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SHORT COMMUNICATIONS

Conceptal biotransformation of 4-oxo-all-zrans-retinoic acid, 4-0x0-13-cis-retinoic
acid and all-frans-retinoyl-B-glucuronide in rat whole embryo culture

(Received 20 January 1992; accepted 27 February 1992)

Abstract—In cultured rat conceptuses, intraamniotic microinjections of 2500 ng/mL of 4-oxo0-13-cis-
retinoic acid, 600 ng/mL 4-oxo-all-trans-retinoic acid or 4000 ng/mL all-frans-retinoyl-g-glucuronide,
produce qualitatively and quantitatively similar patterns of dysmorphogenesis as those reported after
the intraamniotic microinjection of 250 ng/mL all-frans-retinoic acid [Lee et al., Teratology 44: 313-
323, 1991; Creech Kraft et al., Teratology 45: 259-270, 1992]. In the present study, we utilized HPLC
techniques to analyze retinoid levels in cultured rat conceptuses, 1.5 hr after intraamniotic microinjections
of 4-0x0-13-cis-retinoic acid (2500 ng/mL), 4-oxo-all-trans-retinoic acid (600 ng/mL) or ali-trans-retinoyl-
B-glucuronide (4000 ng/mL). Our findings show that, after the microinjections of 4-oxo-all-trans-retinoic
acid or 4-oxo-13-cis-retinoic acid (at these selected concentrations), 4-oxo-all-trans-retinoic acid was
predominant in the embryos proper at concentrations of about 200 nM. This was roughly equivalent to
the levels of all-trans-retinoic acid assayed after microinjections of all-frans-retinoyl-g-glucuronide
(4000 ng/mL). We conclude from these studies that both 4-oxo-all-trans-retinoic acid and all-trans-
retinoic acid behave as ultimate or proximate dysmorphogens.

13-cis-Retinoic acid (13-cis-RA,* Accutane®) is a recog-
nized human teratogen [1,2]. After its administration to
humans at therapeutic doses, five metabolites have been
identified in the serum [3]. These are 4-0x0-13-cis-retinoic
acid (4-oxo-13-cis-RA), 4-oxo-all-trans-retinoic acid (4-
oxo-all-trans-RA), 13-cis-retinoyl-g-glucuronide (13-cis-
RAG), all-trans-retinoyl-g-glucuronide (all-trans-RAG)
and all-trans-retinoic acid (all-trans-RA). Each of these
metabolites produces qualitatively similar dysmorphogenic
effects after microinjections into the amniotic sacs of
cultured whole rat embryos on day 10 of gestation. However,
concentration—effect relationships differ markedly for
these metabolites [4,5]). Four- to sixteen-fold higher
concentrations of the glucuronides and cis isomers are
required to elicit incidences and severities of malformations
similar to those produced by all-trans-RA and 4-oxo-all-
trans-RA. Recent evidence has been provided [6] to
indicate that, in cultured whole rat embryos, conceptal
biotransformation to all-trans-RA is most likely responsible
for the dysmorphogenic effects elicited by intraamniotically
microinjected 13-cis-RA (1500 ng/mL) or retinol (4000 ng/
mL). In the present study, we utilized HPLC techniques
to analyze retinoid levels in cultured rat conceptuses 1.5 hr
after intraamniotic microinjections of 4-oxo-13-cis-RA
(2500 ng/mL), 4-oxo-all-trrans-RA (600 ng/mL) or all-trans-
RAG (4000 ng/mL). Quantities chosen were selected
because each elicits approximately equivalent patterns of
dysmorphogenesis (qualitatively and quantitatively) to
those produced by all-trans-RA (250ng/mL) [5]. The
purpose of the study was to investigate the concept that
both 4-oxo-ali-frans-RA and all-trans-RA, in contrast to 4-
0%0-13-cis-RA or the glucuronide conjugates (all-trans-
RAG and 13-cis-RAG), behave as ultimate or proximate
dysmorphogens.

* Abbreviations: 13-cis-RA, 13-cis-retinoic acid; 4-oxo-
13-cis-RA, 4-0x0-13-cis-retinoic acid; 4-oxo-all-trans-RA,
4-oxo-all-trans-retinoic acid; 13-cis-RAG, 13-cis-retinoyl-
B-glucuronide;  all-trans-RAG,  all-trans-retinoyl-p-glu-
curonide; all-trans-RA, all-trans-retinoic acid; DMSO,
dimethyl sulfoxide; and CRABP, cellular retinoic acid
binding protein.

