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CHAPTER 1

CNS DRUGS USING NANOTECHNOLOGY: A KINETIC STUDY

sandeep Kumar Shukla” Sandhya pathak , Poonam kohli, Archna
Pandey

Department of Chemistry, Dr. H.S. Gour Central University, Sagar
(M.P.)

E-mail: Prof. archnapandey@gmail.com
s.shukla3634@gmail.com

Abstract:  The development of BBB targeting technologies is a very active field of
reeearch and development. One goal is to develop chemically modified derivatives of
CNS drng (Alrazolam) chemically modified nanoparticulate of drugs, capable of crossing
hiolomical barriers, in particular the BBB. Nanocarrier drug delivery involves targeting
CNS drugs enclosed in a particular PVIP- 44000 poly mer. Drug nanoparticles have been
shown lo increase bioavailability and enhance drug exposure for oral and parenteral
dosage forms. Nanoparticles of clonazepam were prepared by nanoperception method.
PVE-H000 greatly enhanced the solubility of poorly water soluble drug. i.e. alprazolam.
Drug release fellow zero order kinetics with fickinian diffusion.

{]";E'!n”ﬁ'ﬂfdfi: Hiuavai]ahilit—}-' Alpray_nlﬂ]" (ALZ], Drug {Ibll."h"l.'!["‘.l'r, ]"DI}?]]"IL"]'if 51]Tfi'lftﬂﬂtﬁ_-
Felease kinetics)

Introduction

Alprazolam belongs to the class of benzodiazepine with anxiolytic, muscle relaxant, an
anticonvulsant property which is generally used as a hypnotic and as a tranquilizer! . It
s most frequently prescribed in the therapy of anxiety as being relatively safe with mild
side effects. It has no appreciable solubility in water al physiological pH. 1Uis rapidly and
tomplotely absorbed alter oral administration, with peak levels in plasma occurring
within 1-2 h after oral administration?. The predominant metabolites in human plasma
e a-hydroxyalprazalam,  4-hydroxyalprazolam and a'-benzophenone.  The
Pharmacological activity of a'- hydroxyalprazolam and 4-hvdroxyalprazolam is about
B0% and 20% less than that of ALY, respectively, and the benzophenane is essentially
Mactivess. ALZ was found lo be highly photolabile and special care should be ‘taken to
“+0ud light exposure during its storage and handling. Drug photo stability constitules an
Mportant current subject of investigation because the photodegradation process can
"Sultin the loss of polency of the drug and also in adverse effects duce to the formation
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of mnor tonic  degradation pwdurt'»"". rl\ |'“[E;[.’ l:':’:.}:;‘)d?: ﬂll'!al}’tlca.l_ an
sharmacological techngues for the li!'t?ff.“'\lhih-nn o ]nlf [ ﬂ. d Zepl;‘ms and thej
[rTI‘_‘lEhrlhh‘\‘ha\\ [ren T"P‘"'I“‘I”‘: E““\ﬂ"”". in. bialogica we and p armam“ﬁc‘al
tormulations!?

neuralogical disorder characterized by reeq
unprovohed seizures. These selzures are _lran.‘-ii""l signs ﬂr_’d/m symptoms 0[ abnormal
excessive or synchronous neuronal activity in the brain. About A50 r‘rnllmn peop
worldwide have epilepsy, with almost 9% of th‘.:w people being in doVEIOPI!;g,
countries Epilepsy is more likely to accur m young children or people over u@ ape G_f-
vears: however il can occur at any lime'#® T'\T—I-iﬂﬂl.J was chosen as U.m carrier POIYB}
for the preparatwn of drug-palymer composile particles. FYP-HC'OU is a water-solubl
synthetic polymer  meluded 0 inactve mgre_daents _I[sl z?nd .Wn:!e]y used y
p-ha.rmaceullcﬂ applications It has been used asa binder, dispersion aid, film plasticizer,
crystal growth remrder, anti-irntant, stabilizer for enzyme and heat sensitive deu
.;n-hluu; agent. solubility enhancer, viscosity modifier and carrier in conlrolled rele
applications for preparing, drug-polymer composite particlest-2,

