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Key facts

s Anxiety disorders are the world’s most common mental disorders, affecting 301
million people in 2019.

¢ More women are affected by anxiety disorders than men.

e Symptoms of anxiety often have onset during childhood or adolescence.

e There are highly effective treatments for anxiety disorders.

Comprehensive mental health action >
plan 2013-2030

e Approximately 1 in 4 people with anxiety disorders receive treatment for this Mental Health Gap Action Programme >
condition. (mhGAP)
Overview More on mental health >

Everyone can feel anxious sometimes, but people with anxiety disorders often experience
fear and worry that is both intense and excessive. These feelings are typically accompanied
by physical tension and other behavioural and cognitive symptoms. They are difficult to
control, cause significant distress and can last a long time if untreated. Anxiety disorders
interfere with daily activities and can impair a person’s family, social and school or working

life. Fact sheets

An estimated 4% of the global population currently experience an anxiety disorder (7). In
2019, 301 million people in the world had an anxiety disorder, making anxiety disorders the
most common of all mental disorders (7).

Mental disorders

8 June 2022
Although highly effective treatments for anxiety disorders exist, only about 1 in 4 people in

need (27.6%) receive any treatment (2). Barriers to care include lack of awareness that this is
a treatable health condition, lack of investment in mental health services, lack of trained
health care providers, and social stigma.




To construct a multi-target model
of the dependence of the
anxiolytic activity of chemical
compounds on their multiple
docking energies using
correlation convolution and
artificial neural networks



e Construction of optimized 3D models of
ligands

e Selection and validation of relevant biotargets
Formation of spaces for multiple docking

e Performing multiple ensemble docking to
relevant biotargets

e Correlation convolution of multiple docking
energy spectra

e Formation of training set

Training of neural networks and selection of
the best model
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Verified database of anxiolytic substances

Anxiolytic Substances v11 - Corrected

Structure
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Construction of optimized 3D models of ligands

Molecular mechanics 10 conformers

Vassiliev P. M., et al. Biochem. (Mosc.) Suppl. B: Biomed. Chem., 2019; 13(3):256-263.



Selection and validation of relevant biotargets
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Prediction of target
activity of chemotypes

Selection of similar
inactive compounds |

1l

P
0 1 Docking of standard compounds

(2 | and selection of valid 3D models
b -

Set of validated 3D models |

22 relevant blotargets

22 valid 3D models
PA N

Vassiliev P. M., et al. Pharmaceuticals, 2023; 16(5):731.



Multiple docking

Ligands interact with the protein throughout its entire volume

e Active concentration 1019 M.
Avogadro's number ~6-107%3.
~6-1013 ligand molecules
Interact with the target protein!

e RAGE volume 34 902 As.
Ligand volume 1578 A3.
The ligand fits

into the receptor space
at least 22 times!

Vassiliev P. M., et al. Volgograd Scientific Medical Journal, 2021; 3:57-61.
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Multiple ensemble docking to relevant biotargets

Y

Total processed
537 -22-27-5-10
~ 16 000 000
docking energies

Perfilev M. A., Vassiliev P. M., et al.

Each of 537 ligands
to each of 22 3D models
to each of 27 spaces
5 times in 10 conformations
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gueput will bBe ..K..Hliuand:KFlavcpiridul—FHT_cut.pdbq:
Decacced 12 CPUS
WAENING: at low exhaustciveness, it may be i=mposasible to utilize all CFOa

Eeading input ... done,
Setting op the scoring funcciom ... done.
Analyzing the binding site ... done.

Using random sesd: S5895102%&
Perfarming search ...

Russian Chemical Bulletin, 2023; 72(4):1075-1082.




