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Abstract

Drugs including analgesics need a delivery system to deliver it to the site of action upon

administration. Delivery can be achieved using various types of dosage forms includ -

ing tablets, capsules, creams, ointments, liquids, aerosols, injections, and suppositories.

Conventional drug delivery systems provide immediate release of the analgesics with -

out controlling the rate of release. A number of doses must be given daily in order to
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drug-release properties.
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and polymer

1. Introduction

Analgesics are medicines that relieve pain or in other words they are drugs that are used
to provide pain relief. When we browse the topic on analgesics we will also come across

ImECH i 7KH $XWKRU V  /LFHQVHH ,Q7HFK 7KLV FKDSWHU LV GLVWULEXWHG XQGH!
S$WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ ZKLF
open science | open minds GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP COEEE'KH RULJILQD
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analogs were chemically based on the morphine molecule [1]. Additionally, analgesics
—~S¢1 ' —Ee72eZ11—"—@eZ> " eSelS—e' ' — S——Se"5¢1le>7e010-
TTMYZ — il >SEES ¢l Z21725-1-S¢1See"1l —@EezeZ1 e
e7<ceeS—EZwe1ezZE'1S5w01e¢S<S™MZ e’ 31See"7e:1°72¢18S>
[1pil eloe " Zeel«Z1 Zeele 7Z>7Z—e’'Se7ele'Sel7072See¢1S—S
‘SYZ1—"17Z ZEe1"—1¢'Z1< e¢1E " —e'e'"—51See'"7e"1 ®
™S 1S —el'— S——Se' " —j

2. Pain

‘¢l e"el E>ZSeZe¢1 ™MS'—51 "1 721 S7e' 58121 S—c 75171
1™>~e7E«’'YZ1 ™S — 1 “"E‘'1‘'Sel<«ZZ—1Z2@E>'<Ze1 —1e'e7:
el ' —"75¢1°—1e'Z1<"e¢il "0l ™S’ —1 'eelez'eZ1e'Z1 ™75 —
See”1eSE’'e'¢eSeZ11e’Se—"'®il "—™> e7E«'YZ 1™MS'—1<«¢1
S>—"—e1751¢’Se—"@e'ELe " "eil ¢1'@1’'—™ " 3eS el 51701
management purpose.

S'—1et—e>"—Z7Z01-S¢1<Z1e’ Z>Z—ed1l<zele' 251 @Z—™>¢1™
S ZEeZ+175eS—1S—el1e'Z1-Z@®SeZ1l ~ 1¢71e'Z1¢>S"—1e"51" —>
“e1S—SeeZ@Er 1SE " —1'®1<t1 "> —e1Sele Z1eZYZo1 o1
@'e—Sel > e’ —Se’—eles " 1e'Z1™Z5," ™M 7551 —75Y"71leCEeZ-
interpretation by the central nervous system.

>SEe’e’"—7>00 10ZeZE+'"—1"e1S—1S™M™M,;"™;,'Se71S —See?
1eZYZ>'e¢1S—ele'Z—1e'71"—" eZee71 1>’ @"1S—e17i*>S1<Z-
s’ ,«Z—7 171 S1 ™MSse’EZ7eSs>1e>7ei1l ‘Z1eZE' @' "—1 'ee1 S
E+SceeZel ele>ze0d1S—el1e'Z2'51SeYZ>072Z17Z ZE+il Zj*1l<""0q
S—elEH>"— EiIl —1@ZeZEe —e1e'721S—SeeZ®e’E1le"1<Z1707
must also be considered as a selection criteria [2].

2.1. Acute pain

Acute pain duration is self-limiting and this includes postoperative pain, pain of injury,

S—elE 7oec’>e'il P1e¢™Z17e1 ™S — 1’1l >Z2®ZZ—1"1<Z
—SH>ETCEL™MS —1"eeZ51'®@1E"—®' 72571 " 1<Z1®S*Z1Sce
e7-1"—17@" —¢1—S>E"« Exril ©’ —-1 @1l 'eelSe®™1<Z:
" Z1lczel 'etle’ e — el E"—EZ>—1"—1e'Z1> "1 17 EZ>E
doses may be adjusted based on observation of healing rate, changing doses from high t
" 1e"eZ®d1S—e1le>"-1—S>E " ELS—SeeZe'E®le"l—"——
5720717 e1le'72—<1e'Sel™Se’'Z —e@loe' " Zeel—"901<Z21®@2<“ZE*1ls"
to be dosed adequately to ensure that pain is at least tolerable to avoid the occurrence c
S—i'Z¢0172@72See¢1SeeZ>1 BF> Ze2Z>35u@ld S 2TWS'—1-S
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should never be dosed on as needed basis, but should be administered often enough t
Sewz>Z2172 ZE'YZ1™eS®e-S1eZ2YZe10"" ®1E 22¢1<Z1 S>5>8
™y, 7™MSsSe’'" (1]