Materials and Methods

The whole embryo culture system with conceptuses from
time-mated pregnant rats (Sprague-Dawley, Wistar-
derived) has been described in detail previously [7, 8].
Explanted conceptuses were cultured for 16 hr in 50%
heat-inactivated (56°, 30 min) female rat serum and 50%
Waymouth’s medium (saturated with a gas mixture of
0,:C0,:N,; 5:5:90) in roller bottles at 37° and in total
darkness, prior to exposure to the retinoid under study.
The microinjection procedure was carried out as described
earlier [7, 8] but in a darkened room with yellow light to
prevent photoisomerization. Amniotic fluid concentrations
of 4-oxo-all-frans-RA  (600ng/mL), 4-0x0-13-cis-RA
(2500 ng/mL) and all-frans-RAG (4000 ng/mL) produced
qualitatively similar patterns and a roughly equal incidence
of branchial arch dysmorphogenesis [5] and were therefore
used in the present study. The 4-oxo metabolites were gifts
from Hoffmann-La Roche, Inc. (Nutley, NJ). All-trans-
RAG was a gift from Drs. James Olson and Arun Barua
of Jowa State University, Ames, IA. Solutions to be
microinjected were prepared in dimethyl sulfoxide (DMSO)
and were checked for correct concentration and purity with
HPLC analysis immediately before each experiment. The
microinjected conceptuses were incubated in freshly
prepared culture medium (saturated with gas mixtures of
0,:C0O;:N,; 20:5:75) in 1.5 hr in the dark. Yolk sacs and
embryos were removed and pooled separately in poly-
ethylene tubes which were kept on ice and stored at —70°.
Litters from 16-24 pregnant rats (approximately 90-190
embryos proper or yolk sacs; 100~180 mg wet weight) were
required for each HPLC analysis of the retinoids and each
group was numbered as an individual experiment (see
Table 1).

The embryos proper or yolk sacs were treated with 2-
3 vol. of isopropanol, vortexed for 1 min and homogenized
at 4° using a Sonic-L converter for 10 sec at a setting of 2
(Branson Sonic Power Co.). The homogenate was
centrifuged at 4° for 20 min at 4000g. A portion (100~
200 mL) of the supernatant fraction was injected into the
HPLC system. The HPLC apparatus consisted of two
model 600 dual piston Shimadzu pumps linked together to
form a binary gradient as described earlier [9]. The
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analytical column (120 X 4.6 mm) was slurry packed with
Spherisorb 3 ODS II (3 uM). Cartridges (20 X 4.6 mm)
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precolumns.

Results

Retinoid levels in tissues of untreated conceptuses
(controls) have been reported recently [6] and are included
again in Table 1 (Expt. 1) for purposes of direct com-
parison.

Levels of retinoids in conceptal tissues measured 1.5 hr
after mlcrom]ectrons on day 10 of 4—oxo-all-transRA
\UUU ﬁg/mh) are shown in Table 1 \E‘.Xpis 2 and J) In
Expt. 2, a total of 135 microinjected conceptuses (litters
from 16 rats) were extracted and analyzed. In the embryos
proper onlv 39 qc/o of 4-oxo-all-trans-RA was detected.

Per, only o¥ I XO-all-ira aetect

A second expenment using the litters of 24 rats (187
embryos), was carried out in order to verify these results.
In both Expts. 2 and 3, levels of all-frans-RA and retinol
were quantitatively similar to those measured in controls
in the embryos proper as well as in the yolk sacs.

Levels of retinoids in conceptal tissues assessed 1.5 hr
after microinjections of 4-oxo-13-cis-RA (2500 ng/mL) into
conceptal amniotic fluid are shown in Table 1 (Expts. 4
and 5) In both embryos proper and visceral yolk
sacs, tissuc levels of all-trans-RA and 13-cis-RA were
quantitatively similar to levels of the same retinoids assayed
in untreated controls. Levels of retinol were higher than
those measured in controls (for reasons currently
unexplained). In experiments 4 and 5, 4-0x0-13-cis-RA (78
and 53 ng/g) and 4-oxo-all-trans-RA (114 and 57 ng/g)
were detected in the embryos proper.

