Retinoic acid activity on mamalian embryo in organ culture and evaluation of hazard

and risk in correlation studies between molecular descriptors and ADMET
parameters in a series of X-category drugs

Abstr. no.
Abstr. code

815
PC-006

s

1. Retinoic acid, R = COOH
2. Retinal, R = CHO
3. Retinol, R = CH,0OH

ch\

T 4. Etretinate

L e W

Jadrijevié-Mladar Taka¢ M., Crnek Kunstelj V.2, Barbari¢ M.' and Takac¢ V.3

Faculty of Pharmacy and Biochemistry, Department of Medicinal Chemistry, University of Zagreb, Croatia
2School of Medicine, Department of Biology, University of Zagreb, Croatia
3Health Pharmacy Institution Stefani¢, Zagreb, Croatia

INTRODUCTION METHODS

The active derivative of vitamin A, retinoic acid (RA), as essential component of cell-cell sighaling during A) Teratoma development
vertebrate organogenesis is important for normal embryonic development. RA is an endogenous agonist for
retinoic acid receptors (RARs), the type Il of nuclear receptors (RARa, RARB and RARy) which are ligand-
controlled transcription factors that function as heterodimers with retinoid X receptors (RXRs) to regulate
cell growth, differentiation, survival and death. The concentration of RA must be within a very narrow range
in order to avoid both deficiency and toxicity because the adding of vitamin A or RA to embryos can easily
induce teratogenic effects including major alterations in organogenesis. (1-3) The results of many previous

studies indicate that all endogenous retinoids (retinol, retinal, RA) are toxic and in some cases teratogenic
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o, Methotrrate 5 (4, 5), therefore they are listed in the FDA Pregnancy category X-drugs among a very diverse group of drugs f;'st;gnfit
2 with different structural features, mechanisms of action and clinical indications. (6) The influence of RA on cylinder Lens

development of embryonic teratoma was also a subject of our previous in vitro investigations (7, 8). In

