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Abstracts: In the present study 49 molecules belonging to
cephalosporin antibiotic drugs were selected. Their 2D and
3D structures were prepared and subjected to Dragon
software for the calculation of various indices viz. topological
(e.g. wiener, randic, schultz, balban, detour etc.), geometrical
[e.9. (T(N-N), T(N-0), T(N-S)], Quantum mechanical (e.g. 3D
MoRSE, Kier Hall etc.), electronic (polarizability), simple total
atom no. count indices [(Nc)R, (Ns)R ] and combinations of
various indices like addition, substraction also applied for the
study like {(S)wox - (S)wory,  {(S)vr + (S},
Zvamvenp(MORSE)Wox = X amyenp(MORSE)wor} — also
applied for the study. QSAR equation/ model derived in the
form of a MLR equation for Median lethal dose (LDso) which
can be used to minimize toxicity of the particular
cephalosporin drug. Further, the derived model for LDsg is
also useful for modification of particular drug molecule for
obtaining most favorable value of other drugs activities like
ICs0, EDso, MICso etc for consideration of toxicity change
during modification.

Key Words: Median lethal dose (LDso), MLR,
3D-MoRSE, Topological Indices and ICso

Introduction:
Median Lethal Dose (LDsp)

LDs, value is the amount of a solid or liquid material
that it takes to kill 50 % of test animals in one dose. It is
standard measure of the toxicity [1] of a material that will kill
half of the sample population of a specific test animal in a
specified period through via inexposure gestion, skin contact,
or injection. LDsq is measured in micrograms (or milligrams) of
the material per kilogram of the test-animal's body weight,
lower the amount, more toxic the material. Used in comparison
of toxicities, LDs, values cannot be directly extrapolated from
one specie to the other or to humans. Also called Median Lethal
Dose [2], written as LDsq also. Value of LDsy depends upon the

biological types of test animal, route of exposure, little on sex
of animal and some times slightly on age of test animal.

Ratio of LDsy to EDsq is known as Therapatic Index (T.1.) or
Therapatic Ratio.

(TOXICITY)prus @ LDsg

— (1)

Therapatic Index = LDs,/ EDsg
—(2)

For safe use of drug T.I. should be high as far as possible.
First time JW. Trevan attempted in 1927 to find a way to
estimate the relative poisoning potency of drugs and
medicines used at that time. He developed the LDs test to
allow for comparisons between chemicals that poison the
body in very different ways. Since Trevan's early work,
other scientists have developed different approaches for
more direct, faster methods of obtaining the LDso. Recently
some other following terms [3] are also applied for toxicity
expression of a drug:

LDos - Lethal dose for 1% of the animal test population

LD1oo = Lethal dose for 100% of animal test population
LDio = The lowest dose causing lethality

TDio = The lowest dose causing a toxic effect

In nearly all cases, LDsg tests are performed using a
pure form of the chemical. Mixtures are rarely studied.
Researchers can do the test with any animal species but
they use rats or mice most often. Other species include
dogs, hamsters, cats, guinea-pigs, rabbits, and monkeys. The
chemical may be given to the animals by mouth (Oral), by
applying on the skin (dermal or subcutaneous), by injection
at sites such as the blood veins, (1.V. - intravenous), muscles
(I.M. - intramuscular) or into the abdominal cavity (I.P. —
intra-peritoneal). LDso value is expressed as the weight of
chemical administered per kilogram body weight of the
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animal and it states the test animal used and route of
exposure or administration, e.g. LDso (oral, rat) - 8 mg/kg,
LDso (skin, mice) - 8 g/kg. So, the example ‘LDso (oral, rat) 8
mg/kg’ means that 8 milligrams of that chemical for every 1
kilogram body weight of the rat, when administered in one
dose by mouth, causes the death of 50% of the test group.
Lethal effects from breathing a compound are also to
be tested. In this case LDsg is expressed as LCso. In this
situation drug chemical (in gas or vapour state) is first
mixed in a known concentration in a special air chamber
where the test animals will be placed. This concentration is
usually quoted as parts per million (ppm) or milligrams per
cubic metre (mg/L). In these experiments, the
concentration that kills 50% of the animals is called an LCso
(Lethal Concentration 50) rather than an LDsg. When an
LCso value is reported, it should also state the kind of test
animal studied and the duration of the exposure, e.g., LCso
(rat) - 1000 ppm/ 4 hr or LCso (mouse) - 8mg/m3/ 2hr. On
the basis of LDsg values, drugs or chemicals can be divided
[4] in following groups:
Commonly Oral

Used Term LDso

Probable Lethal
Dose for Man
(single

dose to

rats)

=1 Toxicity Rating

Extremely 1 1 grain (a taste, a
Toxic mg/kg  drop)

or less
Highly 1-50
Toxic mg/kg
Moderately 50-500 30 ml (1fl. oz.)
Toxic mg/kg

4 ml (1 tsp)

