbonyl azide (PCA) [4]. This reagent was
chosen because:

a. the pyrene structure is likely to give the highest sen-
sitivity for detection of the derivatives.

b. the formation of an adduct at the 3-hydroxy position common
to all bile acids would detect all (1) unconjugated bile acids,
(2) glycine-conjugated bile acids, and (3) taurine-conjugated
bile acids. Bile acids esterified at the 3-position, such as
glucuronides or sulfates, would not be detected. However, mild
enzymatic treatment of the sample with B-glucuronidase and/or a
sulfatase would selectively yield a free 3-hydroxyl group for
formation of the PCA derivative. Thus virtually all the known
species of bile acids that might be expected in breast cyst fluid
could be detected.

PREPARATION OF THE REAGENT: Appendix page 1 indicates the method
of synthesis of PCA from the commercially available acid. The




pyrene azide, kept in the refrigerator at -20°C underwent signif-
icant decomposition within a month.

PREPARATION OF DERIVATIVES: Appendix pages 2 and 3 indicate the
reactions that occur in the formation of the PCA-3-ester deriva-
tive of sterols or bile acids. Reflux of PCA in benzene quickly
converts the azide to the isocyanate. The isocyanate reacts with
primary or secondary hydroxyl groups to form the pyrene ester.
Although hydroxyl groups on the 7 and 12 position of the bile
acid ring could theoretically form an ester, they are sterically
much more hindered than at the 3 position.

ANALYSIS OF PYRENE ESTERS OF BILE ACIDS: Appendix pages 4, 5,
and 6 indicate the yields of free and conjugated bile a01ds. It
was found necessary to methylate the carboxyl group to obtain
good reaction conditions. Also the presence of dichloromethane
was found to greatly enhance ester formation. With 10-fold
excess of PCA the reaction was virtually complete.

PREPARATION OF BREAST CYST FLUID FOR DERIVATIZATION: Appendix
page 7 outlines the scheme for isolating the bile acids free of
interfering substances by using a C-18 reverse phase colunn.

ANALYSIS OF BREAST CYST FLUID ENRICHED WITH BILE ACID STANDARDS:
Appendix page 8 indicates the recovery of bile acids added to an
aliquot of breast cyst fluid. Although recovery was satisfac-
tory, the method of sample preparation gave tooc many peaks that
overlap with the bile acid peaks.

The causes for these peaks are currently under investigation.
In part they appear to be derived from (1) decomp051tlon products
of the PCA reagent, (2) 1mpur1t1es present in the C-18 packing,
and (3) unknown naturally occurring compounds present in breast
cyst fluid.

7. CONCLUSIONS

Although pyrene-l-carbonyl azide fulfills the criterion for
sensitivity and provides a technique for forming a derivative via
the free 3-hydroxyl group common to most of the naturally occur-
ring bile acids, its use has a number of limitations. The rea-
gent itself appears to be unstable, requiring frequent synthesis.
The isocyanate is more unstable, needs to be freshly prepared,
and yields a number of fluorescent decomposition products. For
reasons that are not entirely clear esterification of the carbox-
yl group appears to be necessary for PCA-adduct formation to
occur.

Other analytical problems relate to the isolation of the bile
acid fraction from breast fluid. The use of a C-18 reverse-phase
column has been a major advance in bile acid analysis. It is
widely used to isolate bile acids from serum, urine, and feces.
The presence, therefore, of so many unexplained peaks after
derivative formation is surprising.




We are currently evaluating other fluorescent reagents and
other methods of sample preparation.

We currently have 99 samples of breast cyst fluid, lyophilized
and stored at -80°C awaiting bile acid analysis.

8. REFERENCES

1. Baker, P. R., Wilton, J. C., Jones, C. E., Stenzel, D. J.,
Watson, N., and Smith, G.J. Bile acids influence the growth,
oestrogen receptor and oestrogen-regulated proteins of MCF-7
human breast cancer cells. Br. J. Cancer 65: 566-572, 1992

2. Sjovall, J., and Setchell, K. D. R. Techniques for extrac-
tion and group separation of bile acids. In The Bile Acids,
Chemistry, Physiology, and Metabolism, Vol. 4, K. D. R.
Setchell, D. Kritchevsky and P. P. Nair, Eds., Plenum Press,
New York, 1988.

3. Nambara, T., and Goto, J. High Performance Liquid Chroma-
tography. In The Bile Acids, Chemistry, Physiology, and
Metabolism, Vol 4., K. D. R. Setchell, D. Kritchevsky, and
P. P. Nair, Eds., Plenum Press, New York, 1988

4. Fujino, H., Takeda, M. and Shujiro, G. Synthesis and reac-
tivity of Pyrene-l-carbonyl azide as a fluorescent derivati-
zation reagent for alcohols. Yakugaku Zasshi 110:457-461,
1990




EN(O)d%(0ud) = Ydda

%2t

\ Uzl ‘Go%HD 14 010 "ENSIL

v LI v
O

% 08 - OF
3, 0 4Wd vdda an HO

% 8L
O%by

APPENDIX PAGE 1




APPENDIX PAGE 2

;
{
S_—

3 e S I, OH

|

>~/._."- K . -
RCON; ———-——r [NCO e = 1};O0CNHR

P k ' | Cuilius | .
/l B //I k ~  HNCO

A N, I N lean‘ange:.nenl

! polar sulvenls

S : : H -
. \ RO N~
S RO J- fonic intennediatle —————— \“/

G

!

1
i
I
oo
.|: i B
Pl
s’,‘
N

.
i

W




APPENDIX PAGE 3

Xnjjas ‘vuazusq
~¥be Z1) 0oava “be £ 1) vod

% G/ 4y G0 ‘Xnjjal ‘suszusq
~—— b5 1) ODavad (b3 1) vod

OH




APPENIDX PAGE 4

Ry R, Rs3 name of acid
OH OH OH cholic
H OH OH deoxycholic
OH H OH chenodeoxycholic
H H OH lithocholic
OH OH NHCH,CH,COOH glycocholic
OH OH NHCH,CH,SOzH taurocholic




APPENDIX PAGE 5

CORj3

PCA, DABCO (1-1.3 eq.)
benzene, reflux, Thr

Entry R, R2 R3 zcieerli?mcgve

’ H H COOMe 22

2 H OH COOMe 81

3 OH H COOMe ggemmmd
4 OH OH COOMe 19

5 H H NHCH,COOMe

6 H OH NHCH,COOMe

7 OH H NHCH,COOMe 42

8 OH OH NHCH,COOMe 44

9 OH OH NHCH,CH,SOaMe ggtermined




APPENDIX PAGE 6
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Conditions: 2 nmol (2 % 1()‘;9 mol) of cacl methyl ester of bile acid, PCA 100 nmol (1 x 10-7 mol) and DABCO

120 nmol (1.2 x 107 mol) in 200 pth of CHClg were heated in 60 °C until complete evaporation of solvent. Then

100 pd of CHClg was mlde(g and 5 pl of aliquot were injected.




APPENDIX PAGE 7

Breast cyst fluid (50 ug)
MeOH
2ml
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15 min.
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