addition, in this study we explored molecular features of selected pregnancy category X drugs, including M?tg'
. ! : RRaaEy : : : : gir
i retinol, retinal and retinoic acid, by correlation studies between computed molecular descriptors (MDs),
10 Ethynyl estramol R=0H,R'=CCH, R®=H . g 2
o oo -con predicted drug-likeness scores (dls) and ADMET properties.
Table 1. The results of teratoma developments investigation Table 3. The number (%) of drugs with computed drug-likeness scores (dlIs) per SR
: : N . . - " each category cultures
Proportion of tissues in teratomas cultivated with RA. NGF and combination RA/NGF in :
serum suplemented medium (MEM/RS) Tissue differentiation in teratoma developed in
R R'RR® RI RS Differentiated tissues 14 days 5 — 14 days of drugs exposure Drug-likeness GPCR | dls ICM dls Kl dis NRL dls Pl dls El dls developed from cultivated rat embryo: lelaiamas
13. Methyltestosterone CH; H H CH; H CH; it i i i sl
14, Fluox{fmestrone CHy OH F CHy H CHz 3 Control RA (105 M) NGF (100 ng/mL) = RA /NGF i Number of drugs (%) ‘Ient.md. b neu.r al tissue. ¢ — gut | di der the Fird to k h
15. Medroxyprogesterone CHO H H CHz CHz CHa Treatmen and 0.50 — 1.70 3 (8 0) 1 (2 7) 0 (0 0) 17 (45 9) 2 [5 0) 17 (45 9) ep|thEI|um. d- Car"t||age Culture medium was put under the gird to keep the
e e h L. g:im number (%) of explants 32 30 28 15 : : : : : : : : lens paper wet. Cultivated media: MEM (Control) =
Keratinized epidermis 29 (90.0) 28 (93.0) 26 (93) 0 (0.0) 0.20-0.49 | 16(43.2) 9(24.3) 2 (5.0) 7(18.9) @ 4(10.8)  9(24.3) _I;:_agle’s minime:! edse:giil J;ﬁiu;:) 0+ ra’; seLrLr:Iné I:(50%);.
tment Jhien .
Imature epidermis 3(9.0) 2 (6.0) 2(7.0) 15 (100.0) <0.19 18 (48.7) | 27(72.9) | 35(94.6) @ 13(35.1) 31(83.8) 11(29.8) cger:bﬁzr;io?\pif: ;1 ath 1o 1¢h davs gfgc::ture. o
Neural tissue 20(62.0) = 20 (66.0) 14 (50.0) 15 (100.0) _ ol
Gukenithelium 25 (78.0) 29 (96.0) 18 (64.0) 14.(93.0) j Fig. 1. Schematic display of teratoma development
Gland epithelium 7 (21.0) 3 (10.0) 6 (21.0) 0 (0.0) e & = y-24a0mcs 7001 7 B) Correlation studies
500 - t . B ]| B . .
Cartilage 24 (75.0) 1(3.0) 19 (68.0) 0 (0.0) L2 2 2ay o Drugs (n = 37) in a series of pregnancy category X-drugs. labelled by FDA as
. [ o
Myotubes 6 (18.0) 8 (26.0) 9 (32.0) 7(46.0) | S *7 g ' u;:‘ij 1 . ?3,___33:'4553 contraindicated in pregnancy. were used in this study. Computed MDs and
Smuth muscles 5 (15.0) 7 (23.0) 7 (25.0) 7 (46.0) N "™ ) '-‘,f"; ADMET parameters of toxicity of investgated molecules were predicted by
= El dis w| A ADMET Predictor Module™ 6.5 (Simulations Plus. Inc. USA). Drug-likeness scores
[ IPldis T o ; TEsans 3 ik
——INRLdis PR P g L B S S R = = were computed by Molinspiration Bioactivity Score (v2011.06) (www-
[ IKldis 20 30 40 50 80 70 ) 5 . ik J 5 5
> 14 I " Molecular polarizability molinspiration.com). Molecular refractivity and molecular polarizability, as well
20 S
[ ] 17 ‘ b
3 . 1_0 g ° 19 26 Fig. 3. Relationship between M, and V Fig. 4. Relationship between molecular as Hickel ané_llys.ls (pl energy) Wele c':omputed by ChemAxon SOﬁwaI:e u
iE °I4.4 B polarizability and refractivity (www.chemicalize.org). All correlation analyses were performed using OriginPro
@ ml 8.0 software (Origin Laboratories. USA).
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L RESULTS AND CONCLUSIONS
= @ * f s 1 2'?
= < -OIS_- a 37 ? 36 g 08 :Z: ' is;s o 3“; . . . . A . .
ol i oy e Mammalian embryo-derived teratomas investigation in organ
8 culture (Fig. 1) treated with with either retinoic acid (RA, c = 10
T MLogP LT . S mol/L) or neural growth factor (NGF, 100 ng/mL) showed no influence

on neural tissue differentiation.
e The combination of RA (¢ = 10> mol/L) and NGF (100 ng/mL)

Fig 2. Drug-likeness scores per each drug 1 — 37 computed by
Molinspiration Molecular Bioactivity Score engine (v2011.06)