Slightly 500-
Toxic 5000

600 ml (1 pint)

mg/kg
Practically  5000-
Non-toxic 15,000

mg/kg
Relatively 15,000 1 litre (or 1 quart)
Harmless mg/kg

or

1 litre (or 1 quart)

more

In present study QSAR equation derived for LDsg by
applying 49 molecules series of cephalosporin drugs. The
descriptors were calculated by Dragon software and LDso
values searched from literature and sources of chem.-

informatics. Multiple regression analysis and other
statistical analysis was carried by Microsoft software. With
the help of derived QSAR model, Cefalexin was modified to
gain less ICso by the consideration of derived QSAR model
for LDsg so that toxicity should be controlled or minimized
as far as possible.

Research Methodology:

Requirements to Develope the QSAR/ QSPR model:

A) Data set:

These provides experimental values of biological
activity/ property measurements for a group of
molecules.

B) Molecular structure/ property data:
These are in terms of descriptors or variables or
any other predictors for the selected group of
molecules

C) Statistical methods:

To establish relationship between above two
data seti.e. (a) and (b).
QSAR/ QSPR mathematical model:

Activity = f (Physico-chemical properties/ Structural
properties) Error

QSAR/ QSPR is generally a simple/ multiple linear
equation:

Biological Activity/
Physical Property = Const.+ (C{ P) + (C, P)) + (C; P;) +.... = Error

- (3)
Where, parameters Pi, P, Ps .. P, are independent
variables and computed for each molecule in the series and,
the coefficients Cy, Cy, Ca, ...... Cn are calculated by fitting
variations in the parameters and the biological activity.
As parameters P, P2, P3, ... P, are independent
variables, various descriptors were considered.
Molecular descriptors
#+ These are numerical values obtained by the
quantificat ion of wvarious structural and
physicochemical characteristics of the molecule.
= Molecular descriptors quantify these attributes so
as to determine the behavior of the molecule and
the way the molecule interacts with a physiological
system.
Types of Descriptors:
(a) Spatial Descriptors
Describe  the  molecules  ‘solvent-accessible’
surface areas and their charges.
(b) Electronic Descriptors — Describe the electron
orientation and charge.
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(c) Topological Descriptors - Based from
graph/structure concepts and geometric features
such as shape, size, and branching.
(d) Thermodynamic Descriptors — Describes energy
of molecules and their conversions
(e) Quantum Mechanical Descriptors —
descriptors that are calculated using semi-
empirical methods that are likely to be more
accurate. e.g. 3D MoRSE descriptors.
In research work wiener, randic, balban, schultz, detour,
harary, 3D-MoRSE, Keir and Hall valence connectivity
indices, electronic, property etc. descriptors were appied.
The descriptors who are significant for expression are
shown later in Table (2) and (3), others less/non-significant
are not shown. Except this followings are also considered:
+ Above all descriptors some other indicator indices
representing the no. of particular atom in
particular group or structure like no. of S atoms in
group —-X etc.s viz. (Ng)* are also counted and
applied in MLR.
4+ The combination of 3D Morse and sum of Keir hall
topological distances are applied shown in table no.
4 other indices like (ENorm)™©=C<, Vander-waal
volume, Donar sites and axx calculated by Dragon
considered for MLR analysis. Above indices are
defined in the text where they are needed.
4+ For determining microscopic contribution of group
—X the common indices like W, H, X1, W', T(N-N),
T(N-S), T(N-O) also calculated for selected set of
molecules by removing —R group.
Concepts of Drug designing

(i) Lipinski's rule of five

This is also known as the Pfizer's rule of five or
simply the Rule of five (RO5). This is a rule of thumb to
evaluate druglikeness or determine if a chemical compound
with a certain pharmacological or biological activity has
properties that would make it a likely orally active drug
among humans. This rule was formulated by Christopher A.
Lipinski in the year 1997, based on the observation that
most medication drugs are relatively small and lipophilic
molecules [5, 6].
Lipinski's rule states that, in general, an orally active drug
has no more than one violation of the following criteria:

» Not more than 5 hydrogen bond donors (nitrogen
or oxygen atoms with one or more hydrogen
atoms)

» Not more than 10 hydrogen bond acceptors
(nitrogen or oxygen atoms)
» A molecular mass less than 500 daltons
» An octanol-water partition coefficient log P not
greater than 5
In above all numbers are multiples of five, which is the
origin of the rule's name. However, there are many
exceptions to Lipinski's Rule. This rule describes molecular
properties important for a drug's pharmacokinetics in the
human body, including their Absorption, Distribution,
Metabolism, and Excretion (ADME). The rule is important to
keep in mind during drug discovery when a
pharmacologically active lead structure is optimized step-
wise to increase the activity and selectivity of the
compound as well as to insure drug-like physicochemical
properties are maintained as described by Lipinski's rule.

