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Recent Advances in Intranasal Drug Delivery
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In recent years intranasal administration of drugs has received great attention as a convenient
and efficent method of drug delivery because of its potential to improve the systemic effect of
substances with a poor oral bioavailability. In addition to offering advantages such as rapid absorp-
tion, fast onset of action and avoiding the first-pass effect, it provides for delivery of drugs from
very lipophilic drugs such as steroids to polar and hydrophilic drugs such as peptides and proteins.
However, little is still known about the nature of various barriers existing in the nasal mucosae
as well as mechanism by which these molecules are absorbed. This review article therefore intends
to discuss nasal physiology, experimental methods and evaluation of absorption from the nasal cavity,
factors influencing nasal absorption, mechanism of nasal absorption, approaches to improve the resi-
dence time and to obtain the sustained-release effect of intranasally administered drugs, promoters
and mechanism for the enhancement of nasal absorption. Several examples for intranasal delivery
of various systemically effective drugs will be reviewed and illustrated. Drug metabolism in the
nasal mucosae and problems associated with intranasal administration of drugs will be also discussed.

Keywords —intranasal administration, systemic effect, nasal physiology, nasal absorption, mucocil-
liary clearance, nasal promoters, absorption enhancing effect, nasal metabolism.
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Figure 1—Diagram of surgical procedure used in the
in situ and in vivo nasal absorption studies. (Ref.9)
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Blood testosterone level, pg/mi
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Figure 3—Mean blood levels of testosterone in rats fol-
lowing nasal(Q), intravenous(®), and intraduodenal(()
administration of 25-ug testosterone per rat. Points rep-
resent mean values of 3 animals+ SEM, (Ref. 12)
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Figure 4— Comparison of serum concentrations of met-
kephamid after various routes of administration in rats.
(Ref. 15)
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Table 1—-Relationship between Nasal Bioavalability and
Molecular Weight [Ref.6)

. Absorption Number of
Peptides . .
(%) amino acids

Thyrotrophin releasing hormone

(TRH) 20 3
Vasopressin analogues 6-12 9
LHRH, agonists and antagonists 1-10 9-10
ACTH analogs 12 17-18
Growth hormone releasing factor

(GHRF) 1-2 40-44

Table I1—Methods for Measurement of Nasal Mucocil-
lary Clearance in Man (Ref 18}

Detection method

Gamma-camera

Principle

Total clearance of
#mTe-labeled solutions
Mucus flow rate

with ®"Tc-labeled particles

Mucus flow rate

Gamma-camera

Fluoroscope image
with radiopaque Teflon disks intensifier
Mucocilliary transit time Pharyngeal inspection
with colouring substances
Mucocilliary transit time Sweet taste
with saccharin

Mucocilliary transit time Sweet taste and
with a combination of pharyngeal inspection

dye and saccharin
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Clearance of desmopressin solutions from the nasal cavity
Adminstered as spray and drops

(Meant SEM, n=6)
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Figure 6—Nasal clearance of the ®*Tc radiolabelled tra-

cer from the nasal cavity after administration of 100 w/

spray, 200 p/ spray, rhinyle and pipette each to six sub-

jects (Meant SEM). (Réf. 20)
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Figure 7-—Plasma levels of desmopressin following nasal
administration of 300 pg desmopressin 100 u/ spray, 200
w spray and 200w/ drops by rhinyle and pipette each
to six subjects (Meant SEM). (Ref. 20)
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Figure 8—Clearance of different microspheres systems

‘and two control systems from the nasal cavity: (@)

DEAE-dextran microspheres; (A) starch microspheres;
(O) albumin microspheres; (A) control nasal solution;
(O) control nasal powder. (Ref.25)
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Table II—Effect of Sustained-Release Agents on the
Cardiac Contractility Parameters of Dobutamine in Dogs
(n=23-5) (Ref27)

Cardiac contractility activity

Sustained-release Onset time® Peak time® Duration

agents (min) (min) (min)
None in formulation 5 10-30 60
Triacetin 5 10-30 60
Span 85 5 10-30 60
Coconut oil 5 10-30 60
Ethyl oleate 5 10-30 60
Olive 5 10-30 60
Oleic acid 5 15-60 240+
Linoleic acid 5 13-30 210+