Correlation convolution

COVi'k|
_ j - _ _ L
Rijkl T L]=1.. M, k=1..K, I=1...L, 1#]
Ikl * < kI
L LM
Wkn =ZZZ Rijki - Xitkn * X jikn » K=1..K, n=1..N
=i, j=1
17 ]

K =22, number of biotargets
M =27, number of docking spaces
L =5, number of docking energies for space i

N =537, number of substances

2970 docking energies ——Jp 22 convolution variables
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Formation of training set

Mol _ID

Codle
CHEMBLI9259
CHEMBLA13136
CHEMBL3410223
CHEMBL323519
CHEMBL204240
CHEMBL314608
CHEMBL313178
CHEMBLI101045
CHEMBLA43621
CHEMBLA4E7 I
CHENBL3409256
CHEMBL153323
CHEMBLAEER47
CHEMBL3084529
CHEMBL3410224
CHEMBL13662
CHEMBL3246317
CHENBL3808873
CHEMBLET100
CHEMBL157522
CHEMBLA40812
CHEMBLIBZA8
CHEMBL155270
CHEMBLEREOR
CHEMBLBRET1
CHEMBL357352
CHEMBLA4515
CHEMBL373298
CHEMBLAEZ219
CHEMBL2G0S70
CHEMBLET?90
CHEMBL183334
CHEMBL431298
CHEMBLEA3437
CHEMBL319966
CHEMBLA
CHEMBLADY0E
CHEMBLAES161
CHEMBLES 106
CHEMBLBRSS?
CHEMBLT D418
CHEMBL2263293
CHEMBL190772
CHEMBL20042
CHEMBLAA6089
CHEMBL371631
CHEMBL187827

