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6.1. Introduction
Colloidal systems like nanoparticles differ from macroscopic objects because of sub-

micron properties such as high surface area, energy and movement of the particles by
diffusion (Brownian motion). The different behaviour of nanoparticles leads, to some
extent, to the use of a different pattern of characterization methods. Extensive
characterization of a nanoparticles system is essential for understanding and
prediction of the performance of the system in the body. As the field of
pharmaceutical nanoconstructs is evolving constantly; the need for more thorough
characterization and comprehensive understanding of the systems increases. Size, -
morphology and physical state of the encapsulated drug as well as molecular weight
and crystallinity of the polymer influence drug release and degradation of the
nanoparticles. Meanwhile, size, surface charge and hydrophobicity/hydrophilicity are
parameters that affect the body distribution and interactions with the biological
environment. Stability of nanoparticles is also a general issue governing the above
mentioned properties.
Various techniques for characterization of nanoparticles include:
» Photon correlation spectroscopy (PCS), a technique based on dynamic (laser)
light scattering, is widely used in size determinations of nanoparticles. .
» The surface charge of the particle was determined by Zeta({) Potential
measurement
> The determination of drug entrapment efficiency by techniqueé of
spectrophotometry and chromatography gives the amount of drug present in the
~ nanoparticles.
» The surface morphology by transmission electron microscopy (TEM).
» Differential scanning calorimetry (DSC) is commonly used techniques to
reveal the physicochemical state and possible interactions of the drug and the

polymer in nanoparticles
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Table: 6.1. Materials and Equipments

Material

Source

Water (distilled)

Prepared in laboratory by distillation

Chitosan low and medium molecular weight

Sigma Aldrich, Bangalore, India

Sodium alginate

National chemical, Mumbai, India

Sodium deoxycholate Sigma Aldrich, Bangalore, India

Glacial acetic acid, sodium hydroxide, S.D. Fine chemicals, Mumbai, India

hydrochloric acid :

Tizanidine HC1 Gift sample from Endoc Pharma,
Rajkot, India

Cyclobenzaprine HC1 Gift sample from Ranbaxy, Gurgaon,

India

Sodium iodide and Methyl iodide

Spectrochem, Mumbai, India

Thioglycollic acid and Acetonitrile (HPLC grade)

Merck, Mumbai, India

Ellman’s reagent Himedia
Rhodamine B Himedia
HPLC grade Methanol Loba Chemicals, India.

Nuclepore Polycarbonate membrane 2 ym 25mm

Whatman, USA

Equipments

Make

Calibrated pipettes of 1.0 ml, 5.0 ml and 10.0 ml,
volumetric flasks of 10 ml, 25 ml, 50 ml and 100
ml capacity, Funnels (i.d. 5.0 cm), beakers (250
ml) and other requisite glasswares

Schott & Corning (India) Ltd.,
Mumbai

Analytical balance AX 120, EL 8300, Shimadzu Corp.,
Japan

pH meter Pico' Labindia, Mumbai, India

Cyclomixer, magnetic stirrer Remi Scientific Equipments, Mumbai

Cooling Centrifuge 3K 30, Sigma Laboratory centrifuge,
Osterode, GmBH.

Lyophilizer DW1, 0-60E, Heto Drywinner,

Denmark -

UV-Visible Spectrophotometer

Shimadzu UV-1601, Japan

Particle and Zeta size Analyzer

Malvern zeta sizer NanoZS, U.K.