(ii) Extensions of Lipinski’s rule of five
In an attempt to improve the predictions of
druglikeness, the Lipinski’s rule of five have undergoned
many extensions, some of them are the following [7]:
» Partition coefficient log P should be in range -0.4 to
+5.6 range
» Molar refractivity should be ranged from 40 to 130
» Molecular weight from 180 to 500
» Number of atoms present in drug molecule should
be ranged from 20 to 70 (includes H-bond donors
[e.g. no. of OH's and NH's] and H-bond acceptors
[e.g. no. of Nitrogen and Oxygen atoms's ])
> Polar surface area should not be greater than 140

(42
Also the 500 molecular weight cutoff has been questioned.
Polar surface area and the number of rotatable bonds has
been found to better discriminate between compounds that
are orally active and those that are not for a large data set of
compounds in the rat. In particular, compounds which meet
only the two following criteria, are predicted to have good
oral bioavailability [160]:

» 10 or fewer rotatable bonds and
> polar surface area equal to or less than 140 Az
SAR of Cephalosporin:

General structure of cephalosporin can be shown
by the following diagram. However, the different side
groups imparts effects over the drug in different ways. The
figure (1) shows structure activity relationship of the
cephalosporin class belonging drugs.
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FIGURE (1): SAR of Cephalosporin molecules

Table (1) :

Molecular set of cephalosporin for the study of LDs,

General core structure of molecular set

Training Name Structure of Training Name Structure of molecule
Set _ molecule Set o B

Cep 01 Cefacetrile i"”%ttﬁ:ﬂn Cep 28 Cefdinir %ijj@*
Cep03  Cefalexin S Cep30  Ceftobiprole Pl ,

a \_i@ C:> = e
Cep 04 Cefaloglycin I A“'[f - Cep 31 Cefditoren e

"')j‘-r;\‘ L = ;I:Ii'j\-f\:?/

Cep 05 Cefroxadine Cep 32 Cefatamet .
Cep 06 Cefaclore T . Cep 34 Cefpodizime T oy f .
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Cep 10

Cep 11

Cep 13

Cep 14

Cep 15

Cep 18

Cep 20

Cep 21

Cep 22

Cep 23

Cep 25

Cefatrizine

Cefalothin

Cefaloridine

Cefoxitin

Cefazoline

Cefazedone

Cefuroxime

Cefuzonam

Cefmetazole

Cefotatam

Cefminoxime

% Cep 35
R«?ﬂ - Cep 38

5 | Cep 39
[ s)’j:m‘f:[l\

g i Cep 40
s p
m/@'\g«?g ] Cep 41

o /N",l"—;'\:\l
w{l:&hiﬂ Cep 43
_ﬁ“ﬁm:f_: _ Cep 44

R o

X
I . - Cep 46
g = u Cep 48
e
!.P-’ o' .._\\@;
2 . Cep 49
.'.'__Q_‘ W m owm

Cefotaxime

Cefepime

Cefozopran

Ceftiofur

Ceftiolene

Ceftriaxone

Cefpirome

Cefpimizole

Cefoperazone

Ceftazidime

S Fr,
S -

g

E- 2]

Table (2) : LDso values and descripters generated by combination of Keir-Hall electro topological state and 3D MoRSE indices

%
[=]
. 2
5 s g 7
({_) . LDso . LDso 2 (S )wox x :,-)"? 2 o (MoRSE)wox
®© (inmg/kg/day) | (in mg/kg/day) 2 S, g ~ S © uatvlenp
8 [For mice through . g - > i é' \E/ -
@ [For mice through g (Ss)wor L g o ) (MoRSE)wor
o oral Dose] 1.V. Dose] - = V\é u,afrvlenp
= %) St
3
]
C1 1900 3700 [8] -5.66 56.17 118.0 548.52 1752.02 -1256.0
C. 3400 3200 [8.9] 20.66 68.83 117.0 791.69 2550.27 -1809.3
Cs 3100 3000 [10] 16.67 63.17 109.67 739.94 2435.05 -1732.1
Ca 4100 3000 [8] 1.340 63.17 |125.0 739.94 |2435.05 -1732.1
Cs 13500 13500 [8 11] 10.50 62.17 113.84 739.94 2435.05 -1732.1
Cs 3000 2900 12.89 63.17 113.45 739.94 2435.05 -1732.1
© 2015, IRJET.NET- All Rights Reserved Page 998



)

