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Sr. No Name of Software Project Title
Student
1 Anjali Bhoyar Chemsketch and Docking Computational guided biological activity of novel
software substituted Indolizine-7-carbonitrile derivatives
2 Rohini Chemsketch, Mendeley Starburst PAMAM dendrimers: Synthetic
Kharwade referencing approaches, surface modifications, and biomedical
applications
3 Jayashri Chemsketch and docking In silico Antidiabetic characterization and ADME
Kumare software studies of Swertia chirality
4 Khushbu Chemsketch and Docking In silico studies of phytomedicines for CoVID-19
Pandhare software
5 Mayur Mahajan | Chemsketch and Docking Design of 2-amino-4-chlorophenol Schiff base
software metal complex for COVID-19 disease: an in-silico
approach
6 Priyanka Chemsketch and Docking Design, synthesis, pharmacological evaluation and
Yadav software In-silico studies of new 2-oxo-4-substituted aryl
azetine benzotriazole derivatives
7 Rushikesh Chemsketch and Docking In silico study of abutilon indicum for
Bobde software hypoglycaemic activity
8 Shatayu Wasnik ADME software In silico investigation of aniline Schiff base to target
the SARS-COV-2 properties of COVID-19
9 Shruti kale ADME software In silico Antidiabetic activity of bioactive
compounds in pterocarpus marsupium
10 Shruti Tejekar ADME software Computational guided identification of potential
phytoconstituent of plant withania coagulans
11 Kapil Pawar DOE software version 13 Development and characterization of gel
formulation for Topical application
12 Rushikesh DOE software version 13 Formulation development and evaluation of
Harde gastroretentive floating pellets for the improvement
of bioavalability
13 Tirupati Kedar DOE software version 13 Formulation of polyherbal emulgel by quality by
design (QbD) approach for alopecia
14 Tushar Mandale DOE software version 13 A panchagavya-based herbal nanogel with potential
for psoriasis.
15 Elizabeth PKsolver software, Graph | Improvement in Bioavailability
Suresh pad prism, Chromoleon and | and Pharmacokinetic Characteristics of Efavirenz

LC solution with Booster Dose of Ritonavir in PEGylated
PAMAM G4 Dendrimers
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Table 3: Various protein With theijy description
Sr Protein
no. Description
I. [6LU7 | The o
Sta : ;
R inhibil??}s;; Structure of COVID-19 main protease in complex with an\
. Cryst: i
dill)‘:::r:lqtsi;r:zmle-or the SARS corona virus nucleocapsid protein\
4 Omain
. |5
%%{W{HM SDS micellc \
TW‘&% DPC micelle _\
T = Sfal structure of bovine coronavirus hemagglutinin-esterase |
_ruuture'ol? coronavirus hemagglutinin-esterase in complex with 4,9-O-
s diacetyl sialic acid
. Crystal structure of myricetin covalently bound to the main protease
: 3CLpro/Mpro) of SARS-CoV-2

complex with a cross-neutralizing antibody CV38-142 Fab isolated from
COVID-19 patient

9. | TLM8 | Crystal structure of SARS-CoV-2 spike protein receptor-binding domain in
complex with two cross-neutralizing antibodies CV38-142 and COVAL-16
Fabs isolated from COVID-19 patients

10. | 7LY] SARS-CoV-2 frameshifting pseudoknot RNA |
11. | 7TMKY | SARS-CoV-2 frameshifting pseudoknot RNA 1
12. | 7LTU AALALL Segment from the nucleoprotein of SARS-COV-2, residues 217- \

7LM9 Crystal structure of SARS-CoV spike protein receptor-binding domain in \

222, crystal form 1
13.| TACT | The SARS-CoV-2 nucleocapsid phosphoprotein N-terminal domain in

complex with 10mer ssSRNA
14. | 7ACS The SARS-CoV-2 nucleocapsid phosphoprotein N-terminal domain ﬂ

complex with 7mer dsRNA
15. | 2CIR Crystal structure of oligomerization domain of SARS coronaviru \
nucleocapsid protein
RESULT AND DISCUSSION:

We docked each of the four ligands, namely, 1-benzoyl-2-phenylindolizine-7-carbonitrile,

remdesivir, flavipiravir and hydroxychlorquine with our 15 target protein separatcly' 't‘>y

Docking Server. In order to study interaction of the compounds standard dr.ug's (Rgmdes%vu',
Flavipiravir, Hydrochlorquine) and 1-Benzoyl-2-Phenylindolizine-7-Carbonitrile with v?rlous
proteins we performed docking analysis by pyrx-virtual screening tool. Se}ected llgapds
showing best results were further evaluated for absorption, distribution, metgbohsm, excretion,
and toxicological (ADMET) properties using SwissADME and pkCSM online server.