Transmission electron microscopy

Morgagni, Philips, Netherlands

'H-NMR av300, Bruker, UK

HPLC system LC 20-AT prominence, Shimadzu
Corp., Japan

Stability oven Shree Kailash Industries, Vadodara

Vacuum Pump F16 Bharat Vacuum pumps, Bangalore

Bath sonicator

INCO, Ambala
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6.2. Methods
6.2.1. Particle size and zeta potential: A 2.0 mg sample of NPs was suspended in
distilled water, and the particle size and zeta potential were measured using the
principle of laser light scattering with zeta sizer (Nano-ZS, Malvern Instruments,
UK). The observations are tabulated in Table: 6.2. The particle size and zeta potential
are shown in Figure: 6.1 and Figure: 6.2, respectively. .
6.2.2. Entrapment efficiency: Drug loaded nanoparticles suspension diluted with 1%
(v/v) acetic acid solution and sonicated for 30 minutes, filtrated through 0.22 pm
microporous membrane. Total drug loading of NPs fromulations was measured into
the filtrate using U.V. spectroséopy. The entrapment efficiency was determined upon
separation of nanoparticles from the aqueous suspension containing non-entrapped
drug by centrifugation at 18000 rpm 4 °C for 30 minutes. The amount of free drug in
the supernatant was measured by U.V spectroscopy (Xiaomei et al.,, 2008). Drug
| entrapment efficiency (%EE) in the drug loaded nanoparticles was calculated
according to the equations below:

o

% EE = Total amount of drug loading-free drug in supernant x 100

Total amount of drug loading

The results are recorded in Table: 6.2 for all nanoparticles

6.2.3. In-vitro drug release :

In vitro release of drug ffom nanoparticles was carried out in phosphate buffer (pH 5).
For this study, nanoparticles suspension was placed in a dialysis bag and immersed in
release medium. The entire system was incubated at 37°C with stirring. At
predetermined time intervals, samples were withdrawn from the medium and the same
volume of fresh release medium was added and samples were analyzed using HPLC
(Qi-zhi et al., 2006).

In-vitro release was also performed using Franz diffusion cell. Franz diffusion cell
consists of a hollow glass tube in the centre having diameter of 8 mm. The cell has
two compartments: (1) Donor (2) Acceptor. Donor compartment is used for holding
the test formulation while the acceptor compartment holds the respective diffusion
media. In vitro release of drug from nanoparticles was carried out in phosphate buffer
(pH 5). For this study, nanoparticlés suspension was placed on nasal mucosa holding

between the donor compartment and acceptor compartment. The entire system was
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incubated at 37°C with stirring. At predetermined time intervals, samples were
withdrawn from the medium and the same volume of fresh medium was added and
samples were analyzed using HPLC. In vitro drug release study. is a tool that provides
an estimate of the in vivo pharmacokinetic and pharmacodynamic performance of the
formulation.
Results for In vitro release profile of TZ loaded and CBZ loaded chitosan, thiolated
chitosan/trimethyl chitosan NPs and solutions of both the drugs are shown in Figure
6.3 & Figure 6.4.

