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QSAR of 3-methylfentanyl derivatives studied with

neural networks method'
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AIM.: To use neural networks, which simu-
late the functions of living nmervous systems.
in QSAR studies; METHODS: Using the
back-propagation neural networks program
devised by us. combining with partial least
squares (PLS) method. we studied the rela-
uonships of quantum chemical indices and
anzlgesic activities of 25 3-methylfentany]
RESULTS.

process, a good QSAR model was estab-

derivatives; Through learning
lished. and the activities of these compounds
were predicted; the correlation between the
activities and gquantum chemical indices: the
net charge of the atom N,. the net charge of
the atom Oy;. the torsional angle of atoms C;-
Cg-Np-C,, the interatomic distance herween
atom C; and the center of phenyl plane C,,
{PhA?}, is quite well-matched. Based on these
results, an interactive pattern between 3-
methylfentanyl derivatives and opioid recep-
CONCLUSION; Not
only are the results of neural networks super:-
or to those of PLS method but they also pro-

tors was suggested;

vide accurate predictions of the activity of the
compounds and alsg combine the PLS method

with neural networks.
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The formulation of quantitative structure-
activity relationships (QSAR ) has had a mo-
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mentous impact upen medicinal chemistry in
the past 30 years. The biclogical activities of
drug molecules can be matched to a linear
combination of the physicochemical parame-
There have

been many attempts to include cross-product

ters of the corresponding drug®™’.

terms in the regression analysis. but this only
added complexity to the study and did not
achieve in significant improvements.

The method of partial least squares
(PLS)¥ is generally used in handling regres-
sion problems with latent variables. The pow-
er of PLS is due to the fact that latent vari-
ables describe the maximum predictive vari-
ance of a data set, and at the same time pro-
vide maximal fit to the model. By using only a
significant number of latent variables in the
procedure. a noise filtering effect was ob-
tained which resulted in an improved predic-
tive ability of PLS. However, PLS remains a
linear evaluation method.

Thetre has been a growing interest in the
application of neural networks in the field of
QSAR[’E]—ST.

the traditional Hansch approach. Neural net-

This pew technic is superior to

works system is a computer-based one derived
from a simplified concept of the brain in which
a number of nodes, called processing elements
Oof neurons. are interconniected in a network-
like structure. The key strength of the neural
networks is that in the presence of hidden [ay-
ers, neural networtks are able to perform non-
linear mapping of physicochemical parameters
tc a corresponding

biological  activity

implicitly. However. there is a hidden danger

of “overfitting .” namely. the number of vari-
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ables under the control of the neural networks
may exceed the number of data points that are
needed to describe the hypersurface.

This study is to use the PLS method to
select the variables 1o overcome the danger of
“ overfitung .” compare the performance of
neural networks combined with PLS method
with the ability to predict activity as a main
criterion, and explore the relationships of
guantum chemical indices and analgesic activi-
ty of 3-methylfentanyl derivatives in order to
give more information for designing new

drugs.

METHODS

The basic processing element of neural networks

15 the neuron or unit (Fig 1.

0] W)

Fig 1. A model of the meuron.

A neuren has some inputs and one output. Afrer
some inputs have enfered inte the neuron, a summa-
tion is calculated™’,

L= Ew,o.+ 8
where o, is the ith input, w, is the weight of the bond
connecting unit j with input unit i, & is the weight of
the bond connecting unit j to the input bias unic, i is
the input summation of unit J

Then, through a nonlinear transfer function. the

output is attained™’ .
_ 1
1+ exp(— fi,}
where o, is the output of unit j,» Bis a gain, being able

o, = f(i,?

to adjust the form of the function, usually f=1.
Every input must be scaled between 0 and 1
before.
Many neurons are interconnected to form neural
nerworks. The method of back-propagation neural
networks is widely used m supervising learning for

multiple-layer nets, which seems to be best adapted
for solving pattern recognition problems. It has at
least 3 layers-one input layer, one or mare hidden lay-
ers, and one output layer (Fig 2J. where b is 2 bias.

e c:-rmectedb connected

ioht &

hidden
layer

inpt
layer

output
layer

Fig 2. A model of 3-layer back-propagation neural
networks with d-x-1 configuration.

