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Abstract

A simple, sensitive and selective spectrofluorometric method has been developed for the
determination of enoxaparin sodium in bulk and dosage forms (injection). The method was based on
the quantitative quenching effect of enoxaparin on the native fluorescence of acriflavine due to the
formation of nonfluorescent supramolecular ion association complex between the studied drug and
acriflavine dye in aqueous solution. The decrease of acriflavine fluorescence was observed at 506 nm
after excitation at 402 nm. The relationship between quenching fluorescence intensity and
concentration of enoxaparin sodium was linear in the range 0.05-20 pg/ml and with correlation
coefficient 0.9990 and with LOD and LOQ 0.011 and 0.035 pg/ml respectively. The average recovery
was 100.51% and RSD is less than 3.23%. The stoichiometry of enoxaparin to acriflavine was
calculated a 1:4. The method was applied successfully to the determination of enoxaparin as injection
formulation and the results were in a good agreement with certified value and standard addition
procedure.
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pH of solution added*

1

10
With out
*1.0 ml buffer added
**AF=F°-F

F° : Intensity of (1.7 pg/ml) dye

1 Jsaall 8 Al

aaril) ga dodaalal) Alal 80 110 g

F° Aem F Aem AF* pH final
916 506 405 505 511 1.03
956 508 467 509 489 2.06
953 507 474 506 479 3.18
964 508 476 508 488 4.34
957 506 528 506 429 4.83
921 509 550 508 371 5.92
895 502 526 506 369 7.12
847 506 486 504 361 8.61
812 509 492 508 320 9.34
776 508 448 508 318 9.81
965 506 341 506 624 4.1

F : Intensity of (1.7 pg/ml) dye + (18 pg/ml) enoxaparin sodium
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O SY) ddua Aol Jo W) (a) (B Blad) daja 50 12 Jsas

Temp AF/ min standing time
() 5 10 20 30 40 50 60 120 Over night
5 318 318 320 320 317 317 318 312 —
R.T* 625 625 624 624 625 623 623 623 619
35 598 598 597 596 596 596 593 593 —
45 553 558 558 557 558 558 556 556 —
55 493 494 493 490 490 489 489 488 -
*RT=23+2 °C

Ladaos el agall Ll

o ille 1.0 Zilialy lldg AF sy i SV A m lin 50 e Wil (sae ol Aalyal) sda e Cang) (ol
LdLully (CTAB 5 CPC) dunsall Lnda s alladl) slgall o) 3 Jpaad) milis (ho (o 28 L alyii) e SIS Lada o Alladll 25l
daadl) 13 Hsal) (S5all ae (INteraction) cilas cisams Lol I el 35m5 AF i e € ol 536 L (SDS)
i —my Sloadl @Sl i sV el e (585 pre () (535 Las AilS) Aa ) e 5l Al Al )
05 O b Lmbing AF a8 (580 Naie Aaaall ol 508 8 Lsale (aless) GiaaY il [20,19] udla SY)
A3aally %29.62 5 14.97 o congli sty Wgiad 3 paledN] IS 3 8l AF e Allaiall Ladass Alledll gl s
D latl 8 Ladas Alledll slgal) el ailes 628 daidl as

asga (bS] juals ‘.,ﬁ Ladas Alladl) dgall 50 130 gaad)

Enoxaparin sodium

Surfactant*

Aex(nm) Aem(nm) F° F AF

SDS 0.1% 403 510 980 973 7
CTAB 0.1% 403 505 971 960.7 10.3
CPC 0.1% 407 514 948 943.9 41
Tween 80 0.1% 402 503 935 401 534
Tween 20 0.1% 402 503 941 499 442
Starch 402 507 960 501 459
With out 402 506 968 340 628

* 1.0 ml of surfactant
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bl SY) sl Bad b cilulal) 86