- 6.2.4. Transmission electron microscopy

‘Nanoparticles were dispersed in de-ionized water at a concentration of 500ug/ml. To
measure the morphology and size distribution of nanoparticles, a dxépp of sample was
placed onto a 300-mesh copper grid coated with carbon. The grid was air-dried
overnight to remove surface water. Negative staining was performed using a droplet
of 2% w/v phosphotungstic acid for NPs. Transmisssion electron microscopy was
performed using Morgagni 268, Philips (Netherlands) transmission electron
microscope. The TEM of all nanoparticles formulations are shown in Figure 6.5.
6.2.5. Nasal toxicity studies
Freshly excised sheep nasal mucosa mounted on Franz diffusion cells. One mucosa is
treating with phosphate buffer (pH 6.4); the other mucosa with Isopropyl alcohol
(IPA) and the remaining with NPs formulations after one>hr the mucosa rinsed with
phosphate buffer (pH 6.4). Nasal mucosa was fixed in 10% buffered formalin (pH
7.2), routinely processed and embedded in paraffin. Paraffin sections (7 pm) were cut
on glass slides and stained with hcmatoxylin and eosin (HE). Sections were examined
under a light microscope, to detect any damage to the mucosa during in vitro
permeation by a pathologist blinded to the study. The sheep nasal mucosa treating
with phosphate buffer (pH 6.4)and isopropy! alcohol as positi\}e and negative control
respectively (Majithiya et al., 2006). Figures 6.6 show the histopathological images of
nasal mucosa for phosphate buffer (pH 6.4), IPA and drug loaded NPs formulations.
6.2.6. Confocal laser scanning microscopy examination
For confocal laser scanning microscopy examinations, nasal mucosa was rinsed with
phosphate buffer (pH 6.4) twice; the freshly excised nasal mucosa was placed in a
Petri dish. A few drops of the fluorescent probes (Rhodamine B) loaded NPs
dispersions in phosphate buffer (pH 6.4) of each formulations and Rhodamine B
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solution in phosphate buffer (pH 6.4) were added to the mucosal surface and
incqbated for 20 minutes at 37.8 °C. After incubation, the treated mucosa was washed
gently with phosphate buffer (pH 6.4) to remove the excess NPs. The sample was
then mounted on a glass slide and immediately examine under the confocal
microscopy. Fluorescent images were obtain using an upright confocal laser scanning
microscope (LSM510, Carl Zeiss, Germany) equipped with 543 nm excitation laser
HeNel and emission long pass filter 560 nm (LP560) (Law et al., 2001). Figures 6.7
& Figure 6.8 shows the Confocal images of Mucosal surface and after Z sectioning of
nasal mucosa for Rhig)damine B and Rhodamine B loaded chitosan, thiolated chitosan
and trimethy! chitosan NPs. | |

6.3. Resuits and Discussions

6.3.1. Particle size and zeta potential:

The particle size and zeta potential for LMC-TZ NPs, LMC-CBZ, MMC-TZ NPs,
MMC-CBZ NPs, LMTC-TZ NPs, LMTC-CBZ NPs, MMTC-TZ NPs, MMTC-CBZ
NPs, LMTMC-TZ NPs, LMTMC-CBZ NPs, MMTMC-TZ NPs, MMTMC-CBZ NPs
are recorded in Table: 6.2. The particle size and zeta potential graphs are shown in

Figure: 6.1 and Figure: 6.2, respectively.

247



144

v (1:7) uonnjos
oyeuISre WINIPOS 03 UOHNTOS UBSOINY))

