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Quahty control for pharmaceutlcal formulatlons during hajj

‘sezon (1425 H) contalmng certam cephalosporms

Abstract 7 o k ‘

To evaluate the quahty of pharmaceutrcal formulatrons containing
certain cephalosporms durrng ha_]J sezon (1425 H) a simple and
reproducible spectrophotometerrc method for the assay of cefotaxime
sodium, cefuroxrme sod1um and ceftrraxone d1sod1um with methyl red
and rose bengal reagents has been developed The procedure is based
on ion pa1r complex formatlon in buffer medrum of pH 5.6 and 9.00 ,
respectlvely Beer s law 1s obeyed in the range 2 O 68 pg ml™ at Apax
521 and 566 nm usrng methyl red and rose Bengal respectlvely For
more accurate analys1s ngbom optlmum concentratlon range is
found to be l 8 65 ug ml1 The molar absorptlvrty and Sandell
sensitivity were calculated er rephcate ‘analysis of solutions
containing seven d1fferent concentrat1ons of the exammed drugs were
carried out and gave a mean correlatron coefﬁcrent 0.9988; the
factors of the regress1on llne equat1on for the three cephalosporins
were calculated The proposed method was apphed to the
determrnatron of the exammed drugs in pharmaceutlcal formulations
and the results demonstrated that the method is equally accurate,

precise and reproduc1ble as the ofﬁcral methods

1. Introductlon ’

Cefotaxrme sodlum cefuroxrme sodlum ‘and ceftriaxone

d1sod1um are some of the th1rd-generatron cephalosporrn antibiotics




k!

characterlzed by a broad antlbacterlal spectrum and a resistance to
beta—lactamase-producmg orgamsms In addltlon to its antimicrobial
activity [1], cephalosporms are dlstrlbuted wrdely into tissues and
body fluids, 1nclud1ng pleural per1card1a1 and synov1a1 fluids.
However, whﬂe the earher cephalosporms falled to penetrate the
central nervous system and Were unsuccessful 1n the treatment of
meningitis, - the th1rd generatlon cephalosporms entet the central
nervous system and reach therapeutlc concentratlons there,
sufficiently for treatment of menmgltrs caused by aerobic gram-
negative bacterla [2] These charactenstws are of con31derab1e clinical
and hence analytlcal 1nterest {3] :

Durmg haj_] sezon many humans take dlfferent antibiotics with
variable dose Therefore we armed to evaluate the quality of the
pharrnaceutlcal formulatrons used in thls sezon by developing a
simple colorlmetrlc assay 1n the ﬁeld and comparmg the obtained
results with the offi01a1 methods 1Ised for that purposes
Several analy‘tlcal procedures are avallable m the literature for the
analysis of cephalosporms viz ‘ spectrophotometrlc [4-101],
polarographlc [11] str1pp1ng voitammetrlc [11 13] fluorimetric
[14,15] and hlgh performance 11qu1d chromatographlc [16-18]
methods. k ;

The alm of thlS work was to develop a simple and reproducible
colorimetric procedure for the determmatlon of cefotaxime sodium,
cefuroxime sod1um and ceftrraxone dlsodrum 1n a01d1c medium by ion

pair chemlcai reactlon W1th rnethyl red and rose ‘Bengal as counter

ions.
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2. Experlmental f o

2.1. Material and reagents ;

All chemlcals and reagents used were e of analyt1ca1 grade and all
solutions were prepared in double dlstrlled water.

A freshly prepared 5x10 M aqueous solutron of methyl red and
rose Bengal was prepared by dlssolvmg approprlate welght in warm
water. Buffer solutlon [19] a mlxture of 250 ml of O 2 M potassium
hydrogen phthalate and drfferent Volume of 0 1 M HCl was diluted to
one liter with water to produce dlfferent pH values.