Fpilepsy 15 a common chromic

The most important cbyectives Lo prepare composite particles are prolection
stabilization of the achwe substance, ncreasing, the bioavailability of poorly solub
molecules by improving solubility and design of controlled release formulations of [th
drugs with lugh water solubility lo reduce adverse side effects and improve thera
efficacy™ * Most contrelled drug delivery systems focus on the production of d
loaded polymeric particles by incorporation or encapsulation of drug within a polyme:
There are several techniques to produce drug-loaded polymeric particles such

emulsion/solvent evaporation, phase separation, spray-drying, freeze-drying an
interfacial polymerization. Excessive solvent use and disposal, thermal and che
degradation of products, trace residues, inter-batch particle size variability
multistage processing are the main drawbacks of these methods.,

Structural formula

HaC. N
= T/\N
7

\ =N

CL

Nrvet B tve Neodes b

UPAC Name - & Chloro-T-methyl-6- phenyl 1S triazol 4,3 o) .1
CiHiCING '
30876

Protein binding- B0% primarily to Ibumin.

] bemﬂdiﬂzep'h'\e,

Malecular Formula -

ylolecular Weight -

ioavailability -
o
saterials and Methods

Methanol {Lab-5can 99.8%) was used as the solvent to dissolve ALZ and mixed CTAB -
PEG00, Diazepam pure drug was obtain from INTAS Pharm. LTD. Ahmadabad
(Gujarat} as gift sample with 59.99% w/w assay value and was used without further
purification. PEGA00-CTAB was kindly supplied by BDH. Methanal (Merck, 99.8), NaH2
P04 (Merck, min. 99} and Mill  water were used for HPLC analysis. HC1 (Merck, 37
and deionizer water were used for dissolution tests.

Determination of Ama: using salvent [Methanol|

The pure form of diazepam was accurately weighed 10mg and dissolved in 100 mL of
methanol (stock solution 100 g/ mlL). The stock solution was further diluted 1.0 mL in
100 mL aqueous methanol to give a concentrabion of 1 pg/mlL The absorphion spectra
were abtained with Elico 164 UV-Visible duuble beam spectrophotometer a scan range of
200-400 nm and determine the maximum absorbance of drug at Am 222 nm.

| Spectrim.|
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Fig. I: Determination of & ALZ

Selubility measurements:

The solubility of ALZ in different fluids such as distilles h .
CTAB + PEG 400, PEG- 4000, PYP- -H000. mixed PEGI000 + PVT 4000 (3

——

| water, CTAB, PEG-00, mrval
therr CMIC

-
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values) was determined by placing 50 mg of ALZ in 15 mL ]‘?f lfifll‘fi':l:iiﬂrll;lim mixhires |
were shaken (37°C £ 05'C) on a magnetic stirrer. 5.0 erﬂ ff]u,l “- o rawn nt.].g.

min. interval and filter immediately using a 022 }_ml syrnge ”E‘f.- he saturation
solubility measuements were assayed through ultravialet absorbalncu show table-1, :Th_e
pure form of AlZ was accurately weighed 10mg and (|1$Sl-7l\'l.‘d i 100 mL of mediam
(I'VD-44000 CMC 9% 105 M), Stock salution 100 pg/mL. The maximum absorbance of

drug find at ks, 222nm.

-
0,204

(0,050 / |

Jiw)

Sl
1A - —

T I R DR

DataProclllExtTrans

Fig. 2: Determination of Ama using medium

1.00 - y=0.051x+0.0018

U.UU b T T T T T T T T 1
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Absorbance

Conc. {g /mL)

Fig, 3: Determination of calibration curve by using medium,

In Vitro dissolution study:

1. Apparatus: Electrolal TDT - 081 USP apparalus.
2. Dissolution Media: PVP-14000 at cmce (9% 103 M)
3. Rotation speed: 100 rpm,

Novel Bactve Molocinles

1. Preparation of ALZ Standard solution: 10 mg ALZ standard was weighed precisely,
putin 100 mL volumelric flask and made up to the mark with dissolution Emjiap r