ALl ellyg AF dady cpfDli)SV) dana ol 55 b ddihidae Al clude il Al s

3250 psadr—ea ol Ko e sillfahe )l 18 (D aa e OIS i e alle 1.0
bl el o 4 Jganll 8 Al i) puds 3 Akl s I kel elally Caiailly Aavall o sille/ahe s Sile 1.7
G (Sled)) daall olas 533 Glaiy U (535 cadal) dukad 53l oY AF Jded o) ae) 3) e liall Lalia Uy aay

p K )Y A 1) O A o p 3 A Ml A 2 it | ‘1'} ) A

Oaa haall bl 3 layolis 5ai Jasng ey [21] oyl dalag sucY) degana oo (Intramolecular charge transfer)
DB ek cpn (B Al Gl e duahie g Kl o€ ALl die s aled] digas oo Sad il lea s
Boall sl 5as 8 dlle 53b) Joand AF dad o (Jsitisall Jial) dinee o) ol e Gkl JBY) el oL
AF e (68 Akl aa I cludalls caidnll vie Sleal) Gl m)la Lyl 05Ks Jloall aiall 2gmsy o) Laaas]

AJ<a) A8 laball 6 Gludd) Gl 4oy, Sl (585 axe Al @luiall e sille 1.0 3Ll xie 23kl

clulal) il 140 gaadl

Solvent* Dielectric constant Aex(nm) Aem(nm) AF
Ethanol 24.55 402 495 26
Methanol 32.70 405 500 45
DMF 36.71 404 502 49
Acetonitrile 37.50 406 502 83
DMSO 46.70 408 500 86
Water 80.10 402 506 623

* 1.0 ml of solvent added
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Conc. of enoxaparin sodium [pg/ml)

a5 (oS3 3l Auilil) cbiniall Ailany) clalleall Aldail) adl) 15 Jgan

Parameters Enoxaparin sodium

Linearity (ug/ml) 0.05-20
Intercept 172.84

Slope 24.789
Correlation coefficient 0.999
Standard deviation of the intercept 3.094
Standard deviation of the slope 0.258
LOD* (ug/ml) 0.011
LOQ* (ug/ml) 0.037

* Average of ten determinations of Ciow Of drug

1.@.55\333 :\.5:1#\ PEY)

(e agdgea (bluaSedl dahide 5805 Al wlidll Calailly & la el o Gladal 2 Lgadlgig 4okl 485 4d el
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asiga Gl o) kil Lgblgig A phl) 283 16 Jgand)

Amount taken @ Average = 6
Drug (ug/ml) Recovery(%o) recovery(%) RSD* (%)
0.4 102.46 0.77
1 97.46 1.46
4 103.03 3.23
Enoxaparin 100.51
Sodium
8 99.42 2.46
13 101.52 1.09
19 99.18 2.37

*Average of six determinations
OsSiall (o) panill dina Aok duil
Gesly (i SY) A amg asadgam (LS (o (055l 5 qranill Shnal LS5l Al gal) ] Ay
il (g 50 TL0XL S5 Oy inne Arpaally Jlsall Spall Jolan (o Ol it et 53], Jaall Lt disyla
Larall Jslae (o (ille 4.0) bt aas 28caly J¥) smn inasili 402 581 dase ok jisegili 506 xie jslinll 5o
L5 S5l e (ke 1.5-0.1) 53l5ie agan

L_.‘sj\ﬁj\ &_IS‘).«J\ (e (Jﬂh 40) cul pa sz‘ (‘):\MA 15'01) Lo all djﬁM (e BAlia Ay ) a L_g"mb
(s S £ LS5y ) 411 siall Al Lol o S I V) i) e e i (6) UKD (n 85

70 7 450 -
60 4 4 400
350
50 -
300
w 40 L 250
< S L0 y=14175x+208.14
30 - i R? =0.9939
150 -
20 4 ¥ = 35.474x+ 7.5073
R® =0.9946 100 +
10 - 50
o 0 . . . .
0 05 1 15 2 0 05 1 15 2
Vol. of enoxaparin sodium Vol. ofacriflavine
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cdalaal il
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pe 7 Jsaal) g Al cast ) il (o 0 25 - aspas—a blasil) e ille 10/t 9 Sl 180 ) Lol slsal