International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

T Volume: 02 Issue: 03 | June-2015 www.irjet.net p-ISSN: 2395-0072
Cs 8500 3000 [12] 15.0 62.17 |111.34 |739.94 |2439.73 -1736.7
Cs 17000 4100 [13] -17.91 65.17 |148.25 |710.27 |2344.74 -1678.7
Co 2000 2000 [14] 16.66 68.83 |121.0 791.69 |2586.27 -1845.3
Cio 19000 4100 12131 |7.16 68.83 |130.50 |791.69 |2586.27 -1845.3
Cu 2000 4800 [1617.1819] |-4.66 57.17 |119.0 562.99 [1949.90 -14219
Ci2 9300 1400 [20/12,21] |-14.83 57.17 ]|129.17 |562.99 (1949.90 -14219
Ciz 16000 4100 2221 12,30 58.17 |118.64 |531.78 |1868.73 -1373.0
Cia 10000 4970 2221 |.317 62.58 |128.33 |713.12 |2410.38 -1744.4
Cis 9000 4500 -2.0 60.67 |123.34 |519.15 |1711.97 -1247.0
Cis 15000 4700 [12] -0.33 60.67 |121.67 [519.15 |1711.97 -1247.0
Ci7 19000 4100 [20] -1.16 60.67 |12250 |570.23 |2000.71 -1472.7
Cis 6000 3900 [12.23] (11.22 73.89 |136.56 |704.70 |2516.19 -1886.2
Cio 10000 2900 10.58 7475 |138.92 |513.89 (1723.10 -1288.1
C20 10000 10400 [12] 3.67 6750 |131.33 |730.66 |2395.06 -1729.1
Ca 8000 4500 24251 1950 7050 13150 |77213 |2611.33 -1908.3
Ca2 3700 4200 -4.66 64.92 |13450 |647.24 |2166.76 -1571.8
Cas 4990 4990 [12] 17.67 87.25 |156.83 [925.65 |3194.12 -2374.1
Caa 10000 100000 [252627] |28.34 9842 16850 |1361.21 |4255.05 -3030.1
Cas 5000 5000 8] 1034  [79.42 (1490  [822.93 [271272  |-1971.7
Cas 2000 2000 [29] -2.33 6750 |137.33 |867.22 |2915.36 -2095.4
Co7 5000 5000 17.83 71.0 12417 166281 (2274.93 -1679.9
Cas 5600 2000 12.30) 19.83 71.0 12217 66281 (2274.93 -1679.9
Cao 4000 2500 [31] 7.50 71.0 13450 662.81 (2274.93 -1679.9
Cao 9600 2200 0.0 71.83 |143.66 [700.69 |2291.44 -1661.4
Ca1 5100 5100 [12] 8.17 70.0 131.83 889.76 [2972.03 -2152.0
Cs2 2000 1500 22.38 7055 |118.72 |77213 (261131 -1908.3
Cs3 17540 7830 [12,40,41] 16,38 7055 |134.72 |77213 (261131 -1908.3
Caa 15500 6570 [32] -5.28 7055 |146.38 |77213 (261131 -1908.3
Cas 20000 7000 [20] 8.72 7055 13238 [772.13 |2611.31 -1908.3
Css 19000 300 [33] 17.38 7055 |123.72 |77213 |2611.30 -1908.3
Ca7 6000 5090 [12,15] 8,22 7055 |132.88 |77213 (261131 -1908.3
Cas 1500 1500 12,391 |13.33 7150 |129.67 [73550 |2517.60 -1851.6
Cao 15000 3820 [12] 5.17 7150 |137.83 [73550 |2517.60 -1851.6
Cao 7760 3840 [20] 1.17 7050 |139.83 |77213 (261131 -1908.3
Ca 10000 3800 -18.50 7050 |159.50 |77213 (261131 -1908.3
Caz 6000 6000 [36] 24.05 7055 |117.05 |77213 (261131 -1908.3
Caz 10000 2800 [37] -7.45 7055 |14855 |77213 (261131 -1908.3
Caa 16200 2400 6.05 7055 |135.05 |77213 (261131 -1908.3
Cas 4420 4420 [34] 33.50 84.67 |135.84 92212 (310448 -2284.5
Cas 15000 2700 [12] 11.58 05.83 |180.08 |1333.63 (4472.80 -3197.8
Ca7 10000 6000 [35] 33.67 80.17 |126.67 |899.16 |3043.24 -2223.2
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Css 15000 15000 [20] 22.33 86.50 |150.67 |1311.07 |4266.44 -3041.4
Ca9 17000 4200 [38] 28.75 89.42 |150.09 |1141.25 |3794.64 -2759.6

Computer softwares used in present research
work:

#+ All calculations were run on Acer personal
computer (laptop, model Acer ASPIRE 4530) with
a Pentium IV configuration and windows XP as
operating system and AMD Athlon-X; processer.

#+ All of indices were calculated by using by
software. DRAGON version 5.5- 2007

+ DRAGON software acceptable  molecular
structures were prepared by Chem sketch version
12.0 as MDL file formate.

+ The molecular structures of data set were
sketched using Chem sketch as MDL files.

