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Abstract: Problem statement: This study presents rapid, uncomplicated and teasi
spectrophotometric techniques for the analysis aipgnem in both its pure and pharmaceutical
forms. Approach: The main principle of the approaches and procedilmat have been developed is
the reaction of doripenem as an n-electron donor niohydrin and w-acceptors, such as
tetracyanoethylene, 7,7,8,8-tetracyanoquinodimethag,3,5,6-tetrachloro-1,4-benzoquinone, 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone and chlofesitid. The wavelengths 580, 264, 320, 357, 375
and 465 nm was used for measuring the resultingptmaas for ninhydrin, chlorine, chloranilic acid,
DDQ, TCNQ and TCNE respectiveljResults. The suggested procedures for the determination of
doripenem were successfully put into practice witlod recovery; the percent recovery ranged from
99.31-100.55. Benes-Hildebrand plots were also tsestudy the association constants and the free
energy change€onclusion: The results of the CT method agree with thoséetkinetic method and
there is no significant difference between them.

Key words. Charge transfer, kinetic method, association comstaignificant difference, chloranilic
acid, energy changes, stability studies, aquedusicas

INTRODUCTION meropenem (Horiuchiet al., 2006). A literature
survey reveals the use of only high-performance
Doripenem (S-4661) is a novel carbapenem withiquid chromatography for the determination of
antibacterial activity against a broad range ofsra doripenem. The HPLC method was developed for
positive and Gram-negative bacteria. For exampledoripenem determination in intravenous solutions
against members of the family EnterobacteriaceagPsathat al., 2008), in body fluids (Sutherland and
Homophiles influenza and Mirabella catarrhal ise th Nicolau, 2007) and during stability studies in
MIC90 (MIC: minimum inhibitory concentration) range 2dueous solutions. _ o
from 0.032-0.5ug mL™ (Tsuiji et al., 1998). In all Ultrgwaet spe(;trophotometry .(flrs_t—derlvgnve,
carbapenems, @®-lactic ring is required for their first-derivative of ratio spectra and bivariate lysis)

antibacterial activity (Cielecka-Piontekal., 2011). was used in _the stab|I|ty?|nd|ca.t|ng determinatioh
Two other parenteral carbapenems panipenem arftapenem (Zajaet al., 2006; 200_7’ Hassanal., 2009),
biapenem are licensed in the Far East, wheredd€roPenem (Elragelst al., 2008; Mendezt al., 2003)
faropenem, an oral penem, is available in Japan arf@d doripenem (Piontek and Jelinska, 2010).
India and the first oral carbapenem, tebipenemivede [N general, the charge-transfer complexation can
approval in Japan in 2009 (Hikidat al., 1999). simply depend on the ionisation potential of theato
Doripenem's EU and US indications cover intra-2Nd the electron affinity of the acceptor (Haneeal.,
abdominal infection and complicated urinary tract1998; Mulliken, 1950). The most important featufe o
infection, with clinical trials supporting its usi  thiS non-covalent interaction is that it is thenpary
nosocomial pneumonia currently under review by thefirector of the specificity, rate control and resibiity
US Food and Drug Administration and the EuropearPf many biochemical reactions (Foster, 1969). In
Medicines Evaluation Agency (Livermore, 2009). As addition, st0|ch|0metr_|c reaction of the donor and
with meropenem, ertapenem and biapenem, doripeneffceptors depends primarily on the nature of theodo
has a 18-methyl group, hindering attack by renal and acceptor and, in some cases, on the solvedt use
dehydropeptidase (Moriet al., 1996) and unlike (D_ozalet al., 2000; Algaradawi and Nour, 2004; EI-
imipenem, does not need to be protected with P, 19_85)- , .
dehydropeptidase inhibitor. Doripenem also has a This study suggests that simple and sensitive
weaker protoconvulsive effect than imipenem andSPectrophotometric procedures may be used for the
510