him
hirm
him
il
him
il
him
him

il
him
il
him
firm
il
him
firm

LevHWM ADRA1A ADRA1B ADRAZA ADRAZB AGTR1 CA? CA4 CNR1 GABAR HTR1A HTR1B HTR1D HTR2A HTR2B HTR2C HTR4 HTR7
16278 18609 17455 18446 18109 14903 12669 14127 20663 21214 16198 17404 19442 13662 19454 19865 15295 10879 18473 3183 22906
14868 17099 147594 16137 15451 12078 10294 11251 16248 17427 12848 16467 18570 11839 18997 18216 11970 9607 16880 27271 20472
11852 13935 12748 14935 13927 11120 9701 9533 18033 18999 12326 13836 15866 10189 148055 16350 11863 8939 14991 27412 1723
10832 11218 10318 12985 1179 1591 _JRA! 112785 15856 10832 1g168 131 8758 1470 13362 10077 7212 13512 21909 14430
100858 11098 9952 11353 1071 2 7 503 125A 9;( E 8943 777 11629 19264 13112
10056 11154 9986 11380 1077 5 7854 m I D ‘Ggam 727R 11685 21543 14357
1575A 17820 16585 R NI oY . s - i oo e e oy s i e 10543 1776 30412 217AR8
10158 11086 9350 12685 11113 100BA 8762 8396 12079 18169 10266 11148 12901 8242 11878 11931 9819 7N 13264 20097 13973
10644 10914 10052 12565 111588 97B3  B397 8134 11871 14655 10048 10965 12494 8124 12326 12538 9293 ey 12988 19797 13808
10235 10862 9665 12236 1070 9481 8237 8191 1803 1418s 10021 13y 12112 7838 1833 127ey w229 a4 121389 19905 13106
5535 18932 13122 12405 43 20790 21 17841 4 12438 1926 753 1403 10866 J28 026
2 37 With= prohoupéced: actiVits
B4 4651 11 10774 " ) 170 12
13034 14415 13602 14811 18314 11BBS 9927 15328 1?164 11916 14686 16647 10625 14668 15677 113%5 9014 14895 27452 20032
11747 14147 12607 15214 13653 11026 9401 9838 14955 16242 12058 13198 15475 9764 14485 16342 12004 8434 14444 2R397  1B9AH
15243 15965 141580 16769 14374 12930 12157 11423 18667 17019 13803 15380 16634 11023 16270 17534 12992 11708 15470 26886 17982
13229 18026 1301 1 1387 12142 10783 14471 1465 10 14236 23029 17118
9778 11786 10621@4 BAEWEEQ 727 E@W a@ti&i I t 1680 20562 14043
12893 14435 122 1 13492 10616 934 16652 14368 ™M4280 34 13684 24600 17597
14875 15179 138241 16268 13823 12489 11467 11140 19337 16193 13134 14992 15574 10707 15799 16502 12868 10911 14782 26470 17931
10418 110580 9974 12446 11001 9614 8231 8011 12265 14812 10343 11392 12327 8338 12007 12620 9604 BYE4 12904 20891 14109
15643 18148 17201 18217 18314 14526 12580 13336 20207 20255 1R1Z7 17094 19634 13950 184594 19099 14831 10679 18614 31388 22354
12207 121562 10890 12782 11726 10204 8 16741 13265 10B48 12895 1280 8975 12968 13210 10370 9190 12626 21024 18422
10804 11639 10782 11558 11549 10788 9@8%1292? 1 1 1 12677 9644 8762 13171 211299 14364
9245 10110 9300 107582 10161 8736 7 12048 m@;ugr1® m ﬁg 12634 8604 B933 11068 1859 127R1
11888 13330 12086 14470 12832 11833 10451 9959 17209 16123 12118 13284 15113 10041 14893 16124 11085 949 14883 23993 16409
13115 15980 14560 14938 14428 12015 108583 10639 18365 17236 13396 16130 16277 10324 16437 19481 11785 9385 14846 27084 18447
13736 14746 13252 168864 14743 12150 10803 11017 16776 18649 13468 15??0 16682 11151 16054 16E636 12515 G686 16004 27446 18379
10807 12231 10826 11644 11287 9478 8556 12461 13105 10539 ﬁ2?8? 8955 12724 13639 SA4R 524k M9e 21203 14752
14191 16930 13128 18083 14738 11?45?2 11618 E m 18123 12380 9663 16311 26784 18556
8778 9786 8355 9454 9733 8059 =) ?35?$ 2§ B p ] @ 11351 7764 528 10139 16602 116850
12826 15199 13885 18822 14908 11537 10414 11191 192683 17702 128898 15232 1GB305 15839 16327 12212 9253 16770 268E0 18048
12755 15059 14106 16543 14609 12406 10098 10429 16674 18177 12861 13703 16421 10492 18973 17116 12295 8B15 16389 28327 18777
10026 1027 10221 10872 10889 8713 826 7B04 12631 12727 9603 11018 12122 8002 11896 13215 G096 7967 11868 18760 13284
14176 16072 13920 16272 184562 12668 1624 11871 20377 17932 13268 18785 17368 11357 16185 17789 13109 10878 16436 28435 19776
11803 13027 11635 12743 12449 9943 9154 9423 14441 13549 10808 12520 13443 9602 13234 13866 10005 9400 1920 22683 15354
13625 165499 13608 1M7E 14077 12267 10661 10263 14907 16017 13311 18028 16724 10310 14670 18695 11431 10326 168014 24832 17792
13384 14197 10658 14399 13165 13360 10355 9366 14232 16762 11895 14843 16323 10418 14080 13511 11278 8549 15891  2RAG92 159747
9256 10248 9442 10774 10380 arFe7  7ad2 7792 12108 11711 938 10881 1011 8012 11212 12835 BBE3 0 GE8R 10887 18117 12618
9941 11026 10154 1463 10714 9409 8235 8262 12076 128R8 9724 10956 11653 8050 12106 13468 9160 7486 11480 19973 13184
12224 14630 1327 11652 11920 10445 9220 8870 13129 12974 10BBS 12727 14383 9722 13603 15299 10070 8867 12758 21937 18306
12840 13703 12143 16298 13616 12201 11071 10624 183BE 17167 12739 14183 15288 10895 14828 15345 12110 8730 15122 24634 18509
12658 14141 12958 18600 14644 11760 10286 10887 17908 17352 12803 145846 16289 10470 16731 15714 11853 9252 16395  2RBE0 18291
13304 15150 135958 16757 14863 12837 111493 11143 18038 16E25 12630 15427 16978 11420 16073 17947 12366 10293 15369 26131 18160
9519 11178 9937 10650 10283 9138 BO41 7811 11399 12913 9369 10430 11810 8004 11703 12711 8422 7154 116591 19674 13784
[Aalala] 7357 Badd 7856 B947  BEES &A06  AEOS  YEd 9091 BR30 YO 7B12 6295 TeER YB7Z2 6138 4803 7934 12007 9237
128596 14861 12081 16262 13637 10747 9478 10236 18442 15800 124107 14164 145939 10445 14726 16024 11186 9076 14924 24102 17766
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Training of neural networks

SAMMN - Results: NetNorks RAGE-NFKB w02 _ 7 | _ =]
Active neural networks 7 S am p I I n g O ptl O n S