(Hickel anaysis) and NRL dls

ol

‘ 23, Dienestrol

influenced the neural tissue differentiation (100%) and the total
" O N . o inhibition of epidermis, gland epithelium and cartilage. (Table 1)
| y=06189x+3.9176 : ¢ s B i : .
‘ ;| R=osTer L. NI g~ { s R ale | | w | e The same effects were observed in experiments of teratoma
34 % 18- R=07334 vol o - : :
. &5 . e o 4 i development treated with RA alone in concentration, ¢ = 10* mol/L.
¥ 2 29 " 24l - o9 0 13,'.1 9 - 340 i . . s - -
25, Siatet \C" W - T f i 0 s ::? Blen S o 5 3 | * The results in this in vitro model revealed the potential
R'=R?= i 0 pod : 2 ol * 5 1515 s 12 o @ 4. J % 2 5 NN 8 2 | Ty " i i i a
2 L O B ¥ R @ 4 . = an sl S i e teratogenicity of RA in higher concentrations (c = 10 mol/L) or in
R X 3l 307 3 = T\ Ty 0 388 Vo3 4 g . . .
2? \PA . LT . P R ot combination with NGF.
TETATe s s e T T U gy * o e Computed MDs and ADMET parameters are listed in Table 2
MLogP TPSA TOX hERG Rigp < 12 P -

e Drug-likeness scores (dls) analysis revealed that 73 % of investigated
molecules are with positive NRL dIs and El dls. Out of total, 45.9% of
molecules were with 0.5 — 1.7 NRL dIs and El dls, while with scores
0.2 —0.49 were 19% of NRL dIs and 24% of El dls (Table 3, Fig. 2).
GPCR | dIs with dIs > 0.5 (8%) and dIs between 0.2 and 049 (44%)
were also computed.

e Linear correlations were obtained between M, and V (Fig. 3), also
between molecular polarizability and molecular refractivity (Fig. 4).

Fig. 10. Relationships between
computed ADMET Risk, TOX Risk and
TOX MUT Risk of investigated X drugs

Fig. 7. The relationship between MLogP and TOX
hERG in a group of investigated X drugs 1-37 with
collinear relationship between drugs: 8, 21-22, 30-
32, 34 and 37

Fig. 8. The relationship between TPSA and
TOX hERG in a group of investigated X
drugs with collinear relationship between
drugs: 8, 21-22, 29 and 34

Fig. 9. Relationship between TOX hERG
and NRL dlIs (computed positive scores)