Molecular docking studies:-

10
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Table 4: - Interaction of ligand wiy), amino a

Distance l:ffé.-}ﬁ}]]‘,‘ﬁ"(xj—— 3

381, 3] o

4.89, 3.72, 3.46, 415,520~
4.20, 3.76, 4.24

ALA B:337, GLN A:282

cid residue

i
Amino Acid Residue

X
|

\
\
|
\
\

|

HIS A:41, MET A:49, MET A: 165, HIS A:164, CYS
A:145

TYR A:5, THR A:1, VAL A:4

VAL A:4, VAL A8

PHE A:283, PRO A:310

THR A:114, LEU A:212, PHE A:245

GLN F:290, ARG F:277, ARG F:278, ARG G:294, ILE
F:293, ASN G:270, THR F:272

-~ ' ; C C:10, PRO A:111, ALA A:69, TYR A:69, ALA A:10, \
‘f"* 4.11, 4.87 SER A:11, ALA A:116
A 7ACT l 3.00, 4.60, 5.42,3.62, 3.51 ARG A:149, TRP A:52, ILE A:157, ASN A:154, ASN \

! A:150
¥~910. [ 7B3E_[4.84,5.00,519 ILE B:249, PRO B-293, VAL B202 |
. fl ? 7LM8 | 3.11,4.06,2.79,3.65, 3.51, 4.83, TYR H:100K, ASP L:50, TYR L:49, VAL A:407, THR \

9 3.50, 5.10 A:376, LYS A:378, ARG A:408, ALA A:411 |
‘IIT_I 7LM9 [ 4.07,3.18,3.13, 3.10 LYS 1:39, MET H:89, LYS H:43, GLY H:42 1
V13| 7LTU_[3.77,5.12, 537 ALA B:220, LEU A:219, LEU B:222 |
~914. [7LY]  [3.20,2.99,4.94, 4.54 CA24, A A23, G A2 |

[15. [ 7MKY | 5.10, 3.55, 3.49 C A:34, G A:33, U Ai51
\_‘”—
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Figure 1: 2D AND 3D STRUCTURE OF 6LU- INDOLIZINE DRUG

1-Benzoyl-2-Phenylindolizine-7-Carbonitrile shows binding energy of .-7.7 kcalfmo}l1 ;vét;l
61—_1}37 prgtein it makes hydrogen bonding with amino acid HIS164 along with bond length 4.86.

It also shows bonding viz. pi-pi stacking, pi-

pi sigma with amino acid HIS41 with bond length

4.61. Also, 1-Benzoyl-2-Phenylindolizine-7-Carbonitrile has interacted with amizt? ac1-(:
. . F) - ; i V
residue MET49 with bond length 4.67 along with the pi-alkyl bond. It also shows bonding vi

Dadasaheb Balpande College of Pharmacy, Bes
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COMPUTATIONAL GUIDED BIOLOGICAL ACTIVITY OF NOVEL SUBSTITUTED
INDOLIZINE-7-CARBONITRILE DERIVATIVES

pi-sulfur with amino acid MET165 and CYS145 with bond length 5.56 and 5.44 respectively
shown in figurc 1.
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Figure 2: 2D AND 3D STRUCTURE OF 2GIB- INDOLI

1-Benzoyl-2-Phenylindolizine-7-Carbonitrile shows bind-ing energy of — 8-111}{1022;‘:;)1&:;
2GIB protein it makes hydrogen bonding with amino acid QLNZS? alongd \:ﬁ T et o
4.86. It also shows bonding viz. pi-pi stacking, pi-pi sigma with amino acl

length 3.11. Also, 1-Bcnzoy1—2-Phenylindolizine-'? \
residue ALA337 with bond length 3.91 along with the pi-

-Carbonitrile has interacted with amino acid
alkyl bond shown in figure 2.
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Figure 3: 2D AND 3D STRUCTURE OF 5XES-INDOLIZINE DRUG
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1-Benzoyl-2-Phenylindolizine-7-C

o ne-7-Carbonitrile st _

rotcin it makes | g ; . shows hinding en a :

gr;’hnws nding V:Zd; ::_gcin hutul'mg Wlilh amino acid THR] :Itm;r\i)i’t:fhtfn‘:iclilrimtz“r;? ?t):ais

and 3.72. Also, I-het\imysl‘[;L‘;$1“:§;;;!-p: ’;’ig'““ with amino acid THRS with hgnd“l;::n;_z’,th 4.8?)
i ' i mdolizine-7-Carbonitri i : : "

residuc VAL4 with bond length 5.22 along with th; pit‘;:,:;::;::: ;:l::j:l.idr‘;:h e;mmo acid

{ in figure 3.
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Figure 4: 2D AND 3D STRUCTURE OF 5XER- INDOLIZINE DRUG

ergy of -5.8 kcal/mol with

1-Benzoyl-2-Phenylindolizine-7-Carbonitrile shows binding en
dVALS along with bond

5XER protein it makes pi-alkyl bond with amino acid VAL 4 an
length 4.24 and 4.20 shown in figure 4.
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Figure 5: 2D AND 3D STRUCTURE OF 3CI14 -INDOLIZINE DRUG
_6.8 kcal/mol it makes

7.Carbonitrile shows binding energy of
It also shows bonding

10 along with bond length 5.43.