# This can calculate chemical properties also. This
can draw Chemical structure and graphical
images.

#+ For collecting various properties like half life
(ti2), log P values, MIC values, LDso etc., the
journals as well as different sources of Chem
informatics were applied.

+ Some of the properties and activities searched
from the merck index.

For statistical analysis like correlation, regression (MLR)
and validation etc. Microsoft Office Excel, software
applied during research work.

MLR can be done in two ways:

(a) By forward selection method

+ Initially all variable indices are taken in
regression analysis.

<+ Inthis each variable index is added in various
steps one by one.

#+ Ineach step variable index is selected on the basis
of lowest P-value.

+ Regression ansalysis is carried out till the step at
which all variable appears significant (P < 0.05)
in any one or more regression equation.

(b) By backward selection method:

«+ Initially all variable indices are taken in
regression analysis.

+ Variable indices are removed in step by step.

+ Removal is done on the basis of P-value.

+ In each step the variable index, whose removal
results in highest significant regression equation,
is removed.

Linear regression and Multiple regression is to be
calculated by MS excel 2007

Half maximal Inhibitory Concentration (ICso):
Definition- “It is a measure of the effectiveness of a
compound (drug) in inhibiting biological or biochemical
function by half.”

#+ 1Cso of a drug can be determined by constructing a
‘dose response curve’

#+ ICso values can be calculated for a given
antagonist by determining the concentration
needed to inhibit half of the maximum biological
response of the agonist.

#+ ICso can be calculated for a given antagonist by
determining the conc. needed to inhibit half of the
maximum biological response of the antagonist.
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The various descriptors were calculated through ‘Dragon’ software, steps of operation in this software [42] are given in the

following figure:
Open Dragon Icon

Select ‘Calculate Descriptors’

n

Select the position of molecule structure file

.

Select the molecule structure file

Select the ‘Files of type’ as MDL molfiles (*mol*mdl)

R

Click the desired file from “Select molecule file’ option

R

Click wright (\) on ‘H- depleted molecules’ or ‘2D structure’

.

R

Click ‘Continue’

Select the “View descriptors’

FIGURE (2): Sketch showing the major steps for calculation of descriptors through Dragon software

Page 1001
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Table (3): Values of various topological, topological distance, atom count no. and electronic descriptors.
Molseectular (No)R (No)R (Ns)X oxx 2 2 X1
st [
c, [0 2 0 2979 1073 14 10 10362  [2.02
c, |0 7 0 36.22 1570 12 9 11.807 [157
cs |0 7 0 3424 1242 12 9 11.003  [1.56
ca 0 7 0 5981 2172 12 9 13307  |1.58
ce |0 7 0 5315 1548 12 9 11952  [1.59
e |0 7 0 5013 1383 12 9 11414  [1.58
c, 0 7 0 5028 1383 12 9 11414  [1.58
s |0 7 2 7423 3766 67 69 16.091  [1.33
c, |0 7 0 60.01 1954 12 9 12.845  |1.58
Cw 0 7 1 4314 2945 99 56 14863  [1.31
cu 1 5 0 3742 1790 3 14 12.38 1.56
C |1 5 0 45 68 2975 40 54 14846  [1.31
Ca |1 5 0 4009 2180 14 29 13542  [1.33
cu 1 5 0 4216 1837 16 31 12797  [1.70
Cs |0 2 2 7044 2468 191 172 13936  [1.30
Cs |0 2 3 6584 2223 191 172 13542  |1.31
c, | 6 0 37.92 2008 18 21 12.88 1.54
Cis 3 6 2 49 45 3579 69 73 15651  [1.29
Ce |1 1 1 3763 2470 67 105 13581  [1.54
Csxw |0 6 0 5771 2349 39 15 13845  [1.62
Cot 1L 5 2 64.17 3133 166 192 15401  [1.35
Cor 1L 3 1 48 45 2591 144 130 14351  [1.64
Cos |2 5 1 59065 4350 150 196 17.012  [1.37
Cou [0 9 1 66.72 6176 294 108 19311  [1.38
Cos |1 4 1 4573 3492 144 130 15618  |1.59
Cos |1 8 0 6164 2584 72 52 14239  [1.62
Cr 1L 4 0 5996 1903 46 42 12.883  |1.62
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Cos |1 4 0 54.02 1701 46 42 12.383  [1.62
Coo |1 4 2 76.72 3225 236 222 15401 131
Cx, [0 4 0 49.49 4333 222 48 17.295 119
! 4 1 8972 6137 106 119 19417 141
Cp, | 4 0 5228 1693 46 42 12.345 163
Csy |1 4 1 7458 3413 276 177 15812  |1.35
Ca |1 4 2 88.36 4530 101 162 17189 131
Cs |1 4 0 62.52 2584 46 42 14239 162
Css |1 4 0 60.02 2096 46 42 13383  [1.63
cey | 4 0 65.53 3081 246 114 15295  [1.37
Cs |1 4 0 70.34 3029 91 58 15237  |1.40
Cwo | 4 0 50.58 3932 264 107 16.884 121
Coo I 4 1 55.39 3753 46 87 16.312  [1.34
Ca I 4 1 84.59 5623 234 163 18671  [1.32
Co | 4 0 48.65 1531 46 42 11.935  [161
Ces |1 4 1 80.56 4386 219 152 17116  |1.35
Cas |1 5 0 80.26 3906 91 58 16.884  [1.22
Cis |1 5 0 59.11 2560 46 42 14239 163
Css |3 12 1 70.77 8803 99 116 21835 |117
Car |1 6 0 43.67 1897 29 32 12791 162
Cis [0 1 73.29 7383 294 108 21.01 1.23
Coo N1 0 57.98 4573 91 58 17.491  |1.40