*The time contractility activity was first observed.
*The peak time of contractility activity.
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Figure 9—Duration of cardiac contractility of dobuta-
mine in dogs after intravenous infusion and administra-
tion of various nasal formulations at the dose of 733
ug/kg (n=4). (Ref. 27)
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Figure 10—Plasma concentrations of dobutamine after
intravenous infusion and nasal adminsiration of dogs
(n=4-12). (Ref.27)
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Table IV—The Effects of Adjuvants on Rectal. Nasal and Buccal Insulin Efficacy Relative to Intramuscular Insulin

Efficacy (Ref. 29)

. Insulin Efficacy Relative to LM. (%)
Adjuvant
dose (U/kg) Rectal Nasal Buccal
None 2 108+ 3.1
10 170+ 5.6 04+ 02 36+28
20 70+ 14
50 32+ 06 20£ 05 0.7+03
Avg. all doses 95+ 20
Laureth-9 (5%) 10 319+ 11.0* 287+ 6.9* 27.2+ 10.3*
Na salicylate (5%) 10 41.7+11.3* 4124 29t 2.0
50 1.0+ 0.7
Na, EDTA (5%) 10 310+ 6.7* 35+ 1.0 0.9% 04°
50 29+ 14
Aprotinin (270 U/ml) 10 151+ 2.8 9.6+ 4.3 24+ 16
Aprotinin+ Laureth-9 5 257+ 7.0* 13.0+ 1.8 57+ 2.8

“Meant SE of six or more animals per group.

*Mean response was lower than the lowest pomt on the im. dose/response curve; group not used in statistical

comparlsons

*Significantly (p<0.05) different from control, by t test.
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Hol&-go] 747} 60-80, 13-23% =24 SGCHUH= H]

HAEFeS A /A A v s
H7k o) A 2F4S TS SGC o] 99

a

2
F4E o]83% 924 sodium deoxycholateE
TEIAZA AHEEY AAlS] PRt
insuling Av|EAA] ss ol Jr) B
ad vk glom® 6ZFo HFAHNS WL gen-
tamicin®] AE o)A ¥]HNESFE sodium
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& 28 APAAL insulin® ¥HALGFSE FU1
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375 8S Jeided® 1 542539
YN E FAS L U= calcium ion¥ chelate co-
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£& dAzE Ad AAAT FFEIAE o=
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Z714| o) v 8-o] Z43-g W7) A&t} Dipeptide ]
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oA HALEFSE F7HEQAN SGC-EE5HA]
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(SCOE WMAHEFF7E dolvbA] &kAq PCCHto]
v EFEZEaIr}F e, PCCE dEoz
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v S AHESlE o acyclovir®] B|HEESEo] A
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Figure 11—Mean plasma levels of hGH(ng/m/) (n=4)
following intranasal administration of 1 mg/kg hGH so-
lution alone(M), in combination with two absorption
enhancers, 0.2% lysophosphatidylcholine(TJ) and 1% pal-
mitoyl-DL-carnitine(a), following subcutaneous injection
of 0.5 mg/kg hGH(®). (Ref. 42)
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oAl 5% DMBCD7} A FALA e} vjmsfx] A=)
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HANES 238971 AQA® =5, DMBCDo]
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Figure 12—Effect of acyl chain length of acylcarnitines
and acylcarnitine-NaGC mixed micelles on acyclovir ab-
sorption in the nasal cavity of rats. (Ref. 43)
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Figure 13—Mean serum concentrations of progesterone
in rats following intravenous administration. (CJ) 0.9%
saline; (@) 100 pg progesterone with DMBCD. (Ref. 49)
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PolymerE ©]&3 HALEFEZ] g3t o=
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Table V——Bioavailabilities(BA) after nasal administration
of AVP and 1-d-8-DAVP in hyaluronate solutions in rats?
{Ref.53)

Table VI—Drug Metabolism in Microsomes [solated
from Liver and Olfactory Epithelium of Male Hamsters
(Ref.57)

AAC(% urine volume-min) BA(%)

AVP(0.025IU/kg)

Buffer solution (pH 7.0) 2506.3+ 3085 6.8+0.8
Hyaluronate solution

1.0(w/v%), pH 7.0

(14X 105 47046t 615 127+ 0.2**

1.5(w/v%), pH 7.0

(14X 105 5099.0+ 81.1 13.7+0.2**

1.0(w/v%), pH 7.0

(1.4X10% 54052+ 639.6 14.6+ 1.7*

1.0(w/v%), pH 7.0

(3.0X10% 3693.1+ 3415 100+ 1.0*
CMC solution

1.0w/v%, pH 7.0 34454+ 4575 93+12
1-d-8-DAVP(9ng/kg)