1-Benzoyl-2-Phenylindolizine-
3 with bond length 5.19 shown in figure 5.

pi-alkyl bonding with amino acid PRO3
viz. pi-pi stacking with amino acid PHE28
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FIGURE 14: 2D AND 3D STRUCTURE OF TMKY -INDOLIZINE DRuc

ADME and toxicity studies:-

The pharmacokinetic and toxicological profile of the ligand is very important for
the alteration of a molecule into a potent drug. In this study, we perform ADMET

studies using SwissADME and pkCSM servers. The absorption potential and the
lipophilicity of the molecule are characterized by the partition coefficient (log P)
and the total polar surface area (TPSA), respectively. The drug molecule
penetrates the cell membrane easily as long as the TPSA is > 140 A. The ideal
Log P value of drugs are playing a crucial role for the specific drug target. The
Log P-value for oral and sublingual absorption is 1.35 — 1.80; sublingual
absorption, > 5 and central nervous system, 2. The penetration of drug to blood
brain barrier (BBB) value ranges between -3.0 and 1.2, and for aqueous solubility
of ligands ranges values in between -6.5 to 0.5. The P-glycoprotein substrate is
chargeable for the efflux of a substrate from inside to outside the cell, and its
inhibition reasons drug resistance. In addition, the human intestinal absorption

(HIA, %) of ligands is characterized in low, medium and high value ranges of 0
to 29%, 30 to 79% and 80 to 100%, respectively.
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PAMAM: polymeric structure. Among all of the dendrimers, Poly-amidoamine (PAMAM) dendrimer are
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Synthesis; ture, characteristic, synthesis, toxicity, and surface modification of PAMAM dendrimer. Various
Biomedical application; strategies in supramolecular chemistry of PAMAM for synthesizing it at commercial and labora-
Nanotherapeutics; tory scales along with their limitations and applications has also discussed. When compared to
Cytotoxicity other nano polymers, the characteristics of supramolecular PAMAM dendrimers in nanopolymer

science has shown significant achievement in transporting drugs for molecular targeted therapy,
particularly in host—guest reaction. It also finds its applications in gene transfer devices and imaging
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Table 1 Different types of dendrimers with its structural specificity and applications.

Sr.  Types of Synthesis/First ~ Structural specificity Applications Structure References
No. dendrimers reported by
Spheroidal or E:;}l(;r:liggg;
Polyamidoamine  Divergent elrlélzzgia(l)fw slet:illetr}alj ]l?;?g:gztlcdiglent. Rouhollah,
1 dendrimers method/ peri heral deli%er agm d ine 2013; Pagé and
(PAMAM) Tomalia et al. PP yand g Roy, 1997;
functional groups therapy. Tomalia
and internal cavities et al.1985
Peripheral primary
amines groups and
tertiary propylene Enantioselective Ritzen and
Chiral Convergent amines as a core. catalysis and Frejd, 1999;
2 dendrimers method/ Chirality based on molecular Smith and
Diederich et al. the constitutionally  recognition Diederich,
different but process. 1998
chemically
analogous branches.
Mesogenic liquid Cheng et al.,
crystalline 2015a, 2015b;
Divereent or monomers or Guillon and
. . g thermotropic liquid  Use for specific Deschenaux,
Liquid crystalline convergent . .
3 . ... crystalline phases physical 2002; Percec
dendrimers method /Virgil . . . )
ercec et al which are rod-like properties. et al., 1992;
P ’ (calamitic) or disk- Smith and
like (Discotic) q Lo Diederich,
molecules. I %U“ v o 1998
SN, 2 éw Gillies et al.,
Polvpropylene Divergent Amino butane core  Antimicrobial and N Wl 2005; Inoue,
ypropy method/ with primary amines solubility / 2000; Kaur
4 ether imine . LN
. Newkome as functional end enhancement /\\‘ et al., 2016;
dendrimers (PPI) u \
et al. groups. agent. A/\N/_/‘ z Newkome
i 5 ) g “g\/\ et al., 1986
Fluorescein core [I\;Tlsljlctl icflilrl Schilrreff et al.,
Divergent (thermotropic deliver gene 2012; Tam and
5 Tecto dendrimers method/Tam agent) and folate as & Lu, 1995;
et al a functionall i therapy, and elch ¢
. y active . Welch and
eripheral moiety N Welch, 2009
P ’ remediation. ’ '
Used for the
di?rgrz)zzniaccine Ammonium,
Pentide Convergent Amino acid as zeliSer ’ rotein 1995;
6 puc method/Sadler peripheral and Y, b Backbone,
dendrimers . . replacement,
et al. interior unit. . 1990; Sadler
Chemotherapeutic

agent and gene
therapy.