Cefotaxime sodlum (I) was obtarned from Hoechst Orlents Egypt,
Cairo, under the hcense frorn Hoechst AG Frankﬁlrt/Marn Germany,
whereas cefurox1me sodlum (II) Was obtalned from Glaxo Wellcome,
Egypt, S.AE., Calro under the hcense from Glaxo Welleome group
Ltd., England Ceftrlaxone d1sod1um (IH) was obtalned from the
Egyptian’ Internatlonal Pharmaceutrcal Industrles Company (EIPICO)
under the hcense from Roehe (Swrtzerland) Stock solutions were
prepared by accurately Welghrng 100 mg of the examrned drug into a
100 ml cahbrated ﬂask drssolved in warm water and kept in the dark
to avoid any degradatlon of the drugs |

The followmg commerc:lal formulatlons were subjected to the
analytical procedure claforan Vlals (Hoechst Orient Egypt, Cairo)
containing - 524 mg cefotaxune sodrum equ1va1ent to 500 mg
cefotaxrme per V1a1 Claforan Vlals (Laboratorlres Roussel 97, rue-de
Vaugrrrared- Parls) contammg 524 mg cefotaxune sodium equivalent
to 500 mg cefotax1me per V1a1 and 1048 mg cefotax1me sodium

equrvalent to 1000 mg cefotax1me per Vlal Prrmocef (Julphar Gulf



Pharmaceutrcal Industnes Ras Al Khalmah U A E ) Containing 250,
500, 1000 and 2000 mg cefotax1me sodlum per vial, zinnat vials
(Glaxo Wellcome Egypt) contammg 263 mg, equlvalent to 250 mg
cefuroxime and rocephen v1als (EIPICO Egypt) containing
ceftriaxone dlsodrum equlvalent to 1.0 g ceftrraxone per vial,
rocephen vials (Roche F. Hoffmann-La—Roche Ltd Basel) containing
ceftriaxone dlsodlum equlvalent to 500, and 1000 mg ceftriaxone per

vial were used.

2.2. Instrumentdtioﬁ o

Spectral and absorbance measurements were made ‘with Perkin-
Elmer Lambda 5B spectrophotometer uv/ Vis wrth 10-mm quartz
cells (New York USA) The pH of solutlons was checked using an
Orion Research Model 601A/ d1g1tal 1on1yser (N ew York USA).

2.3. General Procedure

Pipette a 1 5 ml ahquot of the exammed drug solution
(concentratlon range as mdrca‘ted in Table 1) 1n a 10 ml calibrated
flask. Add 3 0 ml of buffer solutron of pH 5.6 and 9.0 using methyl
red and rose bengal respectlvely, 1.0 ml of 5x 10 M reagent solution
(freshly prepared) and 2 O ml of ethanol Allow the mixture to stand at
50 + 2 °C for 5 0 mm and then d11ute to Volume wrth water. Measure
the absorbance at 520 and 566 nm us1ng methyl red and rose bengal,
respectively, agalnst a reagent blank prepared in a similar manner.
The examined drug ooncentratlon was read from a standard
calibration curve prepared w1th the same manner under identical

condmons Wlthout the examlned drug



2.4. Procedure for vzals Ui

The contents of each v1al was transferred into separate 500-ml
calibrated flask and made up to Volume W1th water Suitable aliquots
of the standard drug solutlons were mixed W1th 0 5 ml of the solution
prepared above in 50 ml cal1brated flask and dlluted to the mark with
water. The assay was completed as descrlbed above under general
procedure. The recovery of the drug was computed from the

corresponding regress1on equat1on

2.5. Stozchzometrzc relatzonsth |

Job’s method of contmuous variation was employed a5x10° M
standard solution of drug (cefotax1me sodlum cefuroxime sodium and
cefiriaxone dlsodlum and 5 X 10 M solutlon of reagent (methyl red and
rose bengal) were used A serles of solut1on were prepared in which the
total volume of drug and reagent was kept at 2. 0 ml ‘The reagents were
mixed in Varlous proportlons and diluted to volume in a 10 ml calibrated
flask with the approprlate solvent followmg the above mentioned

procedures.

3. Results and discussion j :

Prellmrnary 1nvest1gat1ons revealed that cefotaxime sodium,
cefuroxime sod1um and ceftr1axone d1sod1um react with each of
reagents methyl red and rose Bengal to yleld soluble ion pair
complexes exh1b1t1ng absorptlon maximal at 521, and 566 nm using
methyl red and rose Bengal respectlvely Under the experimental

conditions, the correspondmg reagent blank showed a negligible




absorbance. Investlgatrons were carrled out to estabhsh the most
favourable cond1t1ons for 1on-pa1r complexatlon reaction of reagents
(methyl red and rose Bengal) W1th the stud1ed drugs to achieve
maximum colour development in thelr determlnatlon The influence of