CTFEOF €OLOFE 1T I'8IF 6¢9¥ - 14 6Hd S0 SAN I-DOIN'T
. (LOL0'L06L)
. uonnos SR[OYOAX02p winipos:Srup:sreulfie
1"CF88°CL T'1F6°61 €1TFSYLT wnIpos: Uesoyd [AYISWLL], 01 [4 (4 I | SIN Z9I-OINLINIA
(LoLo:L06L)
uonnjos 91[OYDAX09p wnjpos:Fnip:areuise
S TFLTTO SIFLIT '81F9°97C WNIPos: ULSOIYD [AYIAUILL], 01 (4 (4 1 SAN ZL-OW.ILINIA
) (LOLOL06L)
uonnjos S1e[oYoAx0ap wnipos:Suip:ereusie
P OFCLIL IF6'el 6’ €1F9¥81 WNIPOS: UBSOIIYD [AYIOWILL], 01 T [ 1 SAN Z90-OIWIIANT
(L0L0:L06L)
wonnyos 2eoysAxoap wnypos:nip:ejeuise
T 170699 I'TF$¢1 70170891 WNIPOS: UBSONYD [AYISUILL], 01 [4 (4 1 SIN ZL-OWILNT
(I1e1:L)
uonnjos aroysLxosp wnrpos:Fnip:ajeuiSe
TEF0T08 CTIFL'LT 9 CIF6'C8C WNIpos: Uesoyd pAL[oN |, 01 (4 <0 C SIN ZED-ILININ
(BB
uonnjos arefoyoAxoap wnpos:Srup:oreniSie
7 EFCUTL T1+S¥1 SIF 6197 WINIPOS: UBSOIND PAIL[OIY ], 01 Z <0 Z SAN Z.L-OLININ
(rneL)
HONNJOS VIR[OYIAX00p Wnipos:Snip:sreuIe )
CHTSH 0L LIF6°0C STIFITLT WINIpos: Uesolyd paje[oy ], 01 [4 <0 4 SAN Z4-OLNT
[{88H))
uonnos ayejoysLxoep wnrpos:Snip:syeuse
€ '9F8°89 Ty 1¥6°T1 ¥ CIF §°79C wnpos: uesojd pajejony, 01 [4 S0 [4 SAN ZL-DINT
(1:7) wonnjos
7 OFP1 P9 I'IFI°ST 1 €1F2°829 SjeurSie WNIPOS 0] UONN[OS UBSOINYD) - $T (6ud) 50 (SHD 1 SAN Z9D-DININ
(1:7) uonnyos
PTFCOOr | L8O F ]EL S IFL'86S S1eUISY WNIPOS 0 uonn[os uesoj’y - ¢T (6HY S0 SHd) 1 SAN ZL-OIWIN
(1:7) nonnjos
T'9FLT T 86°0FL' VT LTVF9TLY oyeurd[e WNIPOS 0} UONN{OS UBSOITYD) - ST 6D S0 cHd 1 SIN ZdD-ON1
(1:7) uonnjos
S CF69 VY 9L80F8°TT SELF SELY oyeuiS[e WNIPos 0) UONNJOS ULSOIYD - ST (6 HD 50 CHd 1 SIN ZL-O'T
(%) (Aw) w8y | (euysur) (uu/3ar) (quu/Sany uesojnyd
Louapnyye fenuwazod () Je[oYd AX03p v ajeuIdie [AYJomILLY /UBsoNyo
juawdenyugy BJ3Z azIs apyIBg oney wImipos dnaq wnipog polB[oN] I/uesoIy)) uoyenuLIo g

SAN UeSOJID [AYIOUILI) pUE UBSO3Iyd pajelony) ‘uesojnyo pazruido Jo uonezioeIey)) 79 9[qe],

saynzivdour)y uvso11ys parfipo y; puv naw&@w fo anxuwtuﬁawmﬁ 9 4a1dvy) _




Oudﬂono%unooﬁ wnmpos-0ds

: ojeuIS[e WNIPOS-V'S
saponredouru UesOIIYD [AYIOWIL Papeo]  utrepoy 1ySrom renoajour WP -SIN SI-IIALLAA
soponredoury UBSOINYD [AYISWILI} PSPRO] § SUIUEPOUY WSIam TB[nos[ow MOT -SIN TI-DNLIN'T
soronTedouru URSOINO PAIR[ON]) POPRO]  SUNUEBPOY] YSTom IB[NOI[OUI WNIPIA -SIN TH-DLINN
sojonredousu UesOINYd PIIRIOTY) POPRO]  SUIWEPOY YSIom Jenasjout Mo -SIN SI-DLNT
soponredourt UeSOINYS POPRO] § SUIUEPOLY] JUSPM TRNOS[OW WP ~SIN -