and Tam, 2002
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Table 1 (continued)

Sr.  Types of
No. dendrimers

Synthesis/First ~ Structural specificity Applications Structure References
reported by

Two different cores Potential KL J)

Divergent and ;f(iss(i?col)-iC;GHS application in Y)\Q A kU) Jer Bermejo et al.,
Carbosilane convergent . i catalysis, host— ’ ~ é ~ ‘ 2007,
. having carboxylate . ) A veaey .
dendrimers method/ guest chemistry, S G S, . Kesharwani
. and sulfonate as an oo g S @
Bermejo et al. . novel polymer L ! et al., 2014
end functional
topology. B
groups. E

T8 et ) Glycodendrimers \:i\,\l 3 }

include sugar . \? - AL B
convergent moietics such as In biotechnology %Mw\ 4 ww&w Benjamin,
8 Glycodendrimers method/ mannose. elucose and material ; \M\Miﬁ%ﬂm ) 2002; Roy and
Benjamin & ’ science. %M s O, Baek, 2002;

galactose, and

; 7 : R
IDERIS Gl el disaccharide. W /Hy ;} %\\‘:{\

N‘\f(\“
v
Convergent . Used in the L
method The core is .
.. .. .. synthesis of Astruc et al.,
. (cycloaddition  containing triazine : . ..
Triazine . . . simazine herbicide 2012;
. reaction or trichloride and other Lo .
dendrimers . . also applied in Steffensen
triazene triazine based .
. non-viral gene et al., 2006
substitution)/  compounds. deliver
Astruc et al. 2
A Divergent These are hybrids of X .
. . . Kesharwani
method (Diels- dendritic and linear
. et al., 2014;
Hybrid Alder polymers. .
10 . " . As drug carriers. Roovers and
dendrimer cycloaddition) Composed of elastic ) .
. Comanita,
by Roovers carbosilane core and
. . 1999
et al. rigid aromatic shell.
PAMAMOS PAMAM as an
(Poly Divergent interior and Use for drug Dvornic, 2006;
11 amidoamine method/Peter  hydrophobic conjugate and Tomalia, 1993;
Organosilicon Dvornic et al.  organosilicon as a nanocarrier. Torchilin, 2006
Dendrimers) peripheral moiety.

o
-~

ez

< Ls
Saigy NN

(continued on next page)
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Table 1 (continued)

Sr.  Types of Synthesis/First ~ Structural specificity Applications Structure References
No. dendrimers reported by
HO HO‘} g OH
. . e Dendron like Imp.roved %‘\ Lys s .
Multiple antigen . molecular efficiency of / Joshi et al.,
. and Divergent . . Lys
12 peptide method/Tam configuration based antibiotics and /Lys\l_ys 2013; Tam and
dendrimers ot al on a polylysine antimicrobial aot T ‘ Lys™ ™o Lu, 1995
’ framework. molecules. J OH
OH
HO
SEOSATEL Pharmaceutically
framework based .
Convergent olvbenzyl ether active compound, Hawker and
13 Frechet-type method/ E/itlz Carlilox lic acid imaging agent, Fréchet, 1990;
dendrimers Hawker and S——— asya radioligand and Thre et al.,
Frechet et al. group . targetting 2002
functionally active
molecule.

peripheral moiety.

Fig. 1

Structure of PAMAM dendrimer with the generation’s number and the peripheral end groups.
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Y
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Scheme 2 Diagramatic illustration of divergent (A) and convergent (B) synthetic approach for dendrimers.
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Scheme 3  Divergent approach for synthesizing PAMAM dendrimer (Labieniec-Watala and Watala, 2015).