*Where, meaning of symbols/ abbreviations used in Table (2) & (3) are as follows:

W= Weiner index; x1 = Randic index; ] = Balban index; H = Harary index; axx = Molecular polarizability in
x- direction; T(N-N) = Topological distances between N and N; T(N-S) = Topological distances between N
and S; T(N-O) = Topological distances between N and O.

(Ss)wox, (Ss)wor = Keir-Hall electro topological state for selected set of molecules with out -x group and without —-R group
respectively.

Sum of all 3D MoRSE descripters unweighted and weighted atomic by mass, vander waal volume,

electronegativity and polarizability without - x group = (MoRSE)wox

u,ameien,p
Sum of all 3D MoRSE descripters unweighted and weighted atomic by mass, vander waal volume,
electronegativity, polarizibility for molecule without - R group = Z; (MoRSE)wor

u,arfevienp
(Moren)wex = 3D MORSE descriptors for selected set of molecules with out -x group weighted by electronegativity.
(Superscript ‘wox’ and ‘wor’ shows values for structures with out —X group and with -R group respectively.)

(Ns)R =No. of Satomsingroup -R, (Ns)*=No. of Satomsin group X

(N¢)R=No. of C atoms in group -R
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QSAR study of LDso for Cephalosporin

derivatives
{A} Datageneration:

For LDso study 49 molecules were selected. Molecular
set no. of these selected molecules are - Ci to C49. The
values of LDso were collected from literature as well as
sources of cheminformatics like ACD i- lab and others [42]
and given in Table (1) The indices values of corresponding
selected set of molecules as given in Table (2), (3), (4)
were used for further data processing i.e. stepwise MLR
analysis etc. However, for this study properties/ activities
given in Table (2) and (3), (4) also gave significant
contribution in prediction of LDsy when taken in
consideration during MLR analysis.

{B} Data processing and outcome with their
statistical validation:

Similar to other methods first distribution correlation
[given in Table (4)] of various indices with LDsy were
observed inwhich this was observed that no single index is
sufficient enough to predict the selected property LDso
significantly and satisfactorily. So, stepwise MLR analysis
were needed and hence carried-out. Summary of stepwise
MLR analysis is given in Table (5).

Table (4): Correlation of LDsowith selected indices
. Corre- - Corre-
Indices Lation Indices Lation
w 0.305 T(N-0) 0.448
x1 0.281 SMTI 0.298
J -0.072 (Ss)wox 0.452
w 0.288 (Moryu)wox 0.469
H 0.297 (MO 1am) o 0.357
T(N-N) 0.350 (Mory)wox 0.380
T(N-S) 0.086 (MO gen)wox 0.499
(Morip)wox | 0.360 (Morp)wor 0.028
(Ss)wur 0.106 i (MORSE)WOX 0.447
u,afrvien,p
(Mory)ver [ 0.023 Suansenp(MORSE)wor - .
Zu amuenp(MORSE)wox} ) '
(Morzam)*or [ 0111 L
(Morw)wor | 0034 (Ne)R 0.291
(Morzen)or | 0.038 (Ns)R -0.200

Table (5):

Summary of stepwise MLR regression for LDsg

Step no.

Developed MLR
equation

R2

PRESS

SE

1 Step-
©)

LDso=-22325.83 - 37.1
5(1938) (MOFlen)WOX

0.249

109

12188

2 Step-
(2

LDso=-7822.25 + 382.
80(75.65) (MO ¢n)Wox -
108.82 (+23.69)
Yowamvenp(MORSE)WOX

0.486

4.7

109

10200

3 Step-
©)

LDso=-10352.31 + 652.
44(+106.18) (MO en)wox
- 383.54 (+85.37)
Ywamvenp(MORSE)WoOX —
268.82(+80.86)
{Zu,am,v,en,p(MORSE)WOX}