seporIedoury UESOIND POPERO] ¢ SUTHIEPOYR] 1YS1om Te[nodjows M0 -SIN SI-DWT

soponredoueu uesojyo [Aypewin papeol [DH sundezusqooL) 1ySom Iemosiowr WP -SIN ZID-OINLANIN
seponredoury uesOIY) [AYOWLL POpEO] [DH QUIPIUEZL], JYSIom Ie[noojow wnIpe|y -SdN ZL-OWLINN
soonredoue uesoInyd [Aqswy papeo] [DH sudezusqodh?) Siom Tefnssjow Mo -SIN ZED-DIWIINT
seponredouey uesolyo [AI9WIL papeo] IDH oUIpTuezL], YSem Te[nos[owt Mo -SIN ZL-OWILNT
soponredoueu uesolyo paje[ory) pepeo] [DH 2undezueqodA)) 1ySom Ie[nos[ow WINIPSIA -SIN Z9O-DLNN
soponiedouru WeSOID PAIR[OTY} Papeo] [DH sulpruezi], 1ydrom Te[mosjour WnIps|y -SdN ZL-DLNIA
seponredouru uesoiryd paje[ony papeo] [DH cunidezuaqor£) 1YSom I[mosjow Mo -SIN ZdD-DLINT
seponredoueu UEsOIYD PAIB[OTY} papeo] [DH surpiuezi], JySom Je[nosjows Mo -SIN ZI-OLINT
sapnredoueu uesojyd papeo] [DH outidezuoqooLD) 1ySrom IB[noo[ow WNIPIA-SIN ZID-DINIA
seponIedouru uesoIyD papeo] [DHH SUIPIURZL], JYSIom IRNOIOW WNIPSN-SIN ZL-DWNIA

sojonredoueu uesojnyo papeo] [HH eundezueqorak)) JySrom re[nostowr Mo ~SIN ZaI-DN'T

soponredourt UBSOIYO PSPEO] [DH SUIPTUEZL], JYSTom Ie[nos[owr Mo -SIN ZL-DINT

(€ =u“qsFued)

6'EFOL°69

6 IFI'91

6'LIF1°08C

LoL oL o6L)
UonN[os SIR[OYDAX0SP WNIPOS: (NY:ALUISTE
UIMIPOS: UBSOIYD AYIOUILL],

01

SIN S-DINLININ

6 CFET89

'IFI2T

LTIFEOLI

(LoLoLo6L)
uonnyos 2Je[oy2AX0ap WNIPOS: f-ereuIS e
WIIPOS: ULSOIYD [AYISUILL],

01

SIN €-OIWLIN'T

TYFLESL

P IF¢ 81

6 €TFTILT

(T 1:1:L)
HONN[OS SIBIOYIAX08p WNIpOS: g oteuIS]e
TIAIPOS: UBSOIYS PAIB[OIL,

01

§0

SAN FI-OLININ

'EF68°69

1'CF8'LT

6'STF6'T9T

(:1:r:L)
TOHNJOS 972[OYVAX0SD WNIPOS: Y :MeuIse
| wIMIpos: UBSOYD PAIROIY],

01

0

SN HI-OLNT

CYT8LE9

886073 YT

8'01+8°129

(1:7) vonnos

oyewiS[e WNIPOS O} UOTINOS UBSOIYD

ST

(6HI) S0

SHd 1

SN RI-ONIN

sa1o13svdout )y uvsoItys Patfipo s puv uvsoIy?) fo uoKVZIIIVILYD 9 L23dDYD




Chapter 6 Characterization of Chitosan and Modified chitosan Nanoparticles
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(€) LMTC-TZ NPs
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(g) MMTC-TZ NPs
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(j) LMTMC-CBZ NPs
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(a) LMC-TZ NPs
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d) MMC-CBZ NPs
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Figure 6.2: Zeta potential plots of : (a) LMC-TZ NPs (b) LMC-CBZ NPs(c) MMC-
TZ NPs (d) MMC-CBZ NPs (e) LMTC-TZ NPs (f) LMTC-CBZ NPs (g) MMTC-TZ NPs
(h) MMTC-CBZ NPs (i) LMTMC-TZ NPs (j) LMTMC-CBZ NPs (k) MMTMC-TZ NPs

() MMTMC-CBZ NPs
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Chapter 6 Characterization of Chitosan and Modified chitosan Nanoparticles