urine and feces twice over seven days as compared to polyca-
tionic dendrimer (Nigavekar et al., 2004). Nigavekar and his
coworkers compared PAMAM G5 dendrimer with surface
modified acetylated PAMAM dendrimer for biodistribution.
They used B16 melanoma cell line and DU145 human prostate
cancer cell line. They observed that tissue deposition of polyca-
tionic PAMAM is better as compared to the neutral surface
charge (Nigavekar et al., 2004). From that observation, they
conclude that neutralization of surface charge of PAMAM
dendrimers is required to utilize it as a systemic biomedical

delivery device. Drugs interact with the PAMAM dendrimer
molecule and encapsulate into the interior cavities by electro-
static interactions or by conjugation with the end groups.
Sadekar et al. compared the effect of the multiple branched
PAMAM dendrimers and linear N-(2-hydroxypropyl)metha
crylamide (HPMA) copolymers on tumor-bearing mice. They
identified the effect of molecular weight and hydrodynamic
size of PAMAM and HPMA on biodistribution using com-
partmental pharmacokinetic analysis. They observed that
hydroxyl-terminated PAMAM dendrimers have higher tumor
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was able to lower intracellular reactive oxygen species and to
reduce the level of cleaved caspase-3 at low concentration
(Pojo et al., 2013). Recently Gao et al. reported the use of
G4 PAMAM to remineralize human teeth to treat dentine
hypersensitivity. They demonstrated that PAMAM created
precipitates on the surface and within the dentinal tubules with
a strong ability to resist acid and showed great potential in the
treatment of dentine hypersensitivity (Gao et al., 2017).

8. Conclusion

PAMAM dendrimers are hyperbranched organic molecules
with distinguished characteristics from all other traditional lin-
ear polymers like size, shape, monodispersity, surface charge
and peripheral functional group. For achieving these unique
characteristics optimally, it must be synthesized with consis-
tent quality and purity. Various approaches for synthesizing
PAMAM dendrimers have been available, including divergent,
convergent along with click chemistry, lego synthesis and
hybrid convergent-divergent synthesis. However, preparation
of high generation and defect-free PAMAM dendrimers on a
large scale remains challenging because the purification pro-
cesses are complicated and require the appropriate handling
of energy parameters.

Due to its physicochemical properties and bio structural
similarities, it determined its immense potential in the field
pharmaceuticals as well as the bio-medicals. PAMAM den-
drimer can improve biological properties such as bioavailabil-
ity, solubility and specific target selectivity by linking or
entrapping bioactive compounds. The peripheral positive
charge of PAMAM is responsible for its cytotoxicity which
can be overcome by neutralizing charge through PEGylation,
acetylation, folate, and peptide conjugation. The structure of
PAMAM dendrimers with a wide scope of applications will
provides several opportunities for commercialization in the
future.
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Research methodolofY

n and preparation of its structure

1. Selection of prnf(‘l
onal crystal structure of Alpha
wnloaded in pdbh  format

amylase (PDB 1D: |UDG6) involve in type il
from the RCSB protein data bank

y with | 2.50 A, R-value free 0.250. R-value work 0.212 was selected
for pre Structure of the protein target were prepared and refined using digital
<tudio visualize! 5021. The necessary hydrogen atoms were added. All solvent molecules
and cn-cn-smlin‘-f ”!1-"“_45 were removed from structure in order to use as a receptor for
. g the water not involved in ligand binding and ligand molecules,

docking by remov!!
inserting missing atoms, and correcting the valancies.

of ligands and preparation of its st
re selected by literature survey and used

study. They include epicatechin, pterostilbene, marsupin, liquirtigenin,
pterosupin respectively. The 2D sdf format were downloaded from pubchem database
(pubchem.ncbi.nlm.nih.gOV). Energy minimization, geometrical confirmation and ydrogen
bond is supplemcntcd by pyrx-virtual screening tool.

Three dimensi

were do

dinbetes
2 value

(www.rcsb.org
csent study.

2. Selection ructure

A total of 5 ligands of pterocarpus mauritiana we

for present

HO

Fig A: (-)-Epicatechin Fi
ig B: pterosupin
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hased ADME/T analysis

3. Molecular properties and ligand
role on the selection of these agenls

The mol i js play crucial
ccular properties of compounds pial _ ‘ oo il
as potential drug candidates. SwissADMI: and protox-11 is u_q.cful parameter e i
stimation of important pharmac ‘
was used to screen the ligands

Molecular properties of drg compounds for e
Parameters for drug design and development. SwissADME
as drug candidates. which states that the compound has more per
absorption if it does not violate more than one of the following con
Weight (acceptable range: <500); (ii) hydrogen bond donor (accepﬂ?
0); (iv) high lipophilicity

h_\_'dmgm bond acceptor (acceptable range: <1
y should be between

(v) molar refractivit
d from PubChem and

meability and passive
ditions:(i) molecular
ble range: =5); (ii1)
(expressed as log
40 and 130. The

Po/w, acceptable range: <5); ; done
canonical SMILES for each compound is retrieve analysis was

through swissADME online database.