some varlables on the react1on has been tested as follows

3.1. Effect of pH k’ it

In order to e’stabhsh the opt1mum buffer medla different buffers
were examrned as acetate borate thxel phosphate ‘and universal
buffers. It was notrced that the max1mum ‘colour intensity and constant
absorbance - were found usmg phosphate buffer solutions of pH 2.0 -
12.50. Hrghly and constant absorbances were obtained over the pH
range 5.10- 6. 20 and 8. 60 9 50 us1ng methyl red and rose Bengal,
respectively, as represented 1n Frgs (1,2). Moreover the volume of the
optimum pH value was examrned and found to be 3.0 ml in the total

volume of 10 ml

3.2. Effect of reagent concentratzon
The 1nﬂuence of reagents (methyl red and rose Bengal)
concentration on the absorbance of the 1on-pa1r is investigated. Net
absorbance mcreases with reagent concentratlon and the optimum
values are obtalned for the concentratlons between 5.0x 10" and 4.0 x
10% M, respectwely An 1ncrease in reagent concentration causes a
decrease in absorbance because of an 1ncrease in the absorbance of the
blank. Hence 5, O X 10 M in the ﬁnal assay 'solution was selected for
the general procedure smce the results are hlghly concordant at this

level of concentration (Flgs 3, 4)



3.3. Effect of time and tempemture ‘

Sample solutlons contalmng drug and the blank were treated
identically W1th the reagent and buffer w1th1n d1fferent time and
temperature. The results obtamed 1nd1cated that 1on-pa1rs were formed
after 5.0 min of startmg the react1on at room temperature (25 £ 1°C).
The absorpt1on spectra were not altered on Varylng temperature upto
60 °C, after Wthh the absorbance decay with 20 % for each 5 °C
raising. The absorbance remamed stable at room temperature for at

least 18 h, after wh1ch it began to fade slowly. :

34. Composztzon of the complex i

The storchlometry of the complexes formed between cefotaxime
sodium, cefurox1me sod1um and ceftrlaxone ‘disodium, with reagents
(methyl red and rose Bengal) was 1nvest1gated at the optimum pH
value applying the molar ratro and contmuous varrat1on methods. The
results 1ndlcated the formatlon of 1 l 1on-pa1r complexes. The
logarrthmlc stab111ty constants was calculated and recorded in Table 1.
The presence of the 1on pa1r complexes may be supported by the
bathochrormc shlft observed from 485 nm for methyl orange reagent
to 521, 520 and 522 nm for cefotax1me sod1um cefuroxime sodium
and ceftriaxone drsod1um usrng rose bengal reagent, a bathochromic
shift from 522 nm to 566 567 and 565 nm respectlvely, for the above

mentroned drug

3.5. Analytzcal features |
Regress1on plots showed that there was a linear dependence of

absorbance on concentrat1on over the Beer s law ranges. The optimum




conditions were those used in the procedure The molar absorptivity,
Sandell sens1t1v1ty, slope 1ntercept correlat1on coefficient, detection
and quantrﬁcatmn hrmts were obtalned by a l1near least-squares
treatment of the results for 1on pa1rs in solut1on For more accurate
analysis, R1ngbom optrmum concentratlon ranges were  calculated
(Table 1). ‘

The reproduc1b111ty of the proposed procedure was determined

by analyzing ten rephcate samples of each drug (40 pg ml™). The
relative standard dev1atlons and ranges of error obtamed are given in
Table 1. - ¢ ’
The performance of the proposed procedure was - assessed by
calculation of the t- (for accuracy) and F- (for precrsmn) values
compared w1th the ofﬁc1al methods [20] Mean values were obtained in
a Student’s t- and F- tests and 95% conﬁdence {imits for five degrees
of freedom {21] and the results showed that the calculated t- and F-
values did not exceed the theoretrcal values (Table 1.