The particle size of chitosan nanoparticles was found to higher than the particle size
of thiolated chitosan and trimethyl chitosan NPs. This result may be due the higher
solubility of thiolated chitosan and trimethyl chitosan than the chitosan at
physiological pH. The mean hydrodynamic diameter of these types of nanoparticles
showed a clear increase with the molecular weight of trimethyl chitosan and thiolated
chitosan, which is in agreement with previous works (Chauvierre et al., 2003,
Bertholon-Rajot et al., 2005). To elucidate the influence of chitosan,' trimethyl
chitosan and thiolated chitosan molecular weight on the particle size, as the molecular
weight increases the particle size was increased and this trend may be explained by
the fact that a medium molecular weight chitosan can more interact and associate drug
more efficiently than a lower molecular weight chitosan. The factor is out-weighted
by the fact that medium molecular weight chitosan is less soluble compared to low
molecular weight chitosan and as a reéult, an increase in particle diameter or even
aggregation may be obtained (Wu et al., 2005). Chitosan free amino groups were
responsible for the measured positive zeta potentifl values obtained for all
formulations, which might ensure the electrostatic interactions with the anionic
groups of the mucus.

6.3.2. Entrapment efficiency:

Drug entrapment efficiency (%EE) in the drug loaded nanoparticles was calculated
according to the equations below:

% EE = Total amount of druge loading-free drug in supernant x 100
‘Total amount of drug loading

Drug entrapment was also increased in thiolated chitosan NPs and trimethyl NPs than
the chitosan NPs. These results may be due to the use of sodium deoxycholate as a
anionic surfactant. Formation of drug-sodium deoxycholate complexes, which can
adsorbed more on the positively charged thiolated chitosan and trimethyl chitosan
than the highly cationic drug (Carmen et al., 2009). As with increase in the-
concentration of sodium deoxycholate solution, the size was decreased and surface
area was increased. Hence, more drug-sodium deoxycholate complexes adsorbed on
the surface of thiolated and trimethyl chitosan leads to high drug entrapment. The
results are recorded in Table 6.2 for all nanoparticles.

6.3.3. In-vitro drug release

In vitro release of drug from nanoparticles was carried out in phosphate buffer (pH 5)

using both dialysis bag (to see the release of drug from the formulation) and nasal
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Chapter 6 Characterization of Chitosan and Modified chitosan 9{anoparticles

mucosa (to see the diffusion of drug from the biological membrane) (Qi-zhi et al.,
2006). Results for In vitro release profile of TZ loaded and CBZ loaded chitosan/

thiolated chitosan/trimethyl chitosan NPs and solutions of both the drugs, are shown
in Figure 6.3 & Figure 6.4.
(@)

(b)

(Mean £S.D.,n =3)

Figure 6.3: (a) In -vitro release of tizanidine HCI from chitosan, thiolated
chitosan and trimethyl chitosan NPs using dialysis bag (b) In -vitro release of
cyclobenzaprine HCI from chitosan, thiolated chitosan and trimethyl chitosan

NPs using dialysis bag
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(a)
In -vitro release of Tizanidine HCI from chitosan, thiolated
chitosan and trimethyl chitosan NPs using nasal mucosa
- mmTizanidine HCI solution
LMC-TZ NPs
o ——— MMC-TZ NPs
©
2 —~*-LMTC-TZ NPs
S -*-MMTC-TZ NPs
I
E —e—LMTMC-TZ NPs
>
@) MMTMC-TZ NPs
X
> 400
(Mean + S.D., n = 3)
(b)

In -vitro release of Cyclobenzaprine HCI from
chitosan, thiolated chitosan and trimethyl chitosan NPs using
nasal mucosa «Cyclobenzaprine HCI

solution
mLMC-CBZ NPs
i MMC-CBZ NPs
+LMTC-CBZ NPs
MMTC-CBZ NPs

LMTMC-CBZ NPs

MMTMC-CBZ NPs

100 200 300 400
Time (mins)

(Mean = S.D., n =3)
Figure 6.4: (a) In -vitro release of tizanidine HCI from chitosan, thiolated
chitosan and trimethyl chitosan NPs using nasal mucosa (b) In -vitro release of

cyclobenzaprine HCI from chitosan, thiolated chitosan and trimethyl chitosan
NPs using nasal mucosa
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Statistical data analyses were performed using the Student’s ¢ test with p < 0.05 as the
minimal level of significance. All values are expressed as the means + S.D.