Levels of retinoids in conceptal tissues after intraamniotic
microinjections of all-trans-RAG (4000 ng/mL) are shown
in Table 1 (Expt 6). After microinjections of all-trans-
RAG (a totai of 159 conceptuses from the litters of 24
rats), tissue levels of retinol were higher in both embryos
proper and yolk sacs, than in those of untreated controls.

£ A11_# DA in tha
3-fold increase in levels of all-trans-RA in the

embryos proper (60 ng/g) as well as a 2-fold increase of
this metabolite in yolk sacs (32 ng/g). Approximately 40%
of microinjected glucuronide (all-frans-RAG, 896 ng/g: 13-
cis-RAG, 796 ng/g) was detected in the embryos proper.
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Discussion

Our HPLC analyses showed that following intraamniotic
microinjection of 4-oxo-all-trans-RA, the 4-0x0-13-cis-RA
isomer was present in the embryo proper. Similarly, after
microinjections of 4-0x0-13-cis-RA, the 4-oxo-ali-trans-RA
isomer could be detected in both the embryo proper and
yolk sac, and after microinjections of all-trans-RAG, the

13-cis-RAG isomer was detected in the volk sac and
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embryo. These results indicate that isomerization of
retinoids in conceptal tissue occurred under our exper-
imental conditions. Moreover, after microinjection of all-
trans-RAG, there was a 2- to 3-fold increase of all-trans-
RA in the yolk sac and embryo as compared to controls,
which indicated that hydrolysis of the glucuronide conjugate
had taken place. Comparable levels of the all-trans-4-oxo-
metabolite were measured in embryos proper after
intraamniotic mrcrom]ectrons of a large quantity of 4-oxo-
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4-oxo-all-trans-RA (600 ng/mL). Levels of 4-0xo-13-cis-
RA inthe embryos proper and yolk sacs after microinjection
of 4-oxo0-13-cis- or 4-oxo-all-trans-RA were always lower
than concentrations of 4-oxo-all-trans-RA. Therefore, 4-
oxo-all-trans-RA is most likely a direct acting dysmor-
phogen.

* Corresponding author: Dr. Joan Creech Kraft,
Department of Pharm{cplggy $J-30, University of

Washington, Seattle, WA 98195. Tel. (206) 543-4274; FAX
(206) 685-3822.
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After intraamniotic microinjection of all-trans-RAG, the

3-fold increase in levels of all-frans-RA, compared to
controls, makes it seem probable that all-trans-RA is
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largely responslble for the dysmorphogenesrs elicited by
all-trans-RAG. Whether increases in the embryo proper
of all-frans-RAG and 13-cis-RAG contribute to the
dysmorphogenic effect cannot be concluded from these
studies, but the available data from these and previous
studies [5, 10] do not provide support for that concept.
Interestingly, the reported embryonic levels of all-trans-
RA (60 ng g) 1.5 hr after intraamniotic microinjections in
rat whole embryo culture of 4000 ng/mL all-trans-RAG

ware vary cimilar ta tha ambecnmia Ao aamdandd oo o
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trans-RA  (60-100ng/g) 1.5hr after microinjection of
4000 ng/mL retinol or 1500 ng/mL 13-cis-RA [6]. Since all-
trans-RA, but not 13-cis-RA, binds with high affinity to
both cellular retinoic acid bmdmg protein (CRABP)
[11, 12] and @, B and y RAR receptors [13], our detected
amounts of all-trans-RA may have been stabilized in the
embryos proper through protein binding. Even 24 hr after
intraamniotic microinjections of all-trans-RA (250 ng/mL),
13-cis-RA (1500 ng/mL) all-trans-RAG (4000 ng/mL) or
retinol (4000 ng/mL) in rat whoie embryo cuiture,
embryonic levels of all-frans-R A were always 10-fold higher
than those of the untreated controls (10].