In order to determlne the accuracy and precmon of the proposed
procedure, solutlons contalnmg four- d1fferent concentratlons of the
examined drugs were prepared and analysed in quantuplicate. The
measured standard deV1at10n relat1Ve standard deviation (S;), the
standard analyt1cal error and conﬁdence hrmt value (Table 2) can be
considered satrsfactory, at least for the levels of concentrations
examined. S

The standard dev1atron of the absorbance measurements was
obtained from a ser1es of 13 blank solut1ons The detection (k=3) and
quantltatlon (k—lO) l1m1ts of the method were establrshed according to
the IUPAC deﬁnrtlons (CI—KSOis) where C1 is the detect1on limit, Sy



is the standard error of blank determmatron s is the slope of the
standard curve and K is the constant related to the conﬁdence interval
[22]. The calculated values for detect1on and quantrtat1on limits were
recorded in Table (l) | P

Comparrson of the recovery obtalned W1th the proposed method
with the purlty of the examlned drugs as determlned according to the
official method {20] showed that a hrgh accuracy of the present
method. The proposed method 1s srmpler rap1d and more sensitive
than the official method [20] MoreOVer the proposed method could
be used for the routlne determmatmn of drug cefotaxime sodium,
cefuroxime sod1urn and ceftrlaxone drsodlum in pure form or in

pharmaceutical formulatronsr

3.6. Interference studzes |

The effects of common exc1p1ents that often accompany the
studied drugs 1n VaI'IOU.S pharmaceut1cal dosage forms were tested for
possible 1nterference 1n the assay An attractlve feature of the
procedure i is its relatlve freedom from 1nterference by the usual tablet
diluents and excrplents such as talc sucrose starch gelatm lactose and
magnesium stearate Amounts far 1n excess of their normal occurrences
in dosage forms were added and no effect due to these excipients was
noted in the eXperlrnental procedure Analyzrng synthetic mixtures of
the drugs (mg) contalmng the follovvmg amounts of excipients (mg)
also checked the apphcabrlrty of the method
1. cefotaxrme sodrum cefuroxnne sodrum and ceftriaxone disodium
(20), talc (60) sucrose (40) starch (50) gelatrn (50), lactose (30) and

magnesium stearate (60)



2. cefotaxrme sodlum cefuroxrme sodlum and ceftrlaxone disodium
(20), talc (60), sucrose (30) starch (40), gelatm (50) Jactose (30) and
magnesium stearate (50)
3. cefotax1me sodlum ceﬁJroxrme sodrum and ceftriaxone disodium
(20), talc (40), sucrose (35) starch (60) gelatm (50) lactose (35) and
magnesium stearate (60) |

A Surtable amount of each synthetlc mixture was analyzed by
following the general procedure descrlbed earher The percentage
recovery was found to be in the range of 98.9 — 100.8 with RSD
values > 1.25 for ﬁve rephcates Moreover there is no interference
from the decarboxylated degradant resuits from thermal and

hydrolytic treatment.

3.7. Analytzcal applzcatzons i

The proposed procedure was further apphed to the analysis of
certain dosage forms durlng haJJ sezon (1425 H) containing
cefotaxime sodlum cefurox1me sodrum and ceftrraxone disodium
under consrderatlon The results m Table 3 are in accordance with
those obtained by the ofﬁ01a1 methods [20]

Statistical ana1y51s {2122] of the results using Student t- test
and the variance ratlo F- test showed no significant difference
between the performance of the proposed and official methods as

regards to accuracy and precmon,

10



4. Conclusion Sl : |

The proposed procedure 1s falrly 51mp1e less time-
consuming and more sensmve than the official methods [21]. The
principal advantage of the proposed procedure 1s sultable for the
determination of the studred drugs 1n thelr dosage forms without
interference from excrplents ‘and addrtrves or from common
degradatlon products suggestmg apphca’uon in bulk drug analysis.
Statistical comparrson for the results of the proposed procedure with
the official methods mdlcates that there 1s no srgmﬁcant difference
with regard to accuracy and prec1s1on Applyrng the proposed
methods on dosage forms used durmg ha_]J sezon (1425 H), indicated
that some of dosage forms lose 1ts actrvrty for different reasons by 3.0

to 10% and the losmg is proport10na1 wrth data of productron
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Table 1: Quantitative parameters for the proposed procedure

