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Accutane (isotretinoin, 13-cti-retinoic acid, 13-cis-RA) is a potent human teratogen [l-3], and it has been 

proposed that high doses of retinol taken during pregnancy also pmsent a hub teratogenic risk [4,5]. 

Recent studies in virro, with a rat whole embryo culture system, compared concentration-effect relationships 

for all-trans-xetinoic acid (all-fruns-RA), 13-cis-RA and retinol after intmamniotic microinjections on day 10 of 

gestation [6]. The dys~hoge~c effects elicited were qu~i~tively similar for all three retinoids, but were pro- 

duced by a low concentration of all-truns-RA (250 ng,!mL), a 6-foId higher concentration of 13-cir-RA and an 

approximately ldfold higher concentration of retinol. The present study uses this unique method of intraamniotic 

microinjection of cultured rat conceptuses, followed by HPLC analyses of the pertinent retinoids in conceptal 

tissues 1.5 hr after microinjections of all-rrunr-RA (250 ng/mL), 13-cis-RA (1500 ng/mL) or retinol(4000 ng/mL) 

on day 10 of gestation. The objective of this study was to determine whether conceotalconversion of 13-cis-RA 

and retinol to all-pun.r-RA may have been a prerequisite for the dysmorphogenic activity of the latter two chemi- 

cals. 

Tbe whole embryo culture system with conceptuses from time-mated pregnant rats (Sprague-Dawley, 

Wistar-detived) has been described in detail previously [7,8]. Explanted conceptuses were cultured for 16 hr in 

50% heat-inactivated (56o,30 min) female rat serum and 50% Wa~ou~‘s medium (saturated with a gas mixture 

of 02:C02:N2 ; XWO) in roller bottles at 370 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 pho~iso~~zation. Amniotic fluid concen~ations of all-rrum-RA (250 ng&nL), 1 3-c&-RA (1500 ng/mL) 

and retinol(400 ng/mL) produce qualitatively similar patterns and a roughly equal incidence of branchial arch 

dysmorphogenesis [6] and were therefore used in the present study. The retinoids were gifts from Hoffmann-La 

Roche, Inc. (Nutley, NJ). Solutions to be micminjected were prepared in dimethyl sulfoxide (DMSO) and were 

checked for correct concentration and purity with HPLC analysis immediately before each experiment. The micro- 

injected conceptuses were incubated in freshly prepared cultum medium (saturated with gas mixtures of 

@:CO2:N2; 20575) for 1.5 hr in the dark. The yolk sacs and embryos were removed and pooled separately in 

polyethylene tubes which were kept on ice and stored at -700. Litters from 16 pregnant rats (app~ximately 90-150 

embryos proper or yolk sacs; 100-150 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 i~~p~ol, vortexed for 1 min and homogenized at 4O using a Sonic-L converter for 10 see at a 

setting of 2 (Branson Sonic Power Co.). The homogenate was centrifuged at 40 for 20 min at 40 g. A portion 

(100-200 pL) 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 

analytical eluents consisted of solvent A (~~~01) and solvent B (40 nM ~~niurn acetate, pH 7.3, and metha- 

nol, 50% v/v). The pumps interfaced with a Shimadxu SPD-6AV UV-VIS detector (set at 354 nm) and a Shimadzu 

CRA Chromatopac data processor. The system was equipped with a Shimadzu mixing chamber and manual injec- 

tor. The analytical coIumn (120 x 4.6 mm) was slurry packed with Spherisorb 3 ODS II (3 pm). Cartridges 
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(20 x 4.6 mm) prepcked with Lichrosorb RP 18 (10 pm) were used as precolumns. 

The tissue levels of mtinoids found in untreated conceptuses (controls) on day 10 of gestation are shown in 

Table 1. Endogenous levels of all-fruns-RA were 20 nglg in embryos proper and 18 rig/g in yolk sacs and were 

lower for 13-cis-RA. 3 rig/g in both the embryos proper and yolk sacs. The endogenous levels of retinol were 

194 rig/g in the embryos proper and 255 rig/g in the yolk sacs on day 10 of gestation. 

The levels of retinoids in conceptal tissues 1.5 hr after microinjections of all-rruxs-RA (250 ng/mL), 

I3-cis-RA (1500 ng/ml) or retinol(4OOO r&t&) into the amniotic cavity in rat whole embryo culture on day 10 of 

gestation are shown in Table 1. Relatively high levels of ail-rrans-RA and retinol were found in the embryos 

proper by 1.5 hr (all-rrux.r-RA, 247 rig/g and retinal, 3280 ng/g). Measured levels of the micminjected retinoids in 

the yolk sacs were 2- to 3-fold lower than these. The 4-0~0 metabolites and &glucuronides could not be detected 

in the conceptal tissues at this time point. Interestingly, only a small percentage of the microinjected If&-RA 

was detected in embryos proper or yolk sacs at 1.5 hr, in two experiments. This indicated that lZcis-RA had not 

accumulated in the embryos proper or yolk sacs at this time point, as did both all-truns-RA and retinol, but may 

have remained predominantly in the amniotic cavity or may have undergone rapid biotransformation. (Because of 

the minute quantities present, measurements of retinoids in the amniotic cavity were not possible.) The all-trans 

isomer was found in the embryos proper at higher levels than 13-cis-RA after microinjections of lfcis-RA. 