Ol 8 Al okt AnlSa) ey Jang dgeal) Cilinally Bl b sanlsiall ciliiall diaad of (Sar JalN Eigaa
ST

psisa GULLUS Y] il A cdlalaiall 8 17 Jgaad

Recovery (%) of 180 pg enoxaparin per pg of foreign compound added
Foreign compound
100 250 500
Glucose 101.30 101.71 102.37
Fructose 98.57 101.30 102.70
Lactose 99.07 99.48 100.19
Sucrose l 100.97 [ 101.24 l| 101.89
Glysine 96.57 98.84 100.06
Cystine 99.61 101.41 102.23
Cysteine 101.61 102.16 102.54
Albumin | 101.17 \ 102.67 \ 104.60
L-glutamic acid 100.82 101.46 101.93
L-glutamin 101.72 102.31 102.71
L-theronine 98.78 99.64 100.07
Pepsin 102.18 102.63 103.03
Dopamine 97.41 99.17 99.83
Adrenaline 103.69 104.29 104.72
NaCl 102.17 104.03 104.84
KClI 101.18 102.63 103.74
MgSO4 100.04 100.79 102.10
ZnS04.6H.0 97.37 98.22 99.59
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Ldlgal Gial) Ao agudga GubluSeil) i 8 5 shall Alyhl) ks

Cigyg At ¢ dlie Gag AV anall diljiasicn o duhall a8 Jleall (Sl 5ol ds paal) dagplall 420yl sy 5
) panionn b (Sloall CSHall Jual (goinal) pe v sa e Lgalinls da el A yall ddlad) 454 LDl g 8 Joaal) 8 bl

AoV aall
Ladlgal) ial) (A agaagua CubluSsil) a8 Jgand)
Pharmaceutical Certified AT Drug content Average
. taken Recovery* (%)
preparation value (mg) (ug/ml) found (mg) recovery (%)
1 40.81 102.03
4 39.40 98.50
Clexane 4000anti-Xa

1U/0.4ml 40 8 39.55 98.88 100.18

14 40.37 100.93

18 40.22 100.55

1 59.91 99.85

4 62.85 104.75

Enox 6000 anti-Xa

1U/0.6ml 60 8 59.85 99.75 100.99

14 60.72 101.20

18 59.63 99.38

*Average of four determinations
Auldl) A3 ddiyh pe 43sleall
& 8sSal) Al dishall ililliiag Bgal i aaed 5 liliaall (e lagla e STl da aal) Ay shal) 501 LEY

Il 3l (paa A siaall 8yshaall oyl e s IS A Al dl) 8LY) Ayl o 9dsaadly 7USAN 3 Aaiagal)
caye IS Al @b daphall ¢ e Ju les (%52) Uaall
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350 - 350 -
B
A
= 24086+ + 198,95 300 - ¥=24629%+1951 300 -
v = 24.086x : :
R?=0.9997 R? =0.9966
250 250 -
w 200
< v = 24.429x+97.095 5 y=24057x+98524
 R*z09993 R =0.9987
&4 ppm W4 ppm
® 3 ppm H 3 ppm
T T T T T T T T T T 1 &
9 % 7 6 -5 4 -3 2 1 0 1 2 3 4 5 /| 2% &7 654332101 2 3 4 56
Conc. of enoxaparin sodium (ug/ml) Conc. of enoxaparin sodium (pg/ml)

Laiall i — LS A pgaagea GubluS i) ol Lwlidl) 28Uy ciliata 17 (<&
Lasall 55 — Sl :B

A l) ABLy) Al ga Llgall (n) B asaged (o leaSsiy) sl Asjiial) Ayl 4lka 19 Jganl)

Drug content found (mg)

Pharmaceutical Certified value | Amount taken
preparation (mg) (ng/mil) Present Standard addition
method* procedure
Clexane 4000anti-Xa 4 39.40 39.75
1U/0.4ml France 40
’ 8 39.55 41.30
Enox 6000 anti-Xa 60 4 6285 6143
1U/0.6ml Turkey 3 59.85 59.41
*Average of four determinations
Glaliiiuy)

Tl Siae 4SS DA e amigea GULLSEY) ol 4l daluay Lo Bdlie e Lgls Akl oyl
=S ladl I g slly Aapadl Bl dayng Slal) Jglaall b dyslin daa dieagy 0N SY) e Linsall W sY)
By oy Gugnd) Gl A all i) o &kl Guls @y padanal) ) dslall (pas draall sl
AalSal Jang Lea J3IS5 Opanp Autlpal) Gaall JeaY) (sgimally Ll ALy danyh pa Lilaa) daie iy coun G853
gl Jloadl b (LS ) il Aad ) LS b ks yhal) Jlewid
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