Parameter Methyl red Rose bengalCongo red
| 11 111 1 11 111
pH 5.6 5.5 5.6 9.00 9.00 9.00
Amax 521 520 522 566 567 565
Beer’s conc. range /pug ml’! 2.0-640 2.0-68.0 2.0-59.0 2.0-62.0 2.0-60.0 2.0-65.0
W_smcoa cong. Ezmm\ g ml”! 13.5-60.0 4.0-65.0 4.08—-  3.0-57.0 4. o..mm o 3.0-61.4
ey Uoﬁoosos :B: \tm z:_ 034 045 037 034 : ,o wm ‘ .m_,o.,mm
~ Quantification limit /g Et 198 208 202 @ 197 205 190
~ Molar m_umosucsal HEQ cm’! 8.32x10* 5.3x10* - 2.97x10° 3.21x10% 2.83x10*  3.29x10*
- Sandell sensitivity / ng nE 417 6.67 1026 1081 1250 930 -
- Stoichiometric ratio - , 1:1 1:1 L1 1 1 1
Stability constant 569 589 550 9.06 864 965
- Stability /h CUART s R g s e 8. 18
i Womnmmmﬂo: nncw:os MR e e s e
~ Slope. v 014 009 008 011
i ,,588@2 10037 . 0.067 - -0.025  -0.030
N _H_Oo:o_mros noommoa_: 3 oo wwom e ; 10.9994 1 0.9998  0.9996
 RSD % of slope - L - 345x10% 6.13x10% 5.27x10° - 7.32x10* 5, Xﬁi 8. %ic-f
_wwmcxo:aoa%ﬁ 1.67x10* 2.98x10* N%ﬁo.h 3.45x107 .M&ii 4, Bx:n;
~ Range omgoﬁ : 1200 115 145 100 135 - 1.50 :
RSD % - 0.91 # 078 0.85 1.15 , ,_rcq 0.98
Student t- value (2. md 0.35 0.71 075 - 0.76 035 - 0.56
Variance ratio F-test (5.05)° 1.72 4.07 N.@N 1.02 3.20 1.49

2 > a+bC, where C is the concentration in ug ml?
® Values in parentheses are the theoretical values for t- and F- values at 95%
confidence limits and five degrees of freedom.
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Table 2: Evaluation of accuracy and "pfécgié}icn: of ',thé“pi*oposed

method com

h

at of the official one [20].

Drug
pgmi’

Taken =

pared with ¢

it

- Off. - Prop :

SD

- Found /ug
(R)

‘m

SAE

Conﬁdence

~ Limits

| 2.5
5.0
7.5
10.0
12.5
15.0

175

11 3.0
6.0
9.0
12.0 -
15.0
18.0
20.0
4.0
8.0
12.0
16.0
20.0
24.0
28.0
Mean i

I

1525
2950
6.10

11.80
©14.80
1820
2030

410

7.85

15.80
19.75
2370 -
2835 2785

255 252

490  5.05

765 745

10220
1270

-9.90

915

12.15
15.90

12.40
15.15
:,l 77.60 :

303

595

8.90

12.10
1510

17.85

19.85

4.03

805

11.90

20.15
2420

0.04

2007
0.08
0.10
0.11 -
0.05
10.03
- 0.08
- 0.06
0.09
0.07

0.12
10.03°

007
005
0.08

0.06

- 0.09
- 0.04

- 0.58

1:10

-0.76 -

019

099

131
- 140
0.64

041
096
075

- 0.029
-0.037

0020

£ 0.033
10.042

. 0.046

0,020

115 ¢
0029
0.140

097

- 0.83

1.07

075

145

059

076

0.012
- 0.033
-0.024

0.037

0012
- 0.027

064
098

0.20
0.033

0.024

0037

0.016

. 0.024

505 %
- 745 %
9.90 £ 0.060
1240 £ 0.095

2.52 % 0.050
0.080
0.110

15.15+ 0.120
17.60 £ 0.135
3.03 * 0.060

595 £ 0.035
890 * 0.095

12.10 £ 0.020
15.10+ 0.110

- 17.85+ 0.080

19.85+ 0.145
4.03 £ 0.035
8.05 £ 0.080

©11.90 £ 0.060

15.90 + 0.095
20.15 £ 0.070
2420+ 0.110
27.85 = 0.050

* - el i .
Average of six determinations. . -
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Table 3: Determinaﬁ(’)’niaf cefotaxnnesodmm (I),cefuroxune sodium (II)
and ceftriaxone disodium (III) in ‘pharmaceutical preparations
applying the standard addition technique.