Met ... MNet name  Training .. Testp.. Algort.  Errorfu.. Hidden ... Output.. -

1 MLPéb“E:HEEE BOGEE.. &FGS 14 S035 Tanh Logistic :

w4000 -trained-neural=net W@rks

3 MLF 22-1.. 79591837 80656 BFGS1 Exponen.. Tanh

4 bLF 22-1 gis \{

; MLPEE-J or:each §é§l‘ﬁ ESEI ng::opton

B MLF 22-1.. 789116865 80655 BFGS9 S05 Tanh Logistic -

5@ autenraticatty-selected neural--networks
—awfOr..@ach sampling- M

Meural netwaork raining in progress
Fre
Building network 145 (MLP 22-16-2, exp, logistic) Cancel oy
cwereno: 1 pest neural network .. ||
Classification rate: Train=85.034, Test=75 Finish e
Standa, ble v ':'UtF'Ut Confidence |t Options -
3‘6 000 netvmlggs WEre trai nS@q
i Fredictions ¥ Train
Test




Accuracy of the best neural network

Mol_ID Code Sampl F F(h) Sampl2 F F(h) Sampl3 F F(h) Sampld F F(h) Sampls F F(h) Samplé F F(h) Sampl7 F
CHEMBLS9259 hm 0885 0935 bhm 1000 1000 hm 0808 0808 hm 0725 0725 hm 0596 056 bhm  1.000 1000 hm  1.000
CHEMBL513136 nhm 0605 0395 hm 0504 0504  hm 0844 0844 nhm 0984 0016 hm 0938 0938 hm 0868 0868 hm 1000

L RN | TN L TN L T ke 1, 3 T
CHEMBL323519 | hm _ 0968 0988 hm 0816 0816 _hm _ 1000 1000 1.000 1,000 0857 0857 o8l 0878 hm 1000
CHEMBL204240 | rhim ME?P nh% 0.324;hm2.859 E n WSY &rft )Qm 09f8 0062 nhm 1000
cHemBL314608 | nm BV 0 fm ™ i 000 a 1B 1 s m@. 0043 0949 hm 0954
CHEMBL319178 |rhm 1000 0000 hm 1000 1000 hm 0842 3842 0.780 0780 0630 0630 10f0 1000 hm  1.000
CHEMBL101045 L |"‘|.04ﬂ I"\.O'lﬂ L I"\.E_J") I"\_K_.-”') Lo 4.|"\|"\|"\ 4.|"\|"\|"\ L 4.|"\|"\|"\ 4.|"\|"\|"‘| L l"\._.-'l"\’) I"\._.-'I"\") L fal : 8 0588 hm "]OOO

CHEMBL543621 hm 0990 0990 hm 0849 0849 bm 0707 0707 hm 1000 1000 hm 0609 0609 hm 0699 0699 hm  1.000
CHEMBL545731  hm 0998 0998 hm 0721 0721 hm 1000 1000 nhm 1000 0000 hm 0783 0783 hm 0664 0664 hm  1.000
CHEMBL240825¢  hm  1.000 1000  hm 1000 1.000  hm 1000 1.000  hm 1000 1000 hm 0535 0535 hm  1.000 1.000 hm 0854
CHEMBL153823 hm  1.000 1000  hm 0510 0510  hm 1000 1.000  hm 1000 1000 hm 0617 0617 hm 0823 0823 hm 083
CHEMBL466847 nhm  1.000 0000 hm 0564 0564 hm  1.000 1.000 hm 1000 1000 hm 0633 0633 hm 0860 0860 hm  1.000
CHEMBL308452¢ hm 0742 0742 hm 0765 0965 hm  1.000 1.000 hm 0991 0.991 hm 0684 0664 hm  1.000 1.000 hm  1.000
CHEMBL241022¢  hm 0734 0734 hm 08930 0930 bhm 1000 1000  hm 1000 1000 nhm 0596 0404 hm 0801 0.8901 hm 0854
CHEMBL 13662 b 0850 0.8glenho QB0 0208 b OO O b OO08 0007 oh 0733 0767 hm  1.000 1000  hm 0934

slalalalalalalalals
A A= A R A R B R R e R

CHEMBL3246317 hm 08978 09F&8 hm  0.8961 0.961 hm  1.000 1.000 nhm 1.000 0.000 hm 0837 0937  hm 0812 08912 h©m 0954