2.2. Chronic pain

HST—"E1™S' —1'®leZ —Z+1S®1™S'—1eScee’—1"YZ>1Y1-"-
CeClez—Es " —il “@1IE T —e'e’"—1'1-">Z1¢ EZeele"1>7S:
©>2¢1S5721-">71¢ E7201"1-S—SeZ1<«ZES200Z1" 121" —s,
'e01¢Z11See’ Ee’"—1™"eZ —e’Sele 51 "@Z1 ‘"1S521"—1—S>!
"1 DZEe™'5Se™ ¢l 1eZ™s7Z@e’ " —1S—e1 E " —oee' ™S T i1 T>1
ulcers is evident. Drugs with narcotic agonist-antagonist properties such as buprenorphine,
1 —Secz™© _7811™MZ —eSE"E'—7817>1'21 XL —""¢<"e">0e01l
3Ze7E&Ze1le'Z11E" --"—1®'*21Z ZE*81S>Z1@e'sel—"e1>Z2E"
severe pain. Usually, practitioners following the guidelines for chronic pain management
will recommend a combination of drug therapy to suite the lifestyle and other treatment
modalities [2pT1 “¢’ ESe’"—17ele'Z1eZe’'YZ>¢1l0et0reZ—-1"e1e'Z10>7
>7Se—7—e1'®@1Sed 1<Z—7 E’'Se1ly

3. Group of analgesic drug

3.1. Narcotic analgesics

S>E"e'EL1S—SeeZ@® E®1S>Z1SeeleZ>'YZele> " =1"™"771 *Z¢1'-
TelelZ-"et—e'ZeE®]l —E ez —e1l-Z™Z>'e' — 710 Z-Z>"«(i81™
o7 17'7Z>@il’ Z>2—e1—S>E "+ EL1S—SeeZ@"E®1-S¢1YS>¢1 —
'—1e'Z1e>72Se—7—21"e1Y' ' ®@EZ>Se1 ™S’ —i1 Z—75See¢d1le'Z'51:
as they are all addictive in nature [Spil ‘Z®@Z1ESeZe >¢1 e1e57¢1S>571>747
as they are open for abuse, usually they are controlled under the nation’s laws.

3.2. NSAIDs

01S85>7218YS'¢S¢e721S8017Z ZE+'YZ1S—SeeZe'EelZYZ—18
" >¢17Z ZEeil ‘Z¢1S57Z1"—1¢'Z1e¢"5-1"e1YS>""701E'Z-"ESele
1e’'='¢S>1 ™ 'S>_SE "« ' ESel1Z ZEe1l' —1>2¢72E —e1 ™S —j1 ‘7
‘Z¢1S>7Z1-—"eee¢t1™> " Y’'eZel —1e'Z1e¢ >—1"¢1"5Sele"®@Se71Se"
injection [6].

S>SEZ¢S-"¢81 " >1SEZ+eS-—"—" ™' 7__1S0el -Z>>ES—@l ES--]
1S—e¢'— S——Se™>¢1™>" ™75 Zeil e1’ele'Z1-"0e1™ " ™37e¢5,18S
—"e7>Se71™S i1 e1'00]l Zeele e758¢7e1'—1—"5-8Se1>7E " —-27-
e 'YZ>1e {"E’e¢1Sel el @Ze@il ¢ — ESee¢td1l™MS>SEZ+S-"¢1
mild pain as it is considered to be very safe at therapeutic doses.
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4. Various dosage form of analgesic and their mode of actions
and limitations

4.1. Conventional dosage forms of analgesics

Conventional dosage forms of analgesic are the same as any conventional dosage forr
of general pharmaceuticals. Dosage which is synonymous with unit doses, means
1™ S>—SEZZ2e ESeleszel™s e7Eel’ —1e'Z1le 5-1e"7—1E"
E’' E1-"j*2>21"«1SE+'YZ1 —e>7¢'7Z—ee1S—e1'"—SE+'YZ17
"EeSeZ1eT-1E-Z1"'—1w©ZYZ>Selet™Z®@ELeZ™Z—o'—o1"
Z>Seles—@1l —Ee7eZ1'37' 810" +'+81S—eleZ-"@® ¢ sl
forms are solutions or suspensions for injection, pill, tablet, capsule, and syrup. Clearly,
the administrative route of the drug is dependent on the dosage form of the substance.
An oral solid dosage form is the solid form of a dose of a chemical compound used as
a drug or medication intended for oral consumption. More than one dosage forms may
Zi'eele™51S1e’ —eeZ1™Sse’E®2eS>1e572¢i1 ‘"@l’' 1272171
—S¢1—7Ze1 Z>7—21>"72701B8PliF 17 iBBe73A1Yy7>21"7
"e1—S7@ZS1H>1VY "’ —e31'¢1-S¢1<Z1e EZeele 170721S—