TABLE 1. Levels of mtinoids in control conceptal tissues and 1.5 hr after microinjections of all-fruns-RA, 
13-ciA.A or duo1 into the amniotic cavity in rat whole embryo cultlues on &y IO of ge%ation 

Control all-trans.RA 
(250 ng/mL) 

U-cis-RA Retinof 
(1500 ng/mL) (4000 ng/mL) 

Mctabolitc 

(nglg) 

ExP~. Embryo Yolk 
No. PrgHr 11.C 

Expt. Embryo Yolk 
No. Prop- ..C 

Expt. Embryo Yolk 
No. pro)cr WC 

Expt. Embryo Yolk 
No. Proper ..C 

13.cir-RA I’ 3t 3 a 47 27 5 >I 22 

all-trons-RA 1 20 18 2 247 102 ;: 64 z 5 72 36 
108 

Rctinol I 194 255 2 239 360 : z 318 5 3280 900 
285 

* The foIlowing mm&r of embryos proper or visceral yolk SBCS were used: experiment 1.90; experiment 2,148: expaiment 3.119; 
experiment 4.142; expcrimettt 5.135. 

t Duplicate or triplicate HPJX mtllyscs (not shown) were carried out in each experiment and confumed the data of the fust HPLC mtllysis 
carried out immediately after collectiott of the samples. 

These findings relate directly to observations in vivo in which I3-cis-RA was detected at very low levels 

in mouse embryo tissues after the oral administration of marginally teratogenic doses of I3-cis-RA (10 and 

100 mg/kg; embryo/ maternal plasma concentration ratios of -0.1 and 0.03, respectively, at 2 hr) [ IO,1 I]. Zn vivo, 

as in vitro, the a&FrUm isomer was detected at higher concentrations than 13-cis-RA in the embryo after oral 

adminis&ation [ 10,l I] or in~~niotic ~~inj~tion of 13-cis-RA. Creech Kraft ef al. [ 11 J have also shown 

with experiments in vivo that all-rrurts-RA readily accumulates in tissues of the mouse embryo proper at levels 

nearly equivalent to measumd plasma concentrations after oral administration of teratogenic doses (10 mgkg; 

embryo/maternal plasma concentration ratios of -0.9 at 2 hr) [ 1 I]. This finding is reflected in the experiments 

in vifro presented here.The same approximate concentration of all-truer-RA (250 ng/mL) placed in the amniotic 

cavity was detected in tissues of the embryos proper after 1.5 hr. 

Possibly the most important observation of this study is that all-tram-RA was detected in the embryos 

proper at levels between 64 and 108 rig/g after the microinjections of 13-cis-RA (1500 ng/mL), or retinol 
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(4000 ng/mL). These levels of all-wunr-RA were 3- to 5-fold higher than those detected in untreated embryos on 

day 10 of gestation and almost certainly conttibuted to the dysmorphogenesis observed [8]. Tissue levels of 13-cis- 

RA measured after microinjections of either all-rruns-RA or 13-cis-RA were similar and always lower than the 

levels of all-frunr-RA. Therefore, 13-cis-RA appeared unlikely to contribute substantially to the observed 

dysmorphogenic effects. 13-cis-RA was only marginally detectable in conceptal tissues after microinjections of 

retinol and appeared similarly unlikely to play a major direct role in the dysmotphogenic activity of that retinoid. 

Whether elevated levels of retinol were contributing to the observed dysmorphogenesis, however, cannot be ruled 

out completely. 

Our reported data strongly suggest that ~ tissues am capable of biotransformation of 13-cis-RA and 

retinol and that all-mans-RA likely is ultimately responsible for the dysmorphogenic effects produced by 13-cis-RA 

and retinol in the embryo culture system. It should be noted that, although 4-OXO-all-truns-RA was not detected in 

the conceptal tissues at the time point measured, it is a dysmorphogen, nearly as potent as all-tranr-RA in our 

culture system [unpublished results] and most likely is playing a role in human lZcis-RA teratogenicity. From the 

results presented here, using our culture system, we conclude that isomerization of 13-cis-RA and oxidative bio- 

transformation of retinol to all-trans-RA within embryonic tissues seem to play a crucial role for the 

dysmorphogenic activities of 13-cis-RA and retinol, respectively. 

The fact that all-rrunr-RA, but m 13-cis-RA, binds with high affinity to both the cellular retinoic acid 

binding protein (CRABP) [ 12,131 and the a&y RAR receptors [ 141 also makes our findings less surprising. All- 

rrurts-RA can be easily stabilized in the embryos proper through protein binding. More importantly, and of particu- 

lar relevance to our studies on dysmorphogenesis is that RAR-a and RAR-B reportedly occur in mouse embryos 

during early morphogenesis in both the hindbrain and in the spinal cord. The distribution of CRABP correlated 

well with the known target tissues of retinoid teratogenesis [ 151. 

B This work was supported by NIEHS Grants ES-04041 and ES-07032. We thank Hoffmann- 

La Roche for their contribution to buy HPLC equipment. 
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