Am. J. Applied Sci., 9 (4): 510-518, 2012

determination of doripenem in pharmaceuticalTable 1: Optimum conditions for the reaction betw@dN andz-
formulations. The methods are based on the reaofion acceptors

the primary amino group of doripenem with ninhydrin Parameters NIN CH ChA DDQ TCNQ TCNE
dr-accentors Time (min) 15 25 2 2 30 20
anam p : Wavelenghth 580 264 320 357 375 465

MATERIALSAND METHODS Approach 2 (with m-acceptors): Doripenemt-

acceptor solutions with different final concentoati
ranges (5-15 mg mL for ChA, 8-10 mg m[* for CH,
-20 mg mL* for TCNE, 1-15 mg m[* for DDQ and
2-25 mg mL* for TCNQ) were prepared by adding 1
mL of ther-acceptors and 10 mL of ACN to volumetric
flasks containing different quantities of drug gwmns

Materials and reagents: All of the reagents and solvents and these solutions remained at room temperatuile wh
used were of analytical reagent grade. In addittes, the reaction occurred. (Table 1 shows the reaction
ionised water was used in all preparations. Dogpefor ~ times). Subsequently ethanol was added up to aghiev
the injections, DORIBAX™ (Janssen-Cilag Internagibn the desired final volume and then absorbance of the
NV), is a white to slightly yellowish off-white site solutions was measured against a blank sample at
crystalline powder. The injection vials containéidD5ng ~ Max values of 580, 264, 320, 357, 375 and 465 nm fo
of doripenem monohydrate on an anhydrous basis, NINinhydrin, chloranil, chloranilic acid, DDQ, TCN(a
CH, CHA, DDQ, TCNQ and TCNE were purchased fromTCNE, respectively. By plotting the absorbance Vs.

Apparatus: All absorption spectra were measured in
the region 700-250 nm using a Shimadzu UV-160
(UV-visible) spectrophotometer with a scanning sbee
of 200 nm min* and a band width of 2.0 nm, equipped
with 10 mm matched quartz cells.

Merck Schuchardt OHG, Darmstadt, Germany. concentration, a calibration curve was obtained.
General procedure: Preparation of sandard solutions for the kinetic
Preparation of standard stock solutions for charge ~ Method: A 1.0 mL aliquot of 0.5 M NaOH and 2 mL of
transfer: 4x10-3 M KMnO4 were mixed and transferred to a 25 m

calibrated flask. The appropriate amount of theyq8440
a K1g) was added and the solution was diluted to dsaet
final volume with double distilled water; the flaakd its
contents were shaken gently at room temperatur@or

Standard stock solutions preparation: A standard
solution of doripenem in ethanol (EtOH) with
concentration of 0.1 mg mt was prepared and stored

n th? dark at a temperature less than 25°C. Std_ndamin. The absorbance was measured directly at 508 nm

solutions of CH, ChA, DDQ and TCNE V‘{'th against a blank. The concentration of the drug thas

concentrations of 2.5 mg mtfor CH and 1.5 mg mL ~ calculated from the corresponding equation for the

for ChA, DDQ and TCNE were prepared freshly in cajibration graph for the fixed time method.

ACN every day. The solution of 1 mg mL-1 TCNQ in

acetonitrile (ACN) was observed to be stable for aPharmaceuticals formulation procedures. For each

minimum of one week at 5°C. A fresh solution of theformulation, approximately 5.0 mg of DORIBAX™

ninhydrin reagent was prepared daily in mthanohwit was weighed. A proper amount of the drug powder

concentration of 1.5 mg mt. corresponding to 10 mg of doripenem was dissolved i
10 mL of ethanol. The procedure was performed as

Approach 1 (with ninhydrin): A 1.5 ml aliquot of the ~ described in the general procedures.

ninhydrin/mthanol reagent and 10 mL of de-ionised

water were added to each test tube of a group sof teStoichiometric study: Job's method of continuous
tubes containing different aliquots of the drugvarla'uon was adapted. Master equimolar solutiohs o

(doripenem) solution and then the test tubes Wergorlpenem with bof[ht-acceptors and ninhydrin were
heated for 20 min in a water-bath at 65+5°C Afterprepared. Acetonitrile was use_d as a solvent _fernth
cooling, a final concentration range of 1 5_2‘5 mb'?n acceptors and methanol for ninhydrin. A series @f 1