S$5>8—01S —1See7>5—Se'V215"2¢7107E‘1Se1l —“ZE+""—1">
«2181>282'>2-7—e1¢">1EZ>eS"'—1"" —e@l1 ele>7e081S0el-
¢ "71E‘'Z-—"ESe1eeSc et 1 H>1™MS,_SE"" —Ze E®il 1771

"el1Zij’el’ —1S1—7—-<Z>1"e1le"@SeZ1e >5—-31¢'Sel’ ®@dLleSceZe
o'~ TFable 107

Type of pain killer in the market Common dosage form available

1. S>SEZS-"«10SEZS——"™'Z—1 SceZeedloe ez¢
injection

2. S>SEZeS-"e1 '¢'1E"'Z—2 SceZeedloe ez "—

3. Z2e7ZE"j < Capsules

4 Diclofenac SceZ+eed1ES™mezeZedleZ1

5. Z—+S—¢- SceZed1ES™ezeZedl *>S-

6 Hydrocodone SceZe@dlZe'iZ>

7. Hydrocodone with paracetamol SceZeedlZiZ>

8. Hydromorphone SceZe@dl —"“ZEs'"—dlaez™T

9. 2™y e7 — SceZeedloe ez’ " —dleze™/

10. Z"i'ES- SceZe@d1 >8ele7ze™Z—0e'"-

11. Methadone SceZe@d1™>Sel ez’ —317>¢
injection

12. Ze'Ge™sZe—@7e"—7 ScoZe@dl —“ZEs "—

13. Milnacipran SceZe@dl —"ZE"—
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Type of pain killer in the market Common dosage form available
14. Morphine SceZeedl —“ZEs " —
15. S™y" i Z— SceZew@dl ¢Z2S¢Ze,5272S®Z1
tablets, suspension
16. i CE"e"—7Z SceZe®@d1™>Se1E"—EZ—+>S-
17. (CE " —Z7Z1 "o 1™MS,SEZS-"» SceZee
18. sZe—"®"—7 SceZedle ez’ —
19. 2-Se>'™eS— —“ZE+'"—81eSceZeed1

—SeeZ@ ELlE™ZE'Sest1™>"e7Eece]
e7>7701S50e1Se“2YS—e1e"1S5S—SeeZe’EJL i

Tablel “—217e1+'Z18—8eeZe E18—+1e' 2510 8021 >-18V8 e8+21'—1+°21-%>
5. Various new dosage forms, making their way to the market

5.1. Research in the development of new delivery system with existing analgesic

ZYZe"™_Z —el17e1-"e" Ze157e7ZSRZ1™S —"'eeZ51'@1S1™ ™7,
'—e"1e'Z1eZYZe" ™7 —01"e1e7E'—'82201S—17ZYSezSe'"—1°%
SeZ-7Z—e1"e1EH>"— E1I™MS —1'—1E"-™S>’ 7pil ¥ 17S80'E S
importance of pain management and the treatment of pain has initiated more research in this
S$>78S1S—-"—¢1'2ZSee'ES>Z1>2®@ZS>E‘Z>0eil "¢’ Ze 57728 0eZ1™:
maintain pain control due to convenient dosing intervals and sustained blood concentrations.
00107218 <"YZ1@eSeZ—-Z—2®BL 1’ ®1ZY e Z—EZe1e'SeleZYZe
— 727720151 ™S’—1-S—SeZ7-7—9+1e57810"1S®1+"1<Z1VYZ>¢
717 ZEVZI™ME RS 8§27 _e1y

All drugs need a delivery system to deliver it to the site of action upon administration. Delivery

of the drugs can be achieved using various types of dosage forms including tablets, capsules
E>Z2S-®81l7 —e-7Z—2ed1'8372'+®©d1SZ>" " ®dL'—“ZE*'"—®d
delivery systems provide immediate release of the drug without controlling the rate or drug

release. A number of doses given daily in order to achieve and maintain therapeutic level to
SE"'ZY7212 ZE&«'YZ1™eS®-S1E —EZ—+>S+'"—®e1ES7eZ3 1D
S—eleszel™MeSE-S1eZYVYZe®1E ZeeleSeelcZe™ 1e'721-"—"-7-1
Zi@®ZZe1e'Z1—"—'—72—-1+"j EFi@fel®Z—+>S*""—10

[IX71 ‘Z1YS>'"72ele¢™Zoel el-"e Ze1572¢2SeZ1™>Z2™S>Se’'~"—
‘Z1™Z> ™M 71«7 —elE —e>Tes’ —ele'Z1er701eZ¢’YZ>5¢1e">1S-
therapies while eliminating the potential for both under- and overdosing of analgesic.