Buffer solution (pH 7.0) 3363.7+ 5295 6.0+09
Hyaluronate solution

1.0(w/v%), pH 7.0

(1.4X10% 56555+ 7149 101+ 1.3*

1.5(w/v%), pH 7.0

(14X 10% 6530.0+ 4123 1141 0.9*

“The AAC was calculated using the trapezoidal method.
BA was calculated as (AACasa/ACCiy) X (Diy/Diasa) X 100
%, D being the dose of AVP or 1-d-8-DAVP. Numbers
in parentheses indicate the average molecular weight
(daltons) of hyaluronate. Each value represents the
mean SE of four animals.

*Significantly different from buffer solution (pH 7.0) at
p<0.05.

**Significantly different from buffer solution (pH 7.0) at
p<0.001.

2 Qg nAR) ¢kokt}*(Table V), 3+ polya-
crylic acid gels o] &34 REINA insulin? calci-
tonin®] H|ANEFEE FUIAIZTE? Degradable
starch microsphere® 7|9} %& o=z six 2
H3 A3} gentamicind insuling®] HHEEFLS
SHAIZIAL Hate]l gigh $4do] 53] Zoja A
AT FrESIAEA M2l 23S wu gon
A X7+ 7 Z(paracellular route)o] &L A T
FENEHR} Qe RAow dHFHGI M

HIE UM 222l A}

H g ete A o] oFE-o] tALE <18l okEo] 7]
FolA] A o) §&-S ASIAZ B ol v 7o

Metabolic activity Olfactory

Liver o
epithelium

(nmol/mg protein/min)
Cytochrome P-450
(nmol/mg protein) 1.150.19 058t0.14
7-Ethyoxycoumarin deethylase 3.74+0.58 27.10% 11.9
7-Ethoxyresorfin deethylase 021+ 0.05 0.56% 0.10
Hexobarbitone oxidase 14 459

095+ 0.15 4.67+0.73

Aniline hydroxylase

o g3fA tAA 54 dodle AL
23 T2 gFE I vk vl T4 &
A el= FA phase [9] 2Fs}wkg, phase 119}
duEutg oz ey dEd 19
Hoste aa9 e o gop®

Phase 1¢] A3}& 491 cytochrome P-4508 &<
H 99EAL pasal tumorE SAFE diAME
2 grA2ITh 1 ojf+ cytochrome P-4502
YArls & activitys H]@uo] RO 3-48i9
=2 NADPH-cytochrome P-450 reductase® 3
BEAL 7] wWiEoln HEThE HE o] & HoR
A AN (Table VI) I 42 27, & 2AF A2
@l r)Ee EAsle HEAQ  diethylnitrosa-
mine(DEN)& 22 F€ o tiats o] 53] 7153
EAE HAFste akddel A AlEOA w7t
< ZPA 3 98Xl & EFE gk

Progesterone® testosterone¥ & RAAAZ
2L AR 7t FHE st AA oS
&0o] W] W&o tAFALZE T FAPHE
gaz 3th Progesterone2 HECNA Au|FoiAl
Arh YA o]-&-&o] 100%<18 Wt 4l o| X GT7o
A& 12%9] ofF @& Ao &g Vehdith 1
A in vitro 2 A progesterone¥} testosterone>
v g A tAE ZA) v FoR gt O
A in vitroSh in vivo HEAIL Fol= FHEN
SHths AME AV} Ha A FREA 3 3EFF
Ao a] Al4=31A] progesterone®] FFEHE Ad)
7109 ez g ¢ Yok

Cytochrome P-450 #A49]d] w]dute] Qs
phase 1¢] 42X+ flaving -3l monooxy-
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genase,”® aldehyde dehydrogenase epoxide hy-
droxylase,®® carboxylesterase®® 2} carbonic anhyd-
rase™7} Qe Zlo g d#HFTh Phase 2] X35
22AME glucuronyl T sulfate transferase® <}