The maximum 51 to 55 % of drug release was found in 2-3 hrs for TZ and CBZ
solution. TZ loaded and CBZ loaded chitosan NPs shows higher drug release around
65-72 % in 2-3 hrs than the drug sblution. Tizanidine HCl loaded and
Cyclobenzaprine HCl loaded thiolated chitosan NPs and trimethyl chitosan NPs
shows the comparative faster and higher release around 88-96 % in 60 minutes. The
significant change in results may be due to the improved solubility of thiolated
chitosan and trimethyl chitosan at physiological pH than the chitosan. Thiolated
chitosan and trimethyl chitosan were found to have high mucoadhesive strength and
high solubility than the chitosan so the more drug was absorbed and ;;ermeate faster
through on the nasal mucosa.

6.3.4. Transmission electron microscopy

The TEM images of LMC-TZ NPs, LMC-CBZ NPs, MMC-TZ NPs, MMC-CBZ
NPs, LMTC-TZ NPs, LMTC-CBZ NPs, MMTC-TZ NPs, MMTC-CBZ NPs,
LMTMC-TZ NPs, LMTMC-CBZ NPs, MMTMC-TZ NPs, MMTMC-CBZ NPs are
shown in Figure 6.5. TEM images of NPs showed uniform particle size in nanometer
range.

(a) LMC-TZ NPs (b) LMC-CBZ NPs

T50 oy

(c) MMC-TZ NPs
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Ps

(e) LMTC-TZ NPs () LMTC-CBZN
g : 1o -

i

(d) MMC-CBZ NPs (¢) LMTC-TZ NPs (f) LMTC-CBZ NPs (g MMTC-TZ NPs (h)
MMTC-CBZ NPs (i) LMTMC-TZ NPs (j) LMTMC-CBZ NPs (k) MMTMC-TZ NPs (1)
MMTMC-CBZ NPs
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6.3.5. Nasal toxicity studies
Freshly excised sheep nasal mucosa mounted on Franz diffusion cells. One mucosa is

treating with phosphate buffer (pH 6.4); the other mucosa with Isopropyl alcohol
(IPA) and the remaining with NPs formulations after one hr the mucosa rinsed with
phosphate buffer (pH 6.4). Nasal mucosa was fixed in 10% buffered formalin (pH
7.2), routinely processed and embedded in paraffin. Paraffin sections (7 pm) were cut
on glass slides and stained with hematoxylin and eosin (HE). Sections were examined
under a light microscope, to detect any damage to the mucosa during in vitro
permeation by a pathologist blinded to the study. The sheep nasal mucosa treating
with phosphate buffer (pH 6.4) and isopropyl alcohol as positive and negative control
respectively (Majithiya et al., 2006). Figures 6.6 show the histopathological images of
nasal mucosa for phosphate buffer (pH 6.4). IPA and all drug loaded NPs
formulations.

(a) LMC-TZ NPs (b) LMC-CBZ NPs
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(€) LMTC-TZ NPs

(Q)MMTC-TZ NPs

(i) LMTMC-TZ NPs
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(f) LMTC-CBZ NPs

(h) MMTC-CBZ NPs

() LMTMC-CBZ NPs
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(ni) Phosphate buffer (pH 6.4) (n) Isopropyl alcohol

TV A rmy*

S

Figure 6.6: Histopathological evaluations of sections of sheep nasal mucosal
membrane: a) LMC-TZ NPs (b) LMC-CBZ NPs(c) MMC-TZ NPs (d) MMC-
CBZ NPs (e) LMTC-TZ NPs (f) LMTC-CBZ NPs (g) MMTC-TZ NPs (h)
MMTC-CBZ NPs (i) LMTMC-TZ NPs (j) LMTMC-CBZ NPs (k) MMTMC-TZ
NPs (I) MMTMC-CBZ NPs (m) Phosphate buffer (pH 6.4) (n) IPA