Maintenance of analgesic levels within a desired range to combat pain is indirectly combat-
'—eleesZeele 1l Z1 ™S Z—eil ‘Z1—Z7Z7e¢1e 517 Z51Se—"—"

TKHL



3DLQ 5HOLHI )URP $QDOJHVLFV WR $OWHUQDWLYH 7KHUDSLHV

A N
Plasma \
Conc. y T A T
I 1
.'Ir l.l
A V -‘\\
\

~
S

0 6 12 18 24
Time (hrs)

Toxic level

Effective level

Figure 1. ‘Z1E " —VYZ—¢'"—Sele"751¢' -Z@1¢S'e¢1>Sele"@Zel ™ ele' Ee"eZ—SEle"
cTeZeleiweS —Ze157e72S®@Z1e™>—70Se’ " —10WVVI1-—0elll™eSe-S1eZYZei

1S—SeeZe'ELls” S>el —"1™MS'— 1-S"—eZ-S—EZ1'el+"1SY
increase patient compliance in their pain management [8].

5.2.1. The polymeric delivery system: polymers in controlled drug delivery

‘217207171 YS>' 721 ™M et¢—-7>01" ' —1E " —e>"eeZeler7el e/’ Y-
T —1>202S>E'Z>eil ‘Z®Z1™ et -2>01ES—1<Z1—S+7>S+17>
combined with a drug in such a way that the active agent is released from the material in a
™yZeZ@'s—71-S——75i1 ‘21522S00Z17+1«'Z1SEe'YZ1SeZ—=
—SC1<Z1ECEEL1"YZ>1S1e"—e1™Z5 7017511 -S¢1cZ1les> 0eZ>7
events [9].

“e0—Z>1ES—1<Z17@®Ze1 12— ES™@7eSeZles7e1-"eZE22Z]
S—el1ZjeZ—e¢ —e1¢'7Z1SYS'eSc’e’e¢1 0le‘Z1loes720102"1e¢'Sele" e
sZe7@EZe1l "eZ1-S' —eS'—'—ele'Z1™eS®e-S1eZYZel®+ZSC1l0e
tenance of release preparation of diclofenac sodium for oral administration [8].

“e¢—7>1ES—1See"1<Z1700Z71 ' —1™"eZEe —ele'Zler7ele>
oZ¢'YZ>C1 ele'Z1les7ele " 1EZ>eS —10e’eZ1 e1le'Z1c¢"e¢il 1YZ>¢ 11
<SeZlesZele”1e'Z1@—Seel ' —eZoee’'—71 ‘Z>Z1-"el ele" "l
"®12072°15001S1™s e ZEe'YZ1le''Zeeil "1ES—1<Z1S1™ o’
it is very stable and will disintegrate in basic environment.

Characteristics of polymer may be engineered to the advantage in the development of a drug
«Ze'YZ5¢1leteeZ-il 1-2E"S+'Z’'YZ1™ e¢-7>1 "E'1ES—1ces
®72eSe71¢>7¢1S—+1S4SE'1+"1+'21-7E " ®S1S—eleZ®e+sS'—1'Z1
gradable polymer can be used to encapsulate drug for slow release as the polymer degrades. /
pH-sensitive polymer can be used to target the release of drug either in acidic or basic environ-
ment. Combining all these characteristic, a researcher can even deliver a drug which currently
can only be delivered by parenteral route, using the enthrall route. Logically, the drug can have
an outer encapsulation with a pH-sensitive polymer which can save it from the acidic environ -
—Z—e1"—1¢7Z100* -SE'1S—+1ES—1'SYZ1S1-72E"S+'Ze’YZ1™
to the small intestine lining and to release the drug direct across the membrane into the blood.
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‘Z1YSoeelzZeZel el™ et —-Z>1"—1e'Z1eS0cee>"'—eZee' —Se0d
—Tele’ el Z1@®@S-Z1™ e¢—-2Z>1"1<Z17202Z1 —1"e'Z51>" 7
polymers in the form of nano size particles are used to deliver drug as an intravenous
dosage form [11pil Z@ZS>E 'Z>001S>Z21Se@ 1 """ —el’ —e"1YS>’
depot for big dose administration of drug through implantation in the subcutaneous
area for cases of difficult patient compliance such as delivery of antipsychotics and
cancer drugs.