0.587

3.8
X109

9240

4 Step-
4

LDso=-11552.98 + 835.
20(+122.26) (MOF{ gn)Wox
508.37(+115.31)
Yowamvenp(MORSE)WOX
~81.23(x111.71)
{Zu,am,v,en,p(MORSE)WOX 7
Zu,am,v,en,p(MORSE)Wor}
+3239.44(21246.63)
(Nc)®

0.588

3.8

109

9332.83

5 Step-
®)

LDso=-15974.84 - 901.7
3(£126.94 (Moren)wox -
664.82 (+120.50)
Yowamvenp(MORSE)WOX
—547.66(+11 7.18)
{Zu,am,v,en,p(MORSE)WOX 7
Zu,am,v,en,p(MORSE)Wor}
+3602.40 (+1244.92)
(Nc)R — 203.80(+126.26)
(Ss)wox

0.667

314

109

8546.36

6 Step-
(6)

LDso=55167.23 — 15109.
56(+191.53 (MOF 1n)Wox
-1063.33(+158.15)
Yowamvenp(MORSE)WOX
— 860.46(+154.10)
{Zu,am,v,en,p(MORSE)WOX 7
Zu,am,v,en,p(MORSE)Wor}
+4206.24(1 114.92)

(No)R — 692.55(+467.32)

0.866

23

109

7433.49
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(Ss)wox+ 1236 5.31(+35 + R: > 0.6, where R22 = correlati_on coefficient._
48.06) (Ns)R + q°>0.6, where q” = cross validated correlation
coefficient.
7 |Step |LDso= 5694216  -(0.772 |2.12 [7190.18 L R-qP<03
-(7) |1503.32 (£185.44) X109 4 Standard error is least in most of the regression
(Morsen) e -1062. models.
35(x£152.96)
Zu,am,v,en,p(MORSE)WOX .
_ 862.25(+149.60) Table (6) : Observed and predicted LDsg
{Zu,am,v,en,p(MORSE)WOX 7
Zu,am,v,en,p(MORSE)Wor} § § § §
+ 507 0.88(+1164.08) - z z - z z
(No)R - 172 ) S S A S S
9.42(+452.40) (Ss)wox + 8 a) a) 8 a) a)
1252 993 (+3432.91) 3 - - 3 - -
(Ns)R + 29.1 1(x14.76) 2 s & 2 s &
T(N-N) + 7190 p= g = = g S
8 |Step |Novariable can be - - - O a O a
- (8) |added satisfactory.
(Final) C, 3.7 16.7 Cu 2.0 8.7
C, 3.2 14.6 Cyx 5.0 3.5
Results and discussions: Cs; 3.0 2.4 Cas 2.0 3.
Outco_me of stepwise MLR analysis is following regression C. 30 24 Cas 25 19
equation model:
Cs 13.5 4.2 Cao 2.2 111
LDso = 56942.16- 1503.32(+185.44) (MOren)wox -
1062.35 (+152.97) Yy amv.enp(MORSE)Wox — Ce 2.9 2.5 Cat 5.1 7.6
862.25 (+149.06 {X,, am.v.enp(MORSE)WoX — Cr 3.0 15 Ca 15 1.2
Y wamvenp(MORSE)wor} + 5070.88(+1164.08) Cs 4.1 5.9 Cas 7.8 7.8
(Nc)R—1729.42(+452.40) (Ss)Wox+ Co 2.0 7.4 Css 6.6 2.7
12529.93(£3432.91) (Ns)R+ 29.1140(+14.76) Cu a1 10.0 Cor 70 12
T(N-N) + 7190
5B Cu 4.8 3.0 Css 3.0 1.1
Cp 14 1.9 Cs 5.1 6.9
|(LDso)pred.= 0.772 (LDso)ons. +1442| Cus 41 7.3 Cas 15 3.6
Statistics of the developed _ o 4) Cu 49 |25 Cas 3.8 1.4
atistics of the developed regression equation is as
IS™ veloped regression equation 1 Cs |45 |46 Ceo 3.8 12
follows
Cis 4.7 4.6 Cu 3.8 6.7
R2- Pears F- Overall PRE
N  Adjust Rz ) rati  significan SE ss Cu 4.1 28 Caz 6.0 1.2
ed onsr o ce-F Cis 39  |118 Cas 2.8 6.2
212 Cuo 2.9 1.14 Cu 2.4 75
49 0733 o772 9087 19 ogsxion T ox Cao 104  |16.7 Cus 4.4 7.7
9 868 90 107
B Cu 4.5 9.8 Cus 2.7 3.0
N
All the stastistical data are validated by the stastical parameter Ca 4.2 2.9 Car 6.0 2.2
that for all the regression results for QSAR given in Eq. (5) Cos 4.9 6.2 Cas 15.0 12.4
and satisfy the following validation conditions: Cos 100.0 179.6 Cuo 4.2 21.9
4+ n/p>=4, where, n =no. of molecules taken for C 50 119
modeling. p = no. of descriptors used in model for 2 i :
prediction.
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Correlation of observed v/s predicted L D5,