Table 2. Computed MDs and ADMET parameters of investigated molecules 1 - 37

5+ [ LN ol [ ", . . [
~ . ) S logp ADMET  absn crp tox " tox  Toxmat TOX  TOXBRM GPCR IcM  Kidis NRL Pl Eldis | Molewlsr  Moleculr Insignificant collinearities were obtained with NRL dls v.s. MLogP and
2 o. Molecule MLogP TPSA Mr v Rule of 5 % s MUT polarizability refractivity
0 N Risk Risk  Risk  Risk Risk hERG BRM Mouse I dls dis dis dis g i : o
"j_z’ N Rot | pl energy. However NRL dls found to increase with increasing of
30. Ribavirin 1 Retinoic acid 3.974 | 6.424 37.3 300.444 | 385 0 4 1 0 2 0 | 4521 872.038 | 172901 61254 | 000 014 | -0.18 | 113 | -0.03 | 0.58 36.17 97.791 ‘ : : i
HOC oH
2 Retinal 4.449 6.621 17.07 | 284.445 | 378 1 4 2 0 2 0 | 4592 261643 @ 91.048  408.141 | 015 015 | 023 090 | 008 | 0.52 35.79 96.865 M Logp and decreaSI ng Of pl (Flg S>a nd Flg 6: respectlvely) .
3 Retinol 4531 | 6329 20.23 | 286461 | 385 1 4 2 0 2 1 | 4435 986.011 107.927 271047 | 001 032 | 025 102 016 | 066 36.35 97.923 e |n correlations of M Log P and TPSA with TOX h ERG’ a two sets of
4 Etretinate 4,297 6.974 3553 | 354.493 | 441 i 4 2 0 2 1 49 | 1924209 86.535 @ 278425 | -0.17 @001 | -027 @067  -0.05| 0.31 44.48 118.201 - X :
s S 2a72 | somz | mas | wtar | | o | 5 | 2 | 1 | 1 | o |aso | sssiss | sose | smszer | 021 | 007 | ooz | ost o006 | 037 | 30 | srem molecules were observed, a small subgroup with high collinear
' 2,62 681 ; : 2 1 1 ; ; 15, 1044.2 047 @ 008 | -049 | 043 | 011 | 038 41.66 106.662 : : : i :
& | Wiocpralic e < R R e relationship between TOX hERG either with MLogP (Fig. 7) or TPSA
7 Leflunomide 2.369 2.394 55.13 | 270.212 | 2345 0 4 0 0 4 3 | 4108 326.135 & 1313 | 287.084 | -0.16 \ 007 | 001 | 023 | -031| -0.20 21.99 64.157 i : 2
N | icinain 0313 | 0691 | 21054 | 4508 | 441 | 2 7 | 4 | 1 | 2 | 1 |2643|1370863 | 48172 | 168425 | Os1 | 023 | 038 | 038 | 027 | 072 | 435z | 1s2m (Fig. 8), while the other set represents a cluster of diverse molecules
9 Estradiol 3.635 3.619 40.46 272.39 | 301 0 0 0 0 0 0 | 4221 2752068 21678 861.062 | 018 020 | -036 095 -0.02 | 0.61 31.31 79.905 s - . . >
| including retinoids. It was also found the exponential decrease of TOX
10 Ethynyl estradiol 4.004 3.679 4046 | 296.412 | 329 0 3 1 2 0 0 | 4336 1369.945 | 189.637 894.289 | 033 017 | -0.24 | 118 | 0.03 | 0.61 33.90 87.374
11 | Mestranol 4227 | 4101 | 2946 | 310439 | 350 1 5 2 | 2 1 | 0 4428 1096787 26347 25323 | 024 | 005 | -030 101 000 | 049 | 33.90 87.374 hERG with the NRL dls decreaS|ng (Flg 9)
12 Estron sulfate 2.975 1.534 80.67 | 350.436 | 350 0 3 0 1 1 0 | 4468 872.248 | 100.863 1057.492 | 0.42 017 | -044 | 062 | 0.62 | 0.96 35.49 89.074 . . - . . .
| e For all retinoids (1 —5) included in this study the predicted ADMET
13 Methyltestosteron 3.923 3.624 37.3 30246 | 350 0 3 0 1 2 0 | 4431 1549547 | 13374 604.365 | -003  -0.14 | -0.86 | 117 | -0.13 | 0.57 35.10 89.068
14 Fluoxymestrone | 3.2 2.557 57.53 336.45 | 360.5 0 3 0 1 2 0 396 | 733.015 @ 2.047 | 620704 | 004 | 0.11 | -085 @ 171 @ 055 | 0.72 3543 | 90.189 RISk wdas 4 2 CYP RISI( 0 d nd TOX R|5k 2 ;. whlle TOX M UT R|Sk 1 were