98 ¢ e a5 a3 AFled F
23 938 = glutathione transferase(GST)7}
H el SEFAFE el HEGT) YekP ol
vt Al EAe] Rl ng I FEFEY
o 1ol AALAA F&F HEI 2 F don,
oA dojute 23|5HE 51-4%’ F e AH
Eaoo 3t #do] oz =uto] yate] & £
ot v ol A9 esterase?] &2 22 prod-

rugftol] o3 FEEAFAS I 23THE
3% 5 gom FFIvise clgo] HlHuaA
esterased] &4 thAlE ¥ parent compound?]
Adesansg 1% ¢ dogsd Ay 2 A
Aol &3 A acylclovir monoester prodrugel 2|3
H7Z Al F57t Qe acylclovire) H)A9
22 37 3FAZ AFE B vl Yok
281 Q= dHRa Akl 3N peptidest
protein drugEo] 35 o] &7 Wi 27§
022 MaHI YA Frh 2A vl Gl
Bavl Ao vAHTE 58 Au|Foe} 22 HAT
ARUEAAZ 7} polypeptide drugs] T3 =22 X

1
&

[
o

B #HES A HAh 38 Y5 peptide oF
=2 AdAHe g F47t 4 = whdd insulino]y

luteinizing hormone releasing hormone(LHRH)=
o] ®xlo] & polypeptidebE2 A o] &-&0]
W Aoz LR uE AT pep-
tide} protein®FEE 2] YA o] §-go] AT-EAE v
Hrle X7 AARATH HwAlE IA Rk
olggt A= Aol I AFAHo] de FE
ZHA 9 EeEetA AgoR st Hee] gk
FREZd WS BR ol wIF] gl= pro-
tease$} proteinase9} Z-2 Fho 93N EIE
] o Fo)r), v el HHTtolE exopeptidase
9} endopeptidaseE ¥E33 o8] FH pepti-
dase®} protease?] FAlo] By u} Yk Lee
%2 methionine enkephalin, [D-Ala’] methionine
enkephalinamide, substance P, insulin 2 proinsu-
linol] th3F 712 o] AuzZ e 73 (homogenates)
o gfE Je dREsaLe] EAo] IgdE
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Figure 14—Mean plasma levels of hGH(ng/ml) (n=4)

following intranasal administration of 1 mg/kg hGH so-

lution alone(1) and in combination with two aminopep-

tidase inhibitors, 0.015% amastatin(®) and 0.015% bes-

tatin(l). (Ref. 42)

Aol gA¥ FEsivia RustPchk™ v Hete] o
AN A enkephalin, leucine-enkephalin® Met-
& APt A&sA Lojson]
9] &8-& aminopeptidase, dipeptidyl peptidase
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vjFeto 2 BE peptidek=Z2ol F<barrierd] 7}
A 2 f¢lo] ¥ AAE aminopeptidasec] 2 &2
o] Ao AL JAIFOZA] peptidedtEo] F

FEHANRE FUAIZE F AE Aotk Aminopep-
tidase®] AAAZA= #EHFS aminoboronic
acid =471 &5 Aoz AL 2 4
24| pentapeptide24 WHEZH7|TE FHAJE
thymopenting iz vivo 3R] FAA] 2A¥H7E7]7) 12
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Figure 15—Mean concentrations(= SEM) of nafarelin

acetate in the plasma of monkeys after a single subcuta-
neous or intranasal dose. Key: (2) 431 ug, nasal; (O)
272 pg, nasal; (V) 131 ug, nasal; ([7) 5 pg, subcutaneous.
(Ref. 65)

nopeptidase2] A A< boroleucine?} 7= <
gt &AWL 38 FotEle) 37ES JERH
YAMFEQ] Lys. Asp. Val. Tyre] 27t 2459
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ALY In vitro 2E] 23] aminopepti-
dase?] &9l A+ bestatin®]tt puromycin®] 23}
A o] Fo]H ™ endopeptidase 24.113} cysteine
proteinased] WHEFH AL 1,10-phenanthroline
3} p-hydroxymercuribenzoatedl 2aj|x A o)z
o gy a®

229 Hgd 2 dlEsase JAALY
amastatin® leucine aminopeptidase?] Z&#3F <
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AA sl AL 24 Fig 149} #o] amastatin®] A
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Figure 16 —Time course of the average blood proprano-
lol levels in three rats after nasal administration of 1
mg/rat(O), intravenous administration of 1 mg/rat (A),
oral administration of 1 mg/rat (@), and nasal administ-
ration of 2 mg/rat({]). (Ref. 75)
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