. . . mL quantities of the master solution of doripeneithw
was obtained by transferring the solutions fromtdst particular acceptor was prepared including dfier

tubes to volumetric flasks and adding de-ionisetkewa complementary amounts (0:10, 1:9, 2:8 and 9:1)0in 1
to the desired VOlUme. The absorbance of the soisiti mL calibrated flasks. After an appropriate t|mee th
was measured against a blank sample at 580 nm thsorbances of the resulting solutions were medsaitre
obtain a calibration curve, which was prepared bythe wavelength of maximum absorption (Table 1)
plotting the absorbance Vs. concentration. against reagent blanks treated in the same way.
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Interference from excipients. The interference from Reaction with w-acceptors. An intense coloration was

excipients was studied by preparing samples camgist produced by mixing the doripenem solution (Lewis
of 50 mg of doripenem mixed with different amouots base) and the-acceptor solutions (Lewis acid) in an
common excipients such as glucose, lactose, frectosacetonitrile medium at room temperature, which
talc powder, starch the procedure was performed asdicates the formation of a CT complex. The formed

described in the general procedures. complexes exhibited broad absorption bands in Hte 2
470 nm region as follows: 357 nm for DDQ, 320 nm fo
RESULTSAND DISCUSSION Chan, 264 nm for CH, 375 nm for TCNQ (Fig. 3) and

465 nm for TCNE (Fig. 2).

Doripenem exhibits a weak UV absorption at 235 nm.

Using well-known spectrophotometric methods, a low
sensitivity is obtained (Algaradawi and Nour, 2004)

0.6 NIN

TCNE

Reaction with Ninhydrin (NIN): Ninhydrin reagent 0.4

is most commonly used to identify primary aliphatic =
amines (Cielecka-Piontedt al., 2011;Psathast al.,

2008). Generally, the main step of this reaction is
heating the reagents for a short time in an organic
solvent/water mixture; then the absorbance of the 0.0
reaction product is measured at 580 nm (Gorog, 400 500 600 700 800 900
1995). During the reaction, an oxidative deamimatio A/nm

of the primary amino group, representing the
interaction between doripenem and the ninhydrin
reagent in a methanol medium, occurs and produces a
reduced ninhydrin that undergoes a condensation 1:
reaction to form a complex with Jamax of 580 nm
(Fig. 1 and 2). Doripenem appears to be capable of
reacting with ninhydrin only at higher temperatures 0.81
The maximum color of the reaction complex was . ,.]
acquired by heating the reaction solution for 1% mi
on a water bath at 65+5°C. Additionally, it was
observed that an extended heating time reduced the oz
chromomeric intensity, which emphasizes the
importance of controlling the reacti time. 200
To match the reaction criteria, many solvents sagh Hum
water, methanol, ethanol, acetone, isopropanol
acetonitrile and dioxin have been examined. However
methanol provided the optimal results.

Fig. 2: Absorption spectra of the products of the
reactions of doripenem with NIN and TCNE
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Fig. 3: Absorption spectra of the products of #ctions
of doripenem with CH, ChA, DDQ, and TCNQ
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Fig. 1: Suggested reaction pathway between doripene 20, 25 and 30 pg mb) and a constant
and NIN concentration of chloranil (75 pg ).
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Fig. 5: Suggested reaction pathway between doripeared CH, ChA, DDQ, TCNE and TCNQ

The formation of the CT complex was confirmed bg th Reagent concentration: The ideal volume of the
observation that none of the reactants was asedciatdoripenem stock solution for conducting the assays
with the produced colors. A proposed mechanism fowith the polycyanoquinone and polyhaloquinone
the formation of new bands could be representedrby acceptors was found to be 1 mL, whereas 1.5 mL of
electron-transfer complexation reaction betweeminhydrin was used. Thus, increased concentratidns
doripenem (lone-pair donor) and electron-deficient the reagents used may be helpful for rapidly achgev
acceptors followed by the formation of radical ioAs  equilibrium and minimizing the time needed for ©&

the concentration of doripenem increased, the sitlen complex formation.