The microscopic observations indicate that the optimized formulations have no
significant effect on the microscopic structure of mucosa. As shown in Figure 6.6
neither cell necrosis nor removal of the epithelium from the nasal mucosa was
observed after permeation of NPs formulations. The epithelium layer was intact and
there were no alterations in basal membrane and superficial part of submucosa as
compared with phosphate buffer (pH 6.4) treated mucosa. Thus, the develop
formulations seem to be safe with respect to nasal administration

6.3.6. Confocal laser scanning microscopy examination

Figures 6.7 & Figure 6.18 shows the confocal images of mucosal surface and after Z
sectioning of nasal mucosa for Rhodamine B (RB) solution, Rhodamine B loaded

chitosan/ thiolated chitosan/trimethyl chitosan NPs.
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(a) LMC-RB NPs (b) MMC-RB NPs

(€) LMTMC-RB NPs () MMTMC-RB NPs

Figure 6.7: Confocal images of Mucosal surface: (a) LMC-RB NPs (b) MMC-RB
NPs(c) LMTC-RB NPs (d) MMTC-RB NPs (¢) LMTMC-RB NPs (f) MMTMC-
RB NPs (g)RB solution
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(a) LMC-RB NPs (b) MMC-RB NPs

i

(¢) LMTC-RB NPs (d) MMTC-RB NPs
(e LMTMC-RB NPs v (f) MMTMC-RB NPs

F !

et 2 4 o b e i AN et i et

g) RB solution

Figure 6.8: Confocal images after Z sectioning of nasal mucosa: (a) LMC-RB
NPs (b) MMC-RB NPs(c) LMTC-RB NPs (d) MMTC-RB NPs (e) LMTMC-RB
NPs (f) MMTMC-RB NPs (g) RB solution
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As observed by confocal laser scanning examination, the positively charged chitosan
thiolated chitosan and trimethyl chitosan NPs performed stronger interaction with the
nasal mucosa than the Rhodamine B solution. This bioadhesive effect resulted in an
enhanced contact time of the thiolated chitosan NPs and trimethyl chitosan NPs on the
negatively charged nasal mucosa than the chitosan NPs and Rhodamine B solution.
The findings may be explained by the formation of covalent bonds between the thiol
groups of thiolated chitosan and cysteine residue by the formation of ionic bond
between positive charges of TMC and negatively charged sialic groups on the mucus
protein strucﬁure. This effect leads to high concentration of drug on the penetration
site to promote an effective penetration of drug through the nasal mucosa. Images
after the Z sectioning of nasal mucosa showed that the higher penetration of thiolated
NPs and trimethyl NPs than the chitosan NPs and rhodamine B.

6.4. Conclusions

After characterizations of all formulations, we may concluded that the TZ loaded and
CBZ loaded chitosan, thiolated chitosan and trimethyl chitosan NPs have small
particle size (<700nm), positive zeta potential with higher mucoadhesive strength and
drug permeation through nasal mucosa that suitable for intranasal administration. In
vitro release studies shows that the comparatively high and fast release of TZ and
CBZ from the thiolated chitosan and trimethyl chitosan NPs than the chitosan NPs
and drug solution. The smooth and spherical surface of NPs was confirmed using
TEM. The epithelium layer was intact and there were no alterations in basal
membrane and superficial part of submucosa as compared with phosphate buffer (pH
6.4) treated mucosa. Thus, the develop formulations seem to be safe with respect to
nasal administration. Both the drug loaded chitosan/thiolated chitosan/trimethyl
chitosan NPs were further subjected to stability studies according to ICH guidelines |
(Chapter 7). |
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