H 1 I —all_éemuma T A
Binding studies have shown that 4-oxo-all-frans-RA

binds with only slightly less affinity to CRABP than all-
trans-RA and that 4-0x0-13-cis-RA binds with 10-fold less
affinity to CRABP than all-frans-RA [12, 14]. However, 4-
oxo-all-frans-RA has somewhat less binding affinity to the
RAR a, B and y receptors than does all-frans-RA [13], and
this may explain the 2-fold differences between levels of
all-rrans-RA and 4-oxo-all-trans-RA needed to produce
dysmorphogenesis in our culture system in vitro.

We conclude from these studies with intraamniotic
microinjections in rat whole embryo cuiture that conceptai
biotransformation of 4-0x0-13-cis-RA and all-trans-retin-
oyl- ﬁ-glucuromde to 4-oxo-all-trans-RA and all-trans-RA,

recner'rnmlv is nlaymg a major role in the dysmerphegemc

effects e11c1ted by the latter two compounds. Since both
all-trans-RA and 4-oxo-all-frans-RA were also present in
the serum of a woman who was being treated with
Accutane® (13-cis-RA) [3), it is tempting to speculate that
they are likewise playing a major role in the human
teratogenic activity of 13-cis-RA.

Acknowledgements—This work was supported by NIEHS
Grants ES- 04041 and ES-07032. We thank Hoffmann-
LaRoche for their supply of retinoids and Drs. james
Olson and Arun Barua for their gift of all-trans-RAG. We
thank Trina Irico for her excellent technical assistance.

Department of Pharmacology
School of Medicine
University of Washington
Seattle, WA 98195, U.S.A.

JoaN CREECH KRAFT*
MonTt R. JucHAU

REFERENCES

1. Rosa FW, Teratogenicity of isotretinoin. Lancet 2: 513,
1983.

. Lammer EJ, Chen DT, Hoar RM, Agnish ND, Benke
PJ, Braun JT, Curry CJ Fernhoff PM, Grix AW Jr,
Lott IT, Richard JM and Sun SC, Retinoic acid

embrvonathv. N Enal J Mad 2112: Q27_841 1098

CIRVLYOPALLY. IV LNGi v HEeG S5 55 i—O4 1, 1700,

3. Creech Kraft J, Slikker W Jr, Bailey JR, Roberts
LG, Fischer B, Wittfoht W and Nau H, Plasma
pharmacokinetics and metabolism of 13-cis- and all-
trans-retinoic acid in the cynomolgus monkey and
the identification of 13-cis- and all-trans-retinoyl-g-
glucuromdes A compatrison to one human case study
with isotretinoin. Drug Metab Dispos 19: 317-324,
1991.

[S¥]



2292

4. Lee QP, Juchau MR and Creech Kraft J, Microinjection
of cultured rat embryos: Studies with retinol, 13-cis-
and all-trans-retinoic acid. Teratology 44: 313-323,
1991.

5. Creech Kraft J, Bechter R, Lee QP and Juchau MR,
Microinjections of cultured rat conceptuses: Studies
with 4-oxo-all-trans-retinoic acid, 4-oxo-13-cis-retinoic
acid and all-trans-retinoyl-B-glucuronide. Teratology
45: 259-270, 1992.

6. Creech Kraft J, Bui T and Juchau MR, Elevated levels
of all-trans-retinoic acid in cultured rat embryos 1.5 hr
after intraamniotic microinjections with 13-cis-retinoic
acid or retinol and correlations with dysmorphogenesis.
Biochem Pharmacol 42: R21-R24, 1991.

7. Stark KL and Juchau MR, Microinjection of cultured
rat embryos: A new technique for studies in chemical
dysmorphogenesis. Toxicol App! Pharmacol 100: 411-
416, 1989.

8. Stark KL, Lee QP, Namkung MJ, Harris C and Juchau
MR, Dysmorphogenesis elicited by microinjected
acetaminophen analogs and metabolites in rat embryos
cultured in vitro. J Pharmacol Exp Ther 255: 74-82,
1990.

9. Creech Kraft J, Eckhoff Chr, Kuhnz W, Loefberg B
and Nau H, Automated determination of 13-cis- and
all-frans-retinoic acid, their 4-oxo-metabolites and
retinol in plasma, amniotic fluid and embryo by

Short communications

reversed-phase high-performance liquid chromato-
graphy with a precolumn switching technique. J Lig
Chromatogr 11: 2051-2069, 1988.