4. Receptor grid preparation .
t different

rere computed for arranged protein to such an extent tha
docking. Grids were created

Receptor matrices w
ts revolved around

ligand presents tic inside the anticipated active site during

keeping the default parameters. A cubic box of particular measuremen

the centroid of active site buildups (reference ligand active site) was created for receptor
for dockirg tests, the bouncing box was set to centre: X=9.4499, Y=84.1866, Z=100.1695

Dimension: X=50.9778, Y=78.7997, Z=66.7261

Result & Discussion -

In order to study interaction of the compounds (-) epicatechin (CID 72276), pterostilbene
(CID 5281727), marsupsin (CID 134369), liquirtigenin (CID 114829), pterosupin (C1ID
133775) with a-amylase, we performed docking analysis by pyrx-virtual screening tool,
where among these compounds pterosupin shows highest docking score in table 1. The
negative and low value of free energy of binding demonstrate a strongly favorable bond
between a-amylase and pterosupin, due to the acceptable limits of hydrogen bond donor

and hydrogen bond acceptor (-)epicatechin is most favorable conformation.

The aim of molecular docking is the accurate prediction of the structure of ligand within
the constraints of receptor binding site and correctly estimate the strength of binding. The
Pinding mode of pancreatic Alpha-Amylase with carbohydrate inhibitor (PDB 1UD6) was
mvest{gated by doing by doing computational analysis, docking. The result of docking
analysis were describe in table 1 and the docking figure were shown. Among all the
compounds (-)epicatechin showed the well docking score. Because the negative and low
value of free energy of binding demonstrate a strongly favorable bond is preferable for
best docking study. So the docking score between a-amylase in most favorable

¥
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m Table 2 — ADME study of l"h.‘"""””"'i”*"'"‘ of Pterocarpus marsupim |

NJ\ st ) _f\'ﬂl.(‘(‘l.llt‘ Pubchem Molecular

g Cip Weight

h‘ _ ]_‘mm_c.upir1 133775 436.41 g/mol

o i -

» (-)-ﬁpicntt‘chfn 72276 290.27 g/mol

J B

] Liquirtigenin 114829 256.25 g/mol

Marsupsin I 134369 | 302.28 g/mol

Pterostilbene ' 5281727 256.30 g/mol

Molecule Molar ‘ ilogP Total polar surface
refractivity area

I / Pterosupin l 105.78 2.35 188.14 A.

2 / (-)-Epicatechin / 74.33 1.47 110.38 A.

3 / Liquitigenin 69.55 1.73 66.76 A.

[ 4 j Marsupsin 77.24 1.20 96.22 A

5 Pterostilbene
/ 76.82 3.02 38.69A.
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Fig.20: Contour plot

showing the effect of phospholipon®90H conc. with

respect to Sodium deoxycholate conc. over the particle size.
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Fig.21: Response surface plot showing the effect of Phospholipon®90H conc.

with respect to Sodium deoxycholate conc. over the particle size.

The contour plot shows predicted PDI values at different levels of Phospholipon®90H

onc. and Sodium deoxycholate Conc. (Fig 22-23).
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65 PREPARATION AND OPTIMIZATION OF LURASIDONE
HYDROCHLORIDE GASTRORETENTIVE FLOATING PELLETS

Gastroretentive floating pellets of lurasidone hydrochloride were prepared by
using extrusion spheronization technique followed by fluidized bed dryer. Drug,
HPMC K100M, EC, sodium bicarbonate, microerystalline cellulose, PVP K-30, talc,
and magnesium stearate were sifted through sieve no. 40 and accurately weighed. The
excipients were blended in geometric fashion, using cone blender for 10 min. Water
was gradually added to the powder blend. The dough mass was extruded through mini
screw extruder (I mm pore size) at speed of 20 to 40 rpm. The extrudates were
collected. Extrudates were spheronized at variable speed which is 750, 800, 850 rpm
for 15 min. The obtained pellets were dried at 70°C for 10 min in a Fluidized bed
dryer.
6.5.1 EXPERIMENTAL DESIGN

A 3-level. 3-factor, 13-run experimental Box-Behnken design was adopted to
optimize levels of variables in the pellet formulations. The selected independent
variables were concentration of HPMC K100, i.e., Hydroxypropyl Methylcellulose
(X1), concentration of EC, i.. Ethyl Cellulose (X2), and spheronizing speed (X3) ajs
shown in Table 1. The dependent variables were % drug release (Y1), aspect ratio
(Y2) friability (Y3). The generation of experimental Tuns, ANOVA study and

optimization were carried out by Design-expert software 13. The formulation batches

prepared are indicated in (Table 6.4).
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The system atic optimi
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arried out using Box-Behnken

: tors i : ;
034, concentration Cremophore A25, ang including concentration of Carbopol
£l CO