15 Medroxyprogesterone 3.433 3.561 54.37 | 344.497 | 392 0 2 0 0 2 0 | 4506 | 1047.676 4555 | 854.445 | -001 | -0.26 | -089 101  -0.06 | 054 38.86  98.654 , » ( ) . ( ) ( " )
16 Norgestrel 405 3.409 37.3 312.455 | 357 0 2 0 1 1 0 | 4636 728799 9323 | 496223 | 024 010 | 059 128  -0.04 | 067 35.85 92.026 pI"Ed ICtEd fOI" reti nOI 3 o nd etretinate (4) (Ta ble 2' Flg 10).
17 | Norethisterone 3.827 | 2.995 373 | 298.428 | 336 0 2 0 1 1 0O 4458 807728 731 | 502914 | 019 008 | -054 137  -009 | 071 34.00 87.424 ® Pregna ncy cate gory X dru gs have a pote ntial not on |y for
18 Mifepristone 4795 5.027 40.54 | 429.606 | 490 1 6 2 2 2 0 | 5265 329739 | 3381 373834 | 010 -0.02 | -047 | 135 | 0.05 | 0.25 50.04 132.581 o : AT
19 Danazol 4154 | 3.604 46.26 | 337.465 | 364 1 8 2 1 5 3 | 4416 139981 2197 | 90709 | 031 030 | 024 114  -0.10 | 0.62 37.66 98.535 te ratogenluty bUt also for Other ADRS: therefore thelr prescrlptlon
20 | Chenodiol | 3661 | 3.772 | 77.76 | 392.583 | 455 0 2 1 0 1 0 | 4361 213329  139.943 553347 | 033 033 | 039 086 029 | 068 4377 | 109.274 and the use in treatment of P atients should be with extreme caution.
21 Raloxifene 3.437 5.485 70 473.594 | 483 0 6 2 1 2 4 | 6.007 907.258 | 205.835 76.848 | 0.04 -0.14 | -019 | 043 | -0.10 | 0.09 52.98 136.997
22 Chlomiphene . 5.67 7.001 12.47 | 405.971 | 465.5 1 9 1 2 4 1 | 7.96 658548 | 78846 & 17.415 | 015 | -0.17 | 020 @ 0.16 | -0.16 | 0.07 48.23 133.761
23 Dienestrol 3.879 | 4.506 4046 | 266.342 | 308 0 2 1 0 1 1 | 5.168  1683.752  263.432 418.767 | 0.02 | 009 | -0.09 025  -0.11 | 0.13 31.89 84.357
24 Diethyistilbestrol 3.956 4.746 40.46 268.358 | 315 0 1 1 0 0 0 | 5424 1849518  268.131 832918 | 0.16 | 0.04 0.05 049  -0.07 | 0.24 32.12 83.241 References
25 | Simvastatin 4184 | 6.876 526 | 416.605 | 497 1 3 2 1 0 0 4862 1686334 58286 618311 | 030 009 | -034 042  -0.08 056 47.48 120.760 1. Kam, R. K. T., Deng, ‘_f-' C_hen, Y., Zhao, H., 2012, Retinoic acid synthesis and functions in early embryonic
26 Lovastatin 3.98 6.459 52.6 402.578 | 476 0 3 2 1 0 0 | 4954 2080.163 | 69.868 588.499 | 023 006 | -033 | 037 | -0.08 | 0.46 45.63 116.259 development. Cell & Blo_sme_nce _2' 1-14. : frErE ] :
27 Parvastati | 3.192 5.301 83.83 | 420.593 | 504 0 4 3 0 1 0 | 5.065 1096.966 141.852 | 785705 | 0.28 | 0.05 | -0.32 048 -0.01 | 047 47.95 122.630 £ Ruesten 3 200N ReRnaicacid syninesis ARG Sienaling Aenine early dreanoEanEes: Rl 921 0.
: | _ ! 3. Germain, P, Chambon, P, Eichele, G., Evans, R. M., Lazar, M. A,, Leid, M., De Lera, A. R,, Lotan, R., Mangelsdorf, D. J.,
34, Flurazepam, R = (CH,)uN(CHy)s, R' = H, R?= F — ol e sl = s e 1 E E B H e el e SR R L iy gts | O || 1958 i 205 Gronemever, H., 2006, International Union of Pharmacology. LX. Retinoic acid receptors. Pharmacol Rev 58, 712725,
— i 2 3 . » - P
35. Temazepam, R = CHz, R = OH, R* =H 29 | Atorvastatin 3692 | 4749 | 11179 | 558654 | 598.5 1 6 2 1 2 0 | 5133 378333 52325 135165 | 0.07 -0.41 | -0.08 007 001 0.8 62.83 159.623 4. Turton, J. A., Willars, G. B., Haselden, J. N., Ward, S. J., Steele, C. E., Hickst, R. M., 1992, Comparative teratogenicity of