10. Creech Kraft J and Juchau MR, Correlations between
conceptal concentrations of all-trans-retinoic acid and
dysmorphogenesis after microinjections of all-trans-
retinoic acid, 13-cis-retinoic acid, all-frans-retinoyl-g-
glucuronide or retinol in cultured whole rat embryos.
Drug Metab Dispos 20: 218-225, 1992.

11. Kwarta RF, Kimmel CA, Kimmel GL and Slikker W
Jr, Identification of the cellular retinoic acid binding
protein (CRABP) within the embryonic mouse (CD-
1) limb bud. Teratology 32: 103-111, 1985.

12. Howard WB, Sharma RP, Willhite CC and Dawson
MI, Binding affinities of retinoids to fetal cellular
retinoic acid-binding protein (CRABP) in relation to
their teratogenic potency in hamsters. Biochem
Pharmacol 40: 643648, 1990.

13. Apfel C, Crettaz M and LeMotte P, Differential
binding and activation of synthetic retinoids to retinoic
receptors. In: Retinoids in Normal Development and
Teratogenesis (Ed. Morriss-Kay G). Oxford University
Press, Oxford, in press.

14. Willhite CC, Jurek A, Sharma RP and Dawson MI,
Structure-affinity relationships of retinoids with
embryonic cellular retinoic acid-binding protein.
Toxicol Appl Pharmacol 112: 144-153, 1992.

Biochemical Pharmacology, Vol. 43, No. 10, pp. 2292-2295, 1992.
Printed in Great Britain.

Effects of 1,25-dihydroxyvitamin D; analogue 1,24(OH)2-22-ene-24-cyclopropyl D,
on proliferation and differentiation of a human megakaryoblastic leukemia cell
line

(Received 20 January 1992; accepted 24 February 1992)

Abstract—The novel analogue of 1,25-dihydroxyvitamin D; (1,25(OH), Dj), 1,24(OH)2-22-ene-24-
cyclopropyl D, (calcipotriol, MC903), exhibits similar effects on cell proliferation and cell differentiation
in a newly established human megakaryoblastic leukemia cell line (HIMeg). MC903 was found to
inhibit cell proliferation and induce cell differentiation in a liquid culture system at concentrations
comparable to those of 1,25(OH); D;. Colony formation assay showed that MC903 or 1,25(OH), D,
markedly diminished the colony-forming ability of HIMeg cells at concentrations of 107°M to 107 M.
Cell cycle analysis demonstrated that, as seen with 1,25(0OH), D;, MC903 also altered the cell cycle
distribution; the fraction of cells in G, + G, increased while those in S and G, + M decreased. It can
be concluded from these findings that 1,25(OH), D; and its analogue MC903 have approximately
equipotent effects on cells of megakaryoblastic lineage and are potentially useful in studying the cellular
processes that are responsible for megakaryocytopoiesis.

0006-2952/92 $5.00 + 0.00
© 1992. Pergamon Press Ltd

Vitamin D; is a secosteroid; sequential hydroxylation in.

the liver and kidney converts it to 1,25-dihydroxyvitamin
D, [1,25(0H), D4*] which is the active form. 1,25(OH),
D, has profound effects on the regulation of bone and
mineral metabolism [1]. Most, if not all, of its actions are
mediated like steroid hormones via binding and activation

* Abbreviations: MC903, calcipotriol, 1,24(OH)2-22-
ene-24-cyclopropyl D,; 1,25(OH), D, 1,25-dihydroxy-
vitamin D;; HIMeg, human megakaryoblastic leukemia
cell line; IMDM, Iscove’s modified Dulbecco’s medium;
FCS, fetal calf serum.

of high affinity nuclear receptors. The activated receptors
then modulate gene expression by binding to hormone
response elements of the target genes [2]. In classical target
tissues, 1,25(OH), D; enhances the expression of the
calcium-binding protein, alkaline phosphatase, and the 24-
hydroxylase [1-3]. Extremely sensitive radioligand receptor
binding assays have shown that 1,25(OH), D; receptors
are present not only in the classical target tissues such as
bone, intestinal mucosa and kidney, but also in the skin,
endocrine glands, thymus, brain, bone marrow, and
activated or transformed lymphopoietic cells, among other
tissues [4, 5]. The presence of high affinity 1,25(OH), D,