Before the beginning of learning process, an error

funetion E should be defined as follows™):

E = ZE,= 0. 5ZZ(tu—on)?
where E, is the error of pth learning pattern, tu is the
target qutput, o is thé actual output.

Learning through the neural networks is achieved
by minimizing E. usually using gradient descent
method. Following the learning process, & fixed model
is attained, then it can be used to test scme new
cases.

3-Methylfentanyl is a highly potent analgesic,
acting selectively on opicid receptors. and its analgesic
effect is over 1000 times more potent than that of mor-
phine, Some previous papers had studied the relation-
ships between the physicochemical parameters and the

¥ and showed

activity of 3-methylfentanyl derivatives
that the correlation was not well accorded. Therefore,
the relationships between quantum chemical indices
and the activity were studied.

Acx first . 25 3-methylfentantyl derivatives (Fig 3
synthesized by our institute were calculated by MNDO
method on a microcomputer AST PI1486/33. The
crystal structure was taken as initial conformation for
ohmefentanyl (11 which possessed the most potent
analgesic activity so far attained. Similar structures
were selected as initial conformations for other
compounds. After these conformations had been

minimized , many chemical indices was obrained.
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Fig 3. Stroctores of 3-methylfentanyl derivatives.

The results of quantum chemical calculation had
been analyzed by the PLS methad, and 4 indices show-
ing bigh accordance with analgesic activity were select-
ed from all the quantum chemical indices. These were .
the net charge of the atom MN,. the net charge of the
atom Oy, the torsiomal angle of atoms C,,-C;-N,-C,,
the mnteratomic distance between atom Cs and the cen-
ter of ghenyl plane Cy L (PhA) (Tab 11,

Then, the back-prapagation neural networks pro-
gram written by us in Turbo C programming language
was used. The ¢ (ndices chosen were regarded as the
input data of neural nerworks, and the target output
datum was the analgesic acdvity Ig (1/CY of 3-
methylfentany)l derivatives excerpred from tbe litera-
ture, where C was ED, tested with hot plate method

m rmice. The Inpur nodes was 4 and the output nodes
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was 1. The calculation was also carried cut on the mi-
crocumputer AST PHA86/33.

RESULTS AND DISCUSSION

The input data were normalized to give
values between 0.1 and 0. 3. Training contin-
uved until there was no further decrease in
overall error after a period of 10 000 cycles.
The quality of QSAR was assessed by 2 statis-
tical variables: the correlation coefficient {CC)
and the residual wvariance {RV). They were
defined by the following expressions"";

FAACtiVil Y atoereed — ACUYIYprpdiored **

CC=1— — — -
Z(activitYopmerved — ACTLVITY shmeryed,aneenge )
RV — Z 1 ACtiVitY aosermd — ACTLVINY rcrnd JC
- number of compounds — 1
Tab 1.

The number of hidden nodes 1s important
in the network’s performance. In order to de-
termine the number of hidden nodes. the 23
compounds were divided into 2 data sets. One
testing set of 4 compounds randomly selected
(3. 8. 15. 24} was used as a guide to the ac-
curacy of the trained networks and the remain-
ing 21 served as a training set. Five networks
were constructed with a configuration of
4-x-1, where x=2—46. The number of input
nodes was 4. that of the hidden nodes was x
and of the output nodes 1. Each was simulated
at least 4 times. When x=2, 3, 4., 5. 6, the
smallest RV for the testing set in each configu-
ration were 0.461, 0.262. 0.235. 0.287,

0. 399, respectively.  There was the lowest

Inpot data of neural networks from the caiculated results of quantom chemistry MNDO method and the

observed analgesic activity of each derivative of 3-methylfentanyk.