; ncentrat; : .
independent variables (factors) for Optimizat; tion, Oleic Acid were selected as

) al modelling was performed to analyze the
results. Quadratic second-order model was selecteq and the data-fitting with the model

was analyzed by ANOVA along with other parameters like coefficient of correlation
), adjusted r’, predicted r* and predicted residual sum of squares. Phyllanthus
embilica,( fruit) Hibiscus rosa sinensis,(flower) and Nigella sativa (seeds) extract
Optimized conditions required for polyherbal emulgel formulation were identified by
e numerical desirability function and graphical optimization techniques. **
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And Discussion

Fig no. 7.15: Conto §
g ur plot showing effect of independent variables

on viscosity of emulgel formulation
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Fig no. 7.16: Contour plot showing effect of independent variables
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6.9 SYNTHESIS OF SILVER NANOPARTICLES:

of seeds extract w - :
' lﬂn ( ¢ L\"ﬂ(.' was lhgﬂtﬂ\-’{‘t‘ mn ln |“I “1- (‘“\Yl :ll!('.lflic ﬂ“d th(‘ pl‘ (I’,_l ‘] Wi

justed. The soluti / —
adjust ution was heated at a temperature range of 60-80 € and followed by

iti WA bR} i ot
addition of AgNOX solution with the help of burette at varying concentrations (0.01-0.10

/ith contin 1ot 2 :
M) with continuous stirring with the help of a magnetic stirrer. Formation of nanoparticles

s identified by : : ;
was id by the colour change of solutions from yellow to brownish-yellow o deep

brown. UV spectroscopy was used to examine the reaction mixture for the formation of

silver nanoparticles (400-800 nm) 12,
6.9.1: PREPARATION OF SILVER NITRATE SOLUTION:

e For 0.01 M: 0.17 gm of silver nitrate dissolved in 100 m! of double distilled
water.

» For 0.05M: 0.85 gm of silver nitrate dissolved in 100 ml of double distilled
water.

e For 0.1 M: 1.7 gm of silver nitrate dissolved in 100 ml of double distilled water.
6.9.2: PREPARATION OF 0.1 M NAOH AND HCL:

e For 0.1 M NaOH: 4.25 gm of NaOH dissolved in 100 ml of double distilled
water. :

e For 0.1 M HCI: 8.5 ml of HCI in 100 ml of double distilled water.
6.10: SYSTEMATIC OPTIMIZATION OF SILVER NAN OPARTICLES:

The systematic optimization of silver nanoparticles was carried out using Box-Behnken
design (BBD) with the help of Design Expert® ver. 13.0 software (Stat-Ease Inc,,
Minneapolis, USA). Three most influential factors including concentration of silver nitrate,
temperature and pH were selected as independent variables (factors) for optimization at
three different levels, viz., low (-1), medium (0) and high (+1). A total of 14 experimental
trials were suggested by the selected design as shown in Table 6.4. Surface Plasmon
ercentage entrapment efficiency of synthesized silver nanoparticles were

Resonance and p
putting the data in BBD, mathematical modelling was

analyzed as responses. After
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Tabl 0D
€ No. 6.3: Experimental factors for biosynthesis of AgNPs
and corresponding levels

[ Independent

Variable Levels
Variables
Low (-1) Medium (0) High (+1)
Concentraion of 0.01 0.05 0.1
silver nitrate (M)
Temperature (°C) 60 70 80 \
pH 9 10 1 J

Table No. 6.4: Details of design runs for synthesis of AgNPs
with the corresponding responses

Runs Concentration of | Temperature (°C) pH
silver nitrate (M)

1 0.05 80 9
2 0.01 80 10
3 0.05 60 9
1 0.1 80 10
5 0.05 80 11
6 0.05 70 10
3 01 70 1
g 0.01 70 P
5 01 60 A0
T 0.01 60 -
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Resnles and dicenssion

Fig No. 7.9: Contouyr plot and 3p.

Response surface lot i
i showin
concentration of silyer nitrate an p ing effect of

d temperature on absorbance intensity

Fig No. 7.10: Contour plot and 3D-Response surface plot showing effect of pH and

temperature on absorbance intensity
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Abstract