717171t —e'ZeEL1-Se7>'Ser1e'Se1S8S>7Z1EZ>>Z—eeC1<Z
delivery are as depicted in Table 2.

“e¢—-7>18>710" -2 -2 1E>7¢2¢17i>SEeZs1e>"-1—S5+7>S.1
™eS —eeil ZE‘'1—Se7>Se1-SeMabe3e1S>Z1¢Z™ ' EeZe1'—1

Polymer Polymer structure

TeCOX, CesT{¢1Ze Cel—Ze SE>CeSeZ Ui — -

(CH.00), D H

e Y —Cel™Er>Te e —Z (i
o &

“e¢(—Ze'Cel—Z'SE>CeSeZ 0
(CO.Hy), |
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Polymer Polymer structure
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Table2. {S—™e¢Z71"¢le¢—e'Ze' EL™M e¢-7>18YS'eSceZ1’'—1'21-8>"7+i

5.3. Controlled-release mechanisms in the case of using polymer as a drug delivery system

‘2>721 S>71 «'>72721 ™My’ -S5¢1 -ZE‘'S—" -l ¢l ""E'lSE-YZ
1eZe'VZ>¢1leteeZ—Mle 2@ ~—81eZ2¢>SeSe’"—31S—elm Zes' —
these mechanisms may occur in a given release system12]. We can easily understand this
mechanism through Figures 2-8.
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Material

lllustration Structure (if available)

Gelatin

Carrageenan

Chitosan

Arabic gum

Hibiscus

esculentugum

Table3. |S—™e717¢1—Se7>8e1™ ¢ 75170721 —1e>72ele7¢'Y7Z>¢1>720ZS>E"i

TKHL
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0 Hour 6 Hours 12 Hours 24 !-IOURS

Analgesic
encapsulated e
within polymer Analgesic started to diffuse out from the polymer matrix into the system at a steady rate for a prolong period

Figure 2. —SeeZe'Ele’ 202’ —e17 701> =151-Se>"j1 el ™ e¢—-75>1"—1S1eZoeS —!

Drug diffusing out from a polymer which act as a resevoir in a dermal patch

Figure3. 1¢7>-Se1™SeE '1-"eZel’eez7me>Se’'—ele'Z1e’ 7" —1S5S—SeeZ@’ ELle>"-1

Swellable polymer

acting as drug Swelling of the polymer

Drug released upon swelling of
reservoir the polymer. The swelling rate is
the indicator of drug release rate

Figure 4. Analgesic delivery system by swelling of polymer acting as drug reservoir.

Drug encapsulated by Polymer matrix swelling The swelling rate of the matrix is the
swellable polymer and causes drug to be indication of the drug release rate
forming a matrix released

Figure 5. —SeeZ ' E1eZ+'YZ>¢1let@eZ-1<t1loe Zes' —el1 ele'Z1™ et —-751-Se>"j1Z
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-
s -
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= s .
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Swell to release drug or shrink and . oy
not releasing the drug, base on - ~
enviromental stimuli such as . .
changes in pH, temperature or el ) . *
ionic strength - "

forming a matrix released

Figure 6. Drug delivery from environmental sensitive release system.

The bulk eroding of the Q Q Q () Q
Drug encapsulated in polymer will release the a a
the matrix of the polymer  drug it encapsulated slowly The bulk eroding rate of

the polymer is indicative
of the drug releaserate

Figure 7. Z2e"1Z5>7¢’—el<¢' " eZe5SeSceZ1™ e¢ 75 E1eZ'YZ>¢1leCoeeZ—i

Figure 8. 7>eS@EZ1Z> ¢ —el<' " eZe>SeSce71™ e¢—7>'E1leZe'YZ>¢1lebReZ -]

6. Transdermal drug delivery
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active transport steps [13].
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protection of underlying tissues, control water loss, rich sensory receptors, synthesizing of
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tant issue in the development of transdermal dosage forms so as to deliver the drug across
«'Z1lee>Se’ ZMRSCZrely

Drug in the transdermal dosage form are generally poorly absorbed, but in the positive man -
— 751’1 'eele™>—1S1e"@SeZ1e"5-1 "¢ 1S1VYZ>¢1E " —e>"eeZe1
for analgesics but the common problem is that the drug may cause focal irritation. Currently,
'— 1721 -S>"7e1e>S—eeZ>-SeleszeleZe’VZ5¢1e 51 @teeZ-"E:
¢"RZ1'SY —ele” 1-"eZE2eS51 Z'e'e@1S—el'etle’ ™M TIM I e (E",
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improved compliance [15p71 jS—™eZel1 " e1zZE ‘'l " SeZ1">—e1SYS
morphine and sufentanil patches.
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the barrier, a drug reservoir, a control membrane to control the release of the drug, a contact
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Researchers can be creative in the development of transdermal delivery system for analgesic:
‘Z1e7ee” ' —e@1S>721S1eZ 1E>2Se’'YZ1'eZ2Se1™"—1+Z'YZ>¢1"+1
each having its own technique of engineering.