Charge Charge Angle Distance Activit
Compound 0, N]g C],r(,‘q—gC,_- Cy C;-PhA lg rlx'C};
1 — 0. 3408 —0. 4226 8. 555 4. 3758 B. 539
2 — 0. 3310 —0. 4184 &4. 861 5. 2298 7. 602
3 —0. 3306 — 0, 4278 &4, 330 0. 1987 7. 545
4 —0. 3259 —D. 4237 3. 791 5. 2716 7.328
5 — 0. 3327 —0.4182 86. 395 5. 1656 7.152
& — 0. 3310 —{. 4236 84. 655 5.1730 7. 082
7 —{. 3325 —0. 4282 85. 695 5.1755 7.012
8 —0. 3372 — M, 4280 846. 445 5.1153 6. 928
g —1)., 3336 —0.,4232 85. 833 5. 1644 &. 870
10 — 0. 3330 —0. 4219 85. 740 5. 1817 6. 558
11 — 0, 3323 —0. 4266 85. 379 5.1745 fi. 556
12 —{. 3580 —0. 4232 B4. 119 4, 8721 6. 524
13 —0. 3314 —0, 4236 6. 155 5. 1488 6. 495
14 -0, 3315 —0, 4303 86. 468 5. 1935 6. 383
15 —0. 3392 — 0. 4227 86. 871 5.40035 6. 056
16 —0D, 3313 —@. 4245 §4. 547 5.1607 5. 521
17 —0. 3335 —0. 4253 86. 187 4. 5249 6. 866
13 —0. 3383 —0.425% B6. 463 5. 1293 6. 456
19 — Q. 33210 — 0. 4282 86. 338 5. 1334 6. 229
20 — 0. 3270 —0. 4293 86. 683 5. 1417 6. 157
21 —0. 3331 —0. 4304 85.170 5.1273 6. 014
22 —0, 3339 — 0. 4284 86. 362 5. 1417 5. 963
23 — 0, 3447 — 0, 4290 86. 164 4. 9646 5. 4672
24 —q, 3312 —. 4274 85. 659 5.1756 6. 726
25 —0, 3301 —n. 4288 85,952 5.1717, 6,427
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testing RV when x=4, te, x=4 was the best

configuration. Because the 4 compounds were

randomly selected, they were conceivably rep-

resentative to the results. Therefore, the con-
figuration of 4-4-1 was constructed for the fol-
lowing task.

‘ At first, the activities of 25 compounds
were fitted. and the results were excellent
(Tab 1).

Then. in order to test the predictive capa-
bility of the network, a cross-validation proce-
dure was carried out, In this process 1 com-

pound was removed from the data set. and the
remaining 24 served as the training set. After
training , the indices of the removed compound
were put into the network and the predicted
activity was evaluated. This procedure was re-
peated 25 times and the predicted activities of
the entire data set were obtained (Tab 2).
The cross-validated CC and RV were 0, 839
and 0. 0651, respectively. Jt was confident
that the neural networks were able to provide
reliable predictions of analgesic activities of
the novel 3-methylfentanyl derivatives.

Tab 2. Results of neural networks analysis for 3-methylfentanyl derivatives and comparison with PLS method.

Observed

Compound activity .x\ieural nets ) Nﬂeural neis . FLS )
lg (1/C) Fiu Res Pre Res Pre* Res
1 8- 53% 8. 541 —0.002 7. 868 Q. 671 8. 478 0. 061
2 7. 602 7.562 D. 040 7-447 0. 155 7.486 0.116
3 7.545 7.598 —0.053 7.462 0.083 7.0891 Q. 454
4 7. 328 T. 275 0. 049 7.409 —{@. 081 7. 535 — 0. 207
5 7.152 7.127 0.025 7.2599 — 0. 147 6. 861 0. 291
g 7.082 6.937 0. 145 6. 954 0. 128 7.238 —0.156
7 7.012 6. 769 0. 243 6.723 (. 285 . 6.518 0. 494
8 6.928 6. 550 0. 378 6. 575 0. 353 6. 241 0. 687
9 6. 870 6.875 — 0. 005 6. 815 0. 055 6. 826 D, D44
190 6. 559 6. 778 —0.219 €. 809 —4, 250 6. 852 —0.333
11 6. 556 6. 805 —0. 249 6.735 —0. 175 6. 744 — 0. 188
12 6. 524 6.523 0. 01 6. 459 0. D65 6. 542 —0.018
13 6. 455 6.518 —0.019 6. 624 —0.135 6. 706 —{, 207
14 6. 283 6. 367 3. 016 6. 135 0,248 6.135 Q. 248
15 6. 056 6. 078 —0. 022 0.974 0. 082 6.239 —0.183
16 6.921 7.012 —0.081 7,225 —0. 304 7.221 —{. 300
17 6. 866 6. 865 G, 001 €. 329 0. 537 6. 387 0. 479
18 6. 456 6. 545 —0.093 6.364 0. 0G2 6.187 G. 269
19 6. 225 6. 245 —D.020 6. 306 —0. 077 6. 337 —0. 108
20 6.157 6.027 . 130 6. 01D 0.147 6. 344 —0.187
21 6. 014 5. 586 0.028 6. 269 —0. 255 6. 564 — 0. 550
22 5. 963 6. 297 — 0. 334 6. 260 —{. 306 6.232 — . 269
23 9. 462 5. 476 —0. 014 5. 665 —0. 203 5. 928 —0._ 466
24 6. 726 6. 624 0.1462 6.581 145 6. 637 0. 089
25 6. 427 6. 470 —D.043 6.507 —0. 080 6. 485 —0., 062
Compar- CC 0. 945 0. 839 0. 751
ison RV 0. 209 0. NE51 0. 1003