Efavirenz (EFV) with a booster dose of ritonavir (RTV) (EFV-RTV) inhibits the metabolism of EFV and improves its bio-
availability. However, inadequate organ perfusion with surface permeability glycoprotein (P-gp) efflux sustains the viable
HIV. Hence, the present investigations were aimed to evaluate the pharmacokinetics and tissue distribution efficiency of EFV
by encapsulating it into PEGyalated PAMAM (polyamidoamine) G4 dendrimers with a booster dose of RTV (PPG4ER). The
entrapment efficiency of PEGylated PAMAM G4 dendrimers was found to be 94% and 92.12% for EFV and RTV respec-
tively with a zeta potential of 0.277 mV. The pharmacokinetics and tissue distribution behavior of EFV within PPG4ER was
determined by developing and validating a simple, sensitive, and reliable bioanalytical method of RP-HPLC. The devel-
oped bioanalytical method was very sensitive with a quantification limit of 18.5 ng/ml and 139.2 ng/ml for EFV and RTV,
respectively. The comparative noncompartmental pharmacokinetic parameters of EFV were determined by administrating
a single intraperitoneal dose of EFV, EFV-RTV, and PPG4ER to Wistar rats. The PPG4ER produced prolonged release of
EFV with a mean residential time (MRT) of 24 h with C_,, 7.68 ug/ml in plasma against EFV-RTV with MRT 11 h and
Ciax 3-633 pg/ml. The PPG4ER was also detected in viral reservoir tissues (lymph node and spleen) for 3—4 days, whereas
free EFV and EFV-RTV were cleared within 72 h. The pharmacokinetic data including C,,,, #;,,, AUC,, and MRT were
significantly improved in PPG4ER as compared with single EFV and EFV-RTV. This reveals that the PPG4ER has great
potential to target the virus harbors tissues and improve bioavailability.

KEY WORDS efavirenz - ritonavir - bioanalytical method - pharmacokinetic - bioavailability

INTRODUCTION

Due to the emergence of resistant strains of the human immune
virus (HIV) and the presence of viral reservoirs, antiretrovi-
ral therapy (ART) with any single class of drug has proven
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ineffective in controlling the infection and disease progres-
sion (1). Disease management is also challenging due to
less bioavailability, and side effects of ART drugs (2, 3).
The approaches to target the viral reservoir, and resolve the
complications of current ART include the invention of novel
drug molecules, chemical modifications of ART, altered drug
regimens, activation of the immune system, and development
of targeted drug delivery systems (4). Out of these, PAMAM
dendrimers revolutionized ART by improving the delivery and
efficacy of ART drugs.

In consideration of the new drug regimen, EFV is a
first-choice non-nucleoside reverse transcriptase inhibitor
used in ART. Unfortunately, it induces P4502B6 enzymes,

@ Springer
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Scheme 1 Divergent approach OH HzN
.. NH.,
for synthesizing PAMAM G4 OH \—\ HNI 2
dendrimer by repetition of - NH
. ) . . /
Mlchael addition and amidation o= (\ HoN \//\NHZ 2 o
with excess of reagent | /\/N o]
N . |~ N
) 0 DCC N
O%| 1) 5 %) KfO
OH
oH Hal 77 I!a-l e \,’»\
NH,
GO
0}
Methanol
H %)L
£ OH (2)

R he

Re -NCH,CH,CONHCH, CH,NH,
Re - NCH,CH,CONHCH, CH,NCH,CH.CONHCH, CH, NH,

(250 mm x 4.6 mm, 5 pm). Method development trials for
HPLC analysis were carried out by isocratic mode using
ammonium acetate buffer (25 mM) at various pH (pump A).
Different percentage ratios of methanol: acetonitrile were
used for pump B. Various chromatographic trials were con-
ducted by altering the composition of the mobile phase, pH,
and flow rate for the resolution of peaks (34, 35).

Sample Extraction Procedure

Blood samples were withdrawn from the retro-orbital plexus of
the rat and placed into anti-clot blood collection vials (Himedia
Laboratories, Mumbai, India). Subsequently, the withdrawn
blood samples were instantaneously centrifuged at 12,000 rpm
for 10 min (4 °C) and the supernatant was decanted as a plasma

@ Springer

Repeat Step 1 & 2

Qo6
88

(36, 37). The tissue distribution study was performed on various
tissues like the heart, liver, kidney, spleen, brain, and cervical
lymph node. These tissues were harvested and rinsed with ice-
cold 0.9% NaCl to remove superficial blood and debris. Further,
the tissues were dried by blotting with filter paper. Each tis-
sue was accurately measured and homogenized with 3 times its
volume with methanol. These plasma/tissue homogenates are
stored in vials at —20 °C until further investigation and proceed
for single-step protein precipitation by liquid-liquid extraction
(38).

Liquid-Liquid Extraction

In an eppendorf tube, aliquots of 100 pL of rat plasma/tissue
homogenates were treated with 1 mL of working solution for
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as well as tissue compartments as compared to EFV-RTV.
Therefore, it has been concluded that PPG4ER dendrimers
could be a promising candidate to target the virus harbors
tissues and improve bioavailability.
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Warokar and Sachin More gave supporting investigation and discus-
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supervised.
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