1200 RY=0.959
10002 Re= 098
R320.461
s 8000
]
H
3 6000
[
o
g 4000
a
*
[T —
100
Time [min)
#8madA aBand8 BrandC

Fig. 4: Plot for zero order

5. Test preparation: Dissolution testing was performed on tablets containing 10 mg ALZ
in 9105 M PVP-34000 (37°C + 0.5°C) using paddle method (USP apparatus- 11) at 100
rpm. Sample of 5 mL were withdrawn at regular time intervals, replaced by fresh medium
and spectro-photometrically analyzud at Lnax 222 nm after filtration through 0.45pm
syringe filter. All dissolution lests were performed in triplicate,

6. Time point: Dissolulion amount was measured separately at 05, 10, 20, 30, 40, 50, 60,
70, 80 and 90 minutes.

R¥= 0428
R7= D428
R:=0534

log*% drugraloase

o) 10 60 L] 10
Tima (min)
+BiondA BBandB  BundC

Fig.5: Plot lor first onler
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Fig, 6: Plot for Higuchi maodel
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Fig. 7: Plot for Korsmeyer maodel

Preparation of Nanopraticles Method:-

The polymer 1s dissolved in a water miscible organic solvent (or solvent mixtur
added to an aqueous solution, in which the arganic solvent diffuses. Particle formag
spumtancous, because the polvmer precipitales in the aqueous environment. Accor! I
;hp current opimion, the Marangoni vffect is considered to explain the process,.
fow, diffusion and surface tensions at the .

aqueous phase cause

interface of the organic solvent an
turbulences, which form small droplets containing the palyme

Subscquently, as the solvent diffuses oyt from the droplets, the polymer preci

Pobmee sndddeug
in sohition

Precataton of
the pobymer

- = ]
Fig. 8: Schematic illustration of the nanoprecipitaticn process

ALZ and PVP-3000were co precipitated to prepare drug-polymer composite particles.
[he eftects of process parameters such as pressure, temperature, solution concentration.
Drug-polymer solution injection rate and polymer/drug ratio on the particle of ALZ -
PVI-44000 composile micro particles. Generally, very light, voluminous and Nuffy
powders as typical of the nano-precipitated samples were obtained in all experiments.

Results and Discussion

[he morphologies of the samples are generally spherical or slightly agglomerated
spheres.

It 1s interesting that when ALZ and Mixed PVP-H000 were precipitated together,
spherical particles of smaller sizes were obtained while larger and plate-like particles
were oblained when ALZ eor PVDP-M000 was precipitated alone. The precipitation
mechanism and rates could be different in co precipitation experiments compared to
preaipitation of original substances alone. For the precipitation ALZ alene, this may be
taused by inhibition effect of polymer on drug nuclei. When ALZ was precipitated alone
the growth mechanism of nuclei may be mere dominant causing formation of large and
inegular-shaped particles. As known, palymer generally inhibits particle growth of some
substances by blocking surface of pnrh‘cles resulting in increased surface area and smaller
particle size. T'hus, precipitation of the drug with polymer may weakep the growth of
drug nuclei resulting in reduced particle sizes and different morphologies campared to
ALZ precipitation alone

When PVP-44000 is precipitated alone the precipitation rate may be slower. _I he
precipitation rate is related to the solubility of the materials. Solution mncentmhmj.
super saturation concentration and rate. PVP-44000is more saluble in methanol thm r\LZ:
{the maximum sclubility of ALZ in methanol is about 80 mg/ ml, for T_'VP"Hmf)lfll" ."""1"
than 500 mg/ml). So {\-Iwn PVP-14000 is ]"Ii.’CiPitﬂlE‘lt alone, the !|n1e to ?t‘:;;;:“‘::‘g:
Saluration would be longer, which indicates lower super snhumlmn: "“: :[.mtl‘ :md
Precipitation rates. This would also lower mass transfer and solvent removs 2
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mer chains during precipitation  more difficy]

es and causing agglomeration, ang L
jon experiments, precipitation rate of PVpL
with ALZ causing formation of spherica -

reorganization of the poly
formation of discrete 5
n co precipitat
of its inleraction
Sul.'lr—shnpml particles.

mahke el
preventing partu
formation of films or fibers. I
1000 mav be higher because

particles instead of large and irre
Drug Loading Analysis

arlicles was determined by HPLC. MeOl1+02 mal/] NaH;p0
(55:45, v/v) was used as mobile phase. Mabile phase _thrnur,h the degasser (Agilent 11pg
G 1379 A), pump (Waters #00) and column (Kromasil 1l)ﬂ:5C18, 250 mmx4.6mm g
pm particle size, | lichrom) at injec tion rates of 0.7-0.8ml/min. Samples were injected jn
the column via Rheodyne injector (7725i, 20 pl loop).