100000
£ 80000
g1
a 5, 60000
3 3 40000 y=0.772x + 1442,
o
22 R2=0.772
g %_” 20000 Pearson'sr=0.879
[

0
-20000

50000 100000 150000

— Observed LD;, (in mg/kg/day)—

CHART (1) : Predicted and observed values of LDsg

Molecular Modeling based on LDsp:

Multilinear regression study of LDs, correspond to
regression equation (3) was derived significantly.
Regression equation was derived with the help of six
variable parameter indices. Most dominant indiex is ‘total
number of sulphur atoms in group —X’, since it’s coefficient
is larger value than others. Total no. of carbon atoms is the
second most effective index for prediction. The value of
predicted against observed for LDsy shown in Table (6)
and correlation graph is shown in Figure (3) under LDs is
very important during modeling of drug molecule. During
the modeling this is taken in consideration that there
should be no decrease in LDso. For this purpose the
developed regression eq. is helpful. The developed
regression eg. (5)

is applied during the modification of various parental
molecules to corresponding proposed molecules with
improved particular activity/ property viz., Ps, molecules.
The corresponding data for LDso are shown in Table (2),
(3), (4). The above developed model are example for LDsg
importance. Developed regression equation gives
satisfactory value of correlation between predicted and
observed, predicted residual squares sum, Overall
significance. These are shown in Table (6)

Modelling of minimum ICso with in consideration of
maximum LDso :

By using the same method R. Sharma derived the model
[43, 44] for expression of ICsp in terms of plCs as follows:

pICsy = 5.41 - 2.19(x0.42) (Ns)* + 0.02(20.01) T(N-S) -
0.04(0.02) {(Ss)™ - (S5)*"} - 0.01(20.001) axx

- (6)
Since, plCsy = - log 1Cs,. For a good cephalosporin
drug 1Csq should be low i.e. plICsyshould be high. In prediction

of pICsg, the + ive factor which increases it’s value is T(N-S).
So, this can be suggested to introduce more —N and -S atom
in a molecule but this is limited by two important situations
4 Inreg. eq. (5) (Ns)* term decreases plCso, SO insertion
of —S atom in group- X should be ignored and insertion
preferred in —R group which increases LDs also.
4+ {(S9)"* - (S9)™'} appears in —ive term, so high pICs,
this term should be —ive so which is possible only when
(Se)™" > (Se)"™. For this =X and -R group should be
comparable size with more cyclic structure in —X and
less cyclic structurs in -R group should be preffered.
On the basis of above facts following molecule can be
proposed by modification of Cefalexin:

% = Hydrogen atom

= Carbon atom
FIGURE (3) : Modified molecule Ps through eq. (3) & (6)

Features of proposed molecule, Ps: This
molecule is supposed to more plCso ie less ICsothan
parental. Further this molecule is less toxic than parental
as shown by data in Table (5.12) and (5.13)

IUPAC Name = 7-[(22)-2-(5-amino-2-ethyl-2,5-
dihydrothiophen-3-yl)-2-ethoxyimino)acetamido]- -
{[(4E)-2-amino-5-oxoimidazolidin-4-ylidene]methyl}-8-
oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
Particulars of this proposed molecule, Ps are as follows:
Molecular formula: C20H25N706So,
Molecular weight: 523.58,

Molar refractivity = 125.42 cms3, {which enable this
compound to satisfy the one condition of ‘Lipinski’s rule of
five’'s extension’ [discussed in earlier section] as showing
suitability for application through oral dose.} Molar
volume =283.4 cm3,

Parachore value = 866.3 cm3,

Surface tension = 87.2 dyne /cm.
Polarizability 49.72,

Density =1.84 g/ cm3
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Table (6): Comparative data of parental and newer proposed molecules with improved plCso

hame > Inference
of molecule T(N-S) (N | {(Ss)wox- (Sg)wer} =

Cefalexin (Cs) rarana moecu) . .

1 9 0 16.67 3424 | (ice)e>
(p!Cs)1

2 | Proposed molecule, Ps 95 0 16.02 33.20

Table (7).  Comparative data of parental and newer proposed molecule, Ps for toxicity (LDso)

S.No.

y i
o o O
= ==
i E‘-ﬂ\ E‘:m é
o Name « 0 oo = | ~| « [|Inferen
= f molecul T | s | T |Z] ¢
o of molecule NOR| (NsR | = = = 22| A ce
= R o | Z | <2
S S| 2
= r:’\‘lil'/z
1| RN | 7 | 0 | 243505 | -1809.3 | 73994 | 12 | 63.17
(LDso)2>
(LDsp)1
2 Proposed molecule, Ps 7 | 1 | 275455 |-1294.19 | 804.30 | 158 | 70.50
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