6.1. lontophoresis

An active state of transdermal technologies uses low voltage electrical current to drive
E Sr>eZelesze@le>s"7e'1e' 21" —il "0l 'ee1Z—S<sZ1E"'S>7Z
the stratum corneum. Each iontophoresis patch is a device consisting of a housing which
E~"—+S —01+°21<S47Z25¢1S—e1>ZeSeZe1Z«7ZE*>"— Eedle "1™
S—el@” —1Se'Z@'YZil —eCl " —Z17ele'Z1™ e¢-2Z>" E1>Z®Z>
contain only pharmacologically inactive ingredients. Figure 11 depicts the iontophoresis
eteeZ-il ‘Z1E " EZe1 " —1 ‘Ze'Z51+'21S—"eZ1"51«'Z1ES>"
on the drug charge.
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6.2. Electroporation
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6.3. Sonophoresis
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tissue that disrupt the lipid bilayers of the cells of the stratum corneum creating microchan -
—Zeeil ‘Z17ee>S®@"2—e1™ "5S¢’  _1ES—1'"—E>ZS®Z1'Z1+>S-
100-fold. Figure 131'ee70ee>SeZ el Z17Z ZE+1 el — ™M "s7@’ el

6.4. Microneedle dermal patch
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Figure 12. Z—™">S8>¢ 1’ @>Z™ e’ " — 170l e'Z1 ¢ e’ ™’e1 758 —71See7517¢ZE+>"™">S
membrane B: Bilipid membrane after electroporation C: Recovery of the Bilipid membrane after an interval.
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without causing pain or injury [ 16]. A lot of research in the literature shows that this pierc -
"— 17 ZEe1l —E>Z2SeZele>S—0eeZ>-Sel 7jl1 e1S>5¢71-"«7E
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Figure 13. Bubble formation after sonoporesis process, forming channel for drug penetration. A1 ~

>
o' Z1c¢e'™ 0] 7->S—71 Al ">=Se' " —1"elcZccoZ@l —1 '’ ™M'e]l_7->S—7

Figure 14. ee7@e>Se’ " —1"e1—"E>"—77Z¢e71>S—00eZ>-Se1™SeE ']l ’e'le>2e1572@7Z>Y"

7. Nanopatrticle delivery systems

S—"™Ss>e'EeZlebtmreZ-®1Sele>72¢1ES>>'2Z>@1-S¢1Ssce”1-
Z5617¢1S—SeeZ®' E®il ‘'Z21SeVYS—eSeZ®17¢1—S—"™Sse¢ (Es.
of the nano formulation, high product stability, good loading capacity, both hydrophilic
and hydrophobic substances can be given together in the same formulation, and various
routes of administration can be utilized [ 11]. Analgesics in nanoparticulate systems would
be transported and released in a controlled manner at the target area, depending on the
environmental conditions. Analgesic nanoparticulate can have the following advantages:
reducing the dose of the drug, some specialty formulation may allow analgesic drugs that
normally do not cross the blood brain barrier to penetrate into the brain where this can
3Ze7@Z1e'Z1 ™75 ™ 75561 @'eZ217Z ZEelc<tle™ Z>' —ele'71¢
EZ—>Sel—7>Y " 72elebe@eZ—il ‘Z1eZYZe"™M_-7Z—e1701¢'721S—
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may represent a future challenge to achieve promising agents for regional drug delivery in
pain management strategy.

S—"™Sse’EeZel ES—1 See™l <Z1 @™e’sl "51 0 eel E e
le’™’eeil ‘ZC1l ES—1<Z152¢1 ES>>'Z>1C¢eZ-10ZE'1LS
tems are based on using nanoparticles composed of biodegradable polymers, this ha

(Z2Z2—12i™eS’ — 701’ —1'7217Sse’7Z>1072cZE+"~"— 1"~ 27™
microparticles may consist of polymeric nanospheres in an oily reservoir or aqueous
~Z+'72-11 ¢1 Scele'™ —1'—1>Z®ZS>E'1'Se1S1—7-<Z>1"

75¢'™5>"e7 _31S—e1SEZe¢eleS ' EC ' EL1SE'¢1‘SYZ1<272—
nanoparticles [18].