Yy\ 30 Ribavirin -1.583 | -1.805 | 143.72 | 244208 | 210 0 4 2 0 2 3 | 2642  1660.253 | 25191 | 31524 | 031 021 | -021 @ -145  -0.20 | 071 20.51 64.574 nine retinoids in the rat. Int ). Exp. Path. 73, 551-563.
A 31 Quinine 2.415 3.624 4559 | 340.468 | 392 0 0 0 0 0 1 | 5,574 | 422.812 @ 6.634 90.607 | 0.38 | 037 | 005 010 018 | 011 38.35 94,694 5. Teelmann, K., 1998, Retinoids: Toxycology and Teratogenicity to date, Pharmac. Ther. 40, 29-42.
‘ 32 | Methysergide 1.904 | 2.393 575 | 367.494 | 406 0 3 0o | 1 2 3 | 5306 303561 2.638 @ 9691 | 069 005 | 020 0.7 028 | 028 | 4290  109.111 6. Briggs, G. G., Freeman, R. K., Yaffe, S. J., 2011, Drugs in pregnancy and lactation: A reference guide to fetal and
o =N 33 | Warfarin 2767 | 3034 | 5437 | 306364 | 329 0 3 0 | 1 | 1 o | 5084 486019 2442 517.755 | 049 031 | 092 038 039 | 016 | 3451  90.586 neonatal risk. 9th ed,, Lippincott Williams & Wilkins Publishers. il 5
- | | | | - 7. Crnek-Kunstelj, V., Ester, K., Stipic, J., 2002, Role of retinoic acid and DNA methylation in differentiation of
34 Flurazepam 3.794 | 4.192 3591 | 387.887 | 413 0 4 0 2 2 2 | 6251 915972 | 43.045 @ 16424 | 045 041 | -026 @ -0.17 0.0 | 0.00 40.72 107.545 : i : :
O | mammalian embryo in vitro. Period. Biol. 104, 55-66.
= 35 Temazepam 2.953 2.278 529 300.746 | 297.5 0 al 0 1 0 1 4,893 | 1723908 @ 11.206 33.083 0.36 0.34 -0.25 -0.07 | 0.21 0.22 30.95 81.010 8. Crnek-Kunstte, V., Stlplé, 1 Stipié-Markovi(:, A., 2001, Differentiation in embryo-derived teratomas in vitro
. Triazolam -
0‘2:)10 37 Thalidomide 0735 | 0.172 83.55 | 258235 | 231 0 3 0 0 3 3 | 4661 715799 @ 7.644 | 527637 | 028 056 | -0.70 -0.88  -0.13 | -0.12 24.01 64.325
NH
N MLogP - lipophiliciy, TPSA - topological polar surface area, M, - relative molecular mass, V = volume, Rule of 5 - absorption filter designed by Chris Lipinski et. al. , ADMET Risk - a global ris k score, S+Absn Risk - low absorption risk, CYP Risk - MET Risk Ty - : !
ﬁ’jfé with inclusion of the CYP substrate rules, TOX Risk - risk of overall toxicity, including mutagenicity, TOX MUT Risk - risk of mutagenicity in S. typhimurium, TOX hERG - inhibition of the hERG potassium channel in human expressed as pIC50 in molL), TOX  asasQieddissiaiel= 1oL ESRERMEE: T CR:Te Glell Clle LR (R U TR (3ol BTy oo StV o: 1 oy =TGRS oo SRR UTRAT oDl

b RAT - acute lethal toxicity in rat, TOX BRM Rat, - TD50 value of a particular compound in units of mg/kg/day, TD 50 - dose of a au bstance administered orally to rats over the course of their lifetimes that results in the appearance of tumors in 50 percent o f of Croatia, Grant no. 006-0982929-2940 and for the financial support of the University of Zagreb.
their population) , TOX BRM Mouse - TD50 value in mice mg/kg/day, dis — drug-likeness score, GPCR | = G protein-coupled receptor | igand; ICM = ion channel modulator; Kl = kinase inhibitor; NRL = nuclear receptor ligand; Pl = protease inhibitor; El =

enzyme inhibitor.
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