Drug content of p

The drug loading, of the particles was expressed as the ratio of the mass of lpader
drug to the mass of sample: ;

% drug loadin = mass of Ioaded drug »100
Total mass of the particle

XRD Analysis

Analytical XRD equipment.
F1-IR analysis

Wavelongth

T )

Transmitance

2000 1800 100

1400 1200 1000

Fig.9: Reference [ spectrum of ALZ

Novel Bivactive Molecules

Fig.10: IR spectrum of pure ALZ

DSC Analysis- The thermal analyses were performed with a DSC (Perkin Elmer DSC-

4000). Thermo grams were mea: i .
10°C/ min & sured by heating the sample from 35 to 200°C at a rate of

52 Dstbuton by ety

[T

st ;
0 f/‘H\ :

T T — .
M 1 10000

Ste fanm)

Fig 11: Size distribution of Alprazolam
Particle Size Analyses




,\’ (Iissalu_hO:e‘IStUi:i of dos.a‘ge fmlrfs hecessitates modifications in the dissolution
medium to ncrease E‘.S‘]l“b‘['ry- ALZ is a lipophilic compound and i icall
insoluble in water. ALZ is weak base, and g

it is expected that ALZ would diss
13 Jenk ‘ . olve much
more completely and rapidly in a solytion with low pH. However, the addition of

curlactant is a reasonable approach, which if implemented corr i
: 3 ; ) £ ectly, ¢ >
i sirointestinal fluid condition. Fre sppromaete

In order to compare the effects of various kinds of surfactants on the dissolution
profiles of ALZ with limited water solubility, solubility study was conducted using
media contamung cationic, anionic or nonionic surfactant at their CMC's values and
water. Polymeric surfactant PVP44000 greatly enhances the solubility of ALZ than
anionic and cationic surfactant. On the basis of solubility data, dissolution media was
selected and the results indicate that extent of dissolution of ALY is significantly
dependents on the polymeric surfactant used. The values of release exponent (n), kinetic
constant (k) calculated from different kinetics models i.c., sero- order, Ffirst- order,
Higuchi model and Korsmeyer- Peppas model are presented in tables -2. As observed
from the table, correlation coefficient (r?) of all formulation was high enough to evaluate
the drug, dissolution behavior using equations. In most of the cases it was revealed that
the release kinetics of ALZ from the tablet appeared to follow release kinetics of Zero
order (2> 0.991-0.996) as well as Higuchi release kinetics (r? > 0.968-0.992) but zero order
release kinelics predominates.

The Korsmeyer-Peppas model is used to analyze drug release from pharmaceutical
dosage forms when the release mechanism is not well known or when more than one
type of release phenomena is involved, The exponent, termed the release exponent i, was
studied by Peppas and cowerkers to characterize different drug release mechanisms
from thin films. for the cylindrical tablets, 0.45 < N corresponds to fickian diffusion
mechanism 043 < 0.89 to non-fickian  transport, and n> 0.89 to case 1l {relaxational)
transpart and n> 0.89 to super case II transport. To Portion of the release curve, where
mt/Mx < 0.6 should, be used. In the current study, the value of release rate exponent (n),
ranged between 0.39 - 0.40. For this case of lollow fickian diffusion.

Fig- 13- SEM Image of Alprazolam

e

The result for scanning microscope 200 nm.

Table: 1 - Solubility study of ALZ in different fluids
Sample Wt of | Overall Abs. at ls°lubility i
(each fluid at their | drug in | volume in| Amax. 285 | Increase in
CMC values) m& il = &
ALZ + Distilled | 15 0.564 e
Water
a0 ALZ + CTAD 50 R =

> d ¥y £
Fig 14- TEM Image of Alprazolam
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