8. Multiphase liposomal drug delivery system

Liposome is a drug delivery system suitable for various routes of drug administration, i.e.,
">SeB1>ZE+Se81 ™MS>Z—27>5¢81S—e1 ™S>’ EZ2eS>e¢1"ES-1S
membranes [19]. Liposomes are microscopic phospholipid-bilayered vesicles and they have
the advantage in which they can be used to entrap both hydrophilic and lipophilic drug for
delivery. Figure 15 illustrates the formation of liposome for drug delivery. Liposomes are
generally administered by intravenous route but they are also developed for transdermal or
subcutaneous implantation.

8.1. The concept of LipoSpray

®'—ele'Z1e'™M @ -Sel1E"—EZ™el '™~ ™M;S¢ 1'e1S—1"—
®C'EL —1e'Z1le >—1"ele’™M " e"_Seleze™Z—ne'"—il ‘Zloeric
under the tongue. Liposomes penetrate the mucosal tissue of the mouth, and the drug is
released from the liposome into the bloodstream, distributing the drug throughout the
body in minutes.

el ™MSe 1<t ™S Zele'Z1eSeesy" —eZee’—Se10 Ule>SE"1S
‘7218 —See7@EL1l —18727Z0¢"—1 “7¢01'SYZ1S1¢SceelZ ZE+1'-

Figure 15. Various morphology of the polar and nonpolar arrangements in liposome and its formation.
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9. Basic research methodology in development of new drug delivery
systems in delivering analgesics

el ®Z«E'S™eZ51eei@e>SeZ1S—1Z7Zi{S-™e¢Z1%e1520725>C
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condensation polymerization. Addition polymerization involves the use of a radical generating
initiator which triggers polymerization reaction of monomers. Condensation polymerization
involves reaction of monomers containing reactive functional groups to form a polymer.

‘Z1 1S 11 @™ZE*>S1 —7Ze¢1¢"1<2172@Z¢1"1E " — >—1+"
1™ e¢—7>71 72>¢'2>1847Z—-™eele "1l et—e'Z’'£Z21S>¢751S-"72—
studies need to be done.

One important characterization is the determination of molecular weight. Gel permeation
EH>"—Se"e>S™¢10 UlES—1<Z170Ze1e"1S—SeCEZL1-"eZE72"!
TelW1—e&W1l—9e1"ele'Z1™ ¢ —-7Z51"—1eZe5S'Ce>"07>S—71—77c

9.2. Determination of polymer stability

Another important criterion is to determine the in vitro degradation of the polymer so as to
Z—@7>Z2Z1 201 S ¢ lirSurd dégadatidn istudyZchn be carried out through
I™5>Z ™S5 —el™ ¢ —7>'"ELeZY' EZ®@1IS—e1™eSE ' —ele'Z-1"—1
ods of time, and analyzing their wet and dry weight loss [20].

ES——"—el1Z7¢ZEe> " —1-—"E>"e>S™M' @1 e10S-—™eZ1 771 1«
0 Ule" 1 «eZ>YZ1'Z17>" 00’ " —1E'S>SEeZ>’cee’Ecel o171
1™, 7™MS5S e’ ] el 61570 07’ —1'—-SeZ@le>"—1w2>*SEZ1
used for imaging in scanning electron microscopes.

‘Z1e' Z>72—'Se1®@ES——"—°*1ES+*">'-Z+>¢10 U1'e1S.e™1S:
thermal stability of the polymeric system [21].

9.3. Cytotoxicity issues

el e'Z1 ™M e¢—751<Z2' —el " ™o’ _"£7¢1 0181 —7 1™ e¢-2751+'7
IECe e " |"E ' o¢1 01l Z1t—e'Z ' £Z¢1 ™ e¢—-7>1"172YSe2S71
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polymers, as well as drugs. Cell-based assays are the most widely used methods for assessir
EZeele  |"E’e¢17Z ZEe01 ele’ Z>5Z—e1™ e¢—-7Z>01 51572001 —