Pharmaceutical
Formulation

 Taken ~ Added
©opgml’ opgml?
. Proposed (MR) Proposed (MR
QUi e SD

 Examined drug_

" Found pgml’

) Official + SD

Zinat @50 mgof ) 10
Claforan (500 mg of I) 50

Claforan (500 mg of Iy 7.5

Primocef (500 mgof ) 5.0
Primocef (1000 mgof) 10

Primocef (2000 mgof ) 15

0
RS

e
50

00
30
45

522

0.0
30
50 s

25

- 00
925
375

00t

- 9.85+0.53
19804040
24804053
2970£0.64
- 3460+0.88
- 39.60+£0.58

. 4.84%034
14804041
2470+£037
3470+081
- 4450£093
- 5450+0.66

7254095
. 22.15%0.83
. 37.05+0.67
~51.80£097
©59.10+£1.05

- 480£0.76
12254056
11970+ 0.70
1 2660+048
34.50£0.66

4195%0.75

9704085
19.60 £0.93

29.50+1.01

3040%+1.10
49254090
50.10+0.88

1450+ 1.12

9.80£0.42
19.75+0.38

- 247040.56
2960 +0.65

34.50 £ 0.48

- 39.50 £0.67

. 475+032

1470 £ 0.45
. 24.65+0.57
- 34.65+043
44,50 £0.60
5445 +0.44

7.20£0.67
22.15+0.78
37.00+0.92
51.70 £ 1.08
59.20 £0.94

475+0.58
12.30+£0.46

-19.70 £ 0.68

26.65+0.62

3455+0.43
41.90+0.71

9,65 +0.90

19.65 £ 0.69
29.60 + 1.08
3940+ 1.12

4930+ 0.91

59.15+1.15

1455098

9.90+0.75
19.90 £ 0.99
24.84 £0.81
30.25+1.03
3520+ 1.17
40.25 £ 1.34

4.85+0.64
14.85+0.41
24.65 £0.88
34.90 £ 1.07
4510+ 1.13
54.60+£0.78

7.15+0.54
22.05+0.86
37.00 £ 0.96
51.60 £ 1.11
59.15£0.99

475 +0.47
12.20 £ 0.67
19.65 £ 0.80
26.70 £ 0.87
34.60 £0.92
42.00 + 1.01

9.60 £ 0.97
19.50 £ 0.79
29.40 £ 1.13
39.25+1.05
49.20 £ 0.86
59.00 £ 1.09

14.50 £0.86



15+ :
© 31.80£0.97

s
TS

Rocephen o B0 0.0
(1000 mg of IIT) e T

0
375

(1000 mg of TII) s

05

~1945+055
2690077

124304082
- 41.60+0.68
48854056
56.60£0.74

Lt

22004120
2940+1.07

- 44.1040.89
51s5+122

- 1450£0.66
24451097

. 3440+0.87
- 4425+1.04
44204101
64002120

0 21.95+1.05
©2935+1.14
3175+ 1.11
- 44.15+096
51.50+1.17

19.40+£0.75
- 26.85+0.87
34254096
- 41.65+0.95
48.80 +1.05
- 56.70 % 0.66

14.60 + 0.85
2450+ 0.78

34454098
4430+1.14
- 5425+0.97
- 64.00+1.23

21.90 £0.96
29.30 £1.25
31.75 £ 1.22
44.00 + 1.30
51.40+£1.33

19.25 +1.25
26.75+1.42
34.35+0.97
41.50 £ 1.63
48.75 £ 1.37
56.55+1.71

14.50 £ 1.11
2440+ 1.21
34.30£0.99
4430+ 1.25
54.15+1.20
64.05 £0.87

"Average of six determinations.

17




 Fig:E ffectofpH values onthe
absorbance of ion pairs of Drug I fl,and Il

Absorbance

18




05
74 045

i 3 — 0.4
1035
403
4025 =
402 T
40415

, 1 005

. Abso hance

' Fag 2 Effectoppr onthe absorbance of
'lonpalrs formed usmgrosebengalwuth drug
’ : Hlandlll

e




mladded of5x10 M

Fig 3: Effeciormethylred concentratmn‘ B
(5107 M)on the ion palrcompiex with

drugillandlll :

2 16 '1‘.\2.;, 08 04 s

'Ab sorbance

20




)

2 46 12 08 04 0

E ~ miadded od SX 10T M
Flg4 Effectofrose bengal i
concentratuon on absorbance of

'formed ion palrs w1th drug I lland Hl

i -0;k5 |

Absorbance

2