* Fitted activity, ‘Residual=qcbhsd (lg 1/C)—cale Ug 1/CY, “Predicred acitiviey.
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To investigate the relationships between
the 4 indices and the analgesic activity. based
on the former learning pattern. the variation
of the activity was monitored by changing the
value of 1 input while keeping the remaiming 3
inputs constant at 30 % of their maximal
ranges (Fig 4). On the basis of the resulting
plots, the biological activity seems to be non-
lincar with the 4 indices. among which, the
net atomic charges of atom N, and O,, were
important to the analgesic activity. We sug-
gested that N, and Oy; be the negative electric
centers and bind to the positive electric centers
of the receptor. The interatomic distances of
C,-PhA and the torsional angles of Cjp-Co-Ny-
C, were also important to the analgesic activi-
ty. which indicated that the 3-methyl group
and the phenyl (PhA) group bound to the hy-
drophobic pockets of the receptor.
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Fig 4. Relationships between analgesic ach"vity and 4

indices.

Finally . a comparison of neural networks
and PLS method was . performed. Using PLS
method to the same data analysis, results of
QSAR were listed in the last 2 columns of Tab
3. The CC and RV of PLS method were 0. 751

and 0. 1008, respectively. It was clear that
neural networks outperforms PLS method and
provided a superior mapping of quantum
chemical indices to the analgesic activity.
However, PLS method has a higher capability
to select parameters, and it was wise to com-
bine the PLS method with neural nerworks,

CONCLUSION

Our results add to the growing support
for the use of neural networks in QSAR stud-
ies. Not only are the results superior to those
of PLS method but also they provide accurate
predictions of the activity of the compounds
and also combine the PLS method with neural
networks. We suggest such an interactive pat-
tern between 3-methylfentanyl derivatives and
the opioid receptors: the electronegative cen-
ters on N, and Oy are essential structural fea-
tures for their binding to the receptors; 3-
methyl group can bind a small hydrophobic
pocket on the receptor. 3-Methyl group also
affects the position and orientation of the
phenyl group (PhA ). which binds another
pocket on the receptor. the spatial position re-
lationships of these 2 substituents exhibit a vi-
tal influence on the binding ability.
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Assay of metoprolol and o-hydroxymetoprolol in human urine by
reversed-phase liquid chromatography with direct-injection’

XIE Hong—Guang, ZHOU Hong —Hao

{Department of Pharmacology, Hu-nan Medical University, Changsha 410078, China)

AIM: To develop an HPLC method with di-
rect injection for the simultaneous determina-
tion of metoprolol (M) and e-hydroxymeio-
prolol (HM? in human urine. METHODS.
Urine {200 ul) was diluted with eluate and in-
jected into the chromatograph. Samples were
seperated on an ODS column by isccratic bina-
ry elution and monitored by fluorescence de-
RESULTS:
ing peaks were identified. M and HM gave

tection. No potential interfer-
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rapid elution and baseline resclution. The lin-
ear curves of both analytes ranged between
. 2 and 100 mg-L™*. The response sensitivity
was approximately 0. 1 mg+L ™" and the coeffi-
cients of variation in the assay were within
§ ¥ for both compounds. A typical applica-
tion in oxidation phenciyping was presented
for one healthy volunteer who received 100 mg
CONCLUSION: The
method can be used for the investigation of ge-

of oral metoprolol.

netic polymorphism of metoprolol oxidation in

the large populations.

KEY WORDS
prolol; high pressure liquid chromatography ;

metoprolol; e-hydroxymeio-

urine
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