9.4. Preparation of drug-loaded polymeric system

] e—1'CesSe’ T — 17 el ES—1<Z1"—Z17ele'Z1-Z" "eele">51
™ e¢—-Z>'EloeteeZ-il —1Z2ijS-™e¢Z1'®1<ClZ®'—e1S1l0o ez
OWVI1-e01S—el1—"jZe¢1 ’e'1S1@ e7e’ " —1el[1—08&—0o1—-"0eZeles7e
15 minutes at room temperature, the solvent needs to be evaporated by rotary evaporator
‘Z11™M>7ZE ™ eSS _el'@le'Z—1-"jZ¢1 '¢'1XV1—ele'oee’eeZel S
\WWVV1>™M_1e"51WV1-"—7¢Z@il ‘'Z1@2Z™Z>—SeS—el'le'Z—1
characteristics of the drug in the polymer.
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with 3 ml water, and the concentration of the drug is determined by high performance liq -
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9.6. Determination of polydispersity
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=M, M 11

where M is the weight average molecular weight and M _ is the number average molecular
weight.
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oZ07>—"—71¢'7100'£Z2Z17¢1—S—"™Se'"EeZil 1'celzoeZele >1e,
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correlation spectroscopy, is one of the most widely used methods for the determination of
®'EZBL @ EZLe ®e>'<2e'"—81S—e1£7¢S1 ™7 —e’Sel” 6] S
radiation of a light beam into a particulate system with Brownian motion.

9.8. Determination of the thermal characteristic of the delivery system
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1eZE'—'SZ2Z1’'>ZE**¢C1SeceZrer’Zele'Z12™eS"Z17¢1°'ZS1Z—
in order to specify any connection among temperature and physical properties of samples.
Calorimetry is a suitable thermal analysis technique for qualifying the purity, the melting
point, and the polymorphic forms of samples [21].

9.9.In vitro drug release study

Drug release from the polymeric system shall be studied to prove good delivery as stipulated.
Commonly, the in vitro dissolution of the drug from the formulation is done following the
available compendium method where standard dissolution apparatus are recommended.
Other methods include using dialysis method where the formulation prepared is placed in
e'Z1e'Set¢@’ ®1cSeil ‘Z1+’Sete'1lcSee1S>Z21«'Z—1™«SEZ:
YU 1S—¢15>"¢Se7¢1S¢1°721>8¢71 7«1 WVV1I>™_j1 S—™MeZl 7
and analyzed.

9.10.In vivo animal study

“el'el —Z17e1e'Z1@eSeZ@le 1 ™M>ZEe— ESeloeeZetl ™ —
new type of polymer or material used [ 19pi1 ‘Z1@SeZ+¢1S—e17Z ESECL
e"1<Z17Z@eSce’ @ Zeil Ze"57Z10eS>e’—ele'Zleeze¢81e'21S—"-¢
¢e"1eZelS™ M, "YSele "1 eeSrele'Zleeze¢il "ol ele'Z1leeze 2
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especially the absorption and distribution.
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formulation, a researcher may in his or her study use opticalin vivo imaging technique
for monitoring the distribution of the drug in question the proposed delivery system in
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rescence microscopy, the objects of imaging are cells, slides, or culture dishes, while th
whole body of small animals is pictured with optical in vivo imaging system. However,
in vivo imaging is technically a more challenging process, as the animal tissues are opaqu
">&S—ele ' E"OLe' 2527572081 2¢1Sc@T><1ES4Z5@1™ TeT —
725>0'72>-"5>281"%1"®1Z@EZ—+'Sele”1S™MM¢]S—1S™™,~™™,
ically stable distribution and preferential accumulation at the intended target site. Loading
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to follow medicine distribution with optical invivol’ —Se’—elleCaeZ—-11 '+'";
E~"—“20Se7¢1S—e' "' Zil ZS>,1'"—>S>7Z¢17Z{E +SceZ1 27>74
®ZZ1™Z—7+5Se’"—1S—ele” 1e'®@e2Z21S72" 2°>2EZ—EZi
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spleen, and the liver.
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9.11. The human bioavailability study
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from bioequivalence, which is used to evaluate the predictable in vivo biological equivalence
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if they are pharmaceutically equivalent and their bioavailabilities after administration in the
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to build a plasma blood concentration time curve to prove the release of the drug from the
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metabolism, distribution, and elimination. Bioavailability is proven through the area under the
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delivery systems compared to the conventional ones need to be done so as to be assured th
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10. Concluding statements

Drug delivery system represents a vast, vital area of research and development of new analge
B EL™>"e7Eeil e1’®1I™Zse’—7—01¢">1S5—SeeZ@ E1Se1™S’-
SEe'"—81™> e —e1SE""—081S—e157Z¢7E&Z1SYZ>00Z1" 51’21
7@ —+1SeYS—EZ1le>2+1>72+72S®Z1leteeZ-1"01+'Z1S—0 Z>1-
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and development of various advance new delivery system such as polymeric delivery system,
sustain release system, transdermal delivery system, and liposome.
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