CHEMBL380887: hm 0857 09p7 h 1.000 1.000 0897 09 hm 0.911 40.911 hm 0874 0974 hm  1.000

CHEMBLET100 hm 0884 0.8p4 Acgur acy 0.9& A= 1. @6 7;6/ 94510845 nhm 1.000 0000 hm  0.9%4
20 CHEMBL157522 hm  0.836 0.8p6 m 0.6%95 Om J.714 10286 hm 1.000 1.000  nbm  1.000
21  CHEMBL540812  hm  1.000 1.0p0  hm 0602 0603  hm 1000 1.000 hm 0961 0961 hm 0771 0771 nhm 0516 0484  h©m  0.954
22 CHEMBLS8258 hm  1.000 1.0p0  hm 1000 1000 hm 0845 0845 hm 0897 0897 hm 0862 0862 hm 1000 1000 hm  1.000
23 CHEMBL125270  hm  1.000 1.0p0 = 51510515 hm 065 06%  hm 0840
24 CHEMBLEEBOG nhm  0.680 0.2p0 Eeﬁ § tIKl fy OF ) QQ' g’p/@U 936 0936 hm  0.837 0837 hm  1.000
27 CHEMBLEEE1 hm 0893 0Sps  hm 0939 0. 959 hm a.ﬂ 1000 1.000 fm~ 0993|0993 hm  1.000 1000 hm  1.000
28  CHEMBL357362  hm 1000 1.0p0 hm 0761 0.761 hm 0879 Q. 879 hm 0655 065 hm 08850895 hm 0600 060D  hm 085
25  CHEMBL44515 hm 0751 0.7p1 hm 0874 0874  hm  1.000 1. OOO hm 0898 0998 hm 0899 0898 hm 0888 0888 hm 0929
26 CHEMBL278298 hm  0.888 0.8f8 g pEC Ifrt I)ty FITY ] 99@ 5 /(5880 0880 hm 1000 1000 hm 0954
30 CHEMBLS562219  hm  1.000 1.0p0 3 1.0 n 934 10984 hm 0993 0998 hm 0954
31  CHEMBLZB0870 hm 0767 O7p7 nhm ~ 0755 0245 hm aQ 656 n m o 0922 0078 nhm 063410366 hm  1.000 1000 hm  08%4
32 CHEMBLEYTI0 nhm 0648 0.3p1 hm 0886 0986 hm  1.000 1000 hm 0630 0690 hm 0573 Q0573 hm 0992 0892  hm  1.000
33 CHEMBL188335 hm 0892 08p2  hm  1.00g 1000 0.846 0846 0.96 0900 0880 hm  1.000 1000 hm  0.954
34 CHEMBL431208  hm 0691 0.6p1 him 'l.A. Jo @ 0841 0.8 9 Esjés/ nhm 0561 0438 hm  1.000 1.000 nhm  1.000
35  CHEMBLS58437 hm  1.000 1.0p0  hm 078 UG |nnRC’I.OOO i Jo 0.641 J0.641 hm 0885 08985 nhm 0879
36 CHEMBL218966 hm 0849 0589  hm 0999 0833  hm  1.000 1.000 0986 0.936 hm 0978 J0.9Y8  hm  1.000 1000 hm 0954
37 CHEMBL41 hm  1.000 1000 nhm 0526 0474 nhm 0765 0235 hm 08977 0977 hm 0835 0835 hm 0977 0977 nhm 0879
38 CHEMBL40906 hm 0878 0878 hm 0932 0932 hm 0865 065 hm 0882 0892 nhm 0502 0488 hm 0865 0865 hm 0954
29 CHEMBL465161 hm 0654 0654 hm 0514 0514  hm 1000 1000 hm 1000 1000 hm 0713 0713 hm 1000 1000 hm  1.000

e
(e

CHEMBLE8106 hm  1.000 1000 hm 0926 0926 hm  1.000 1.000 hm 1000 1.000 hm 0980 0880 hm 1.000 1.000 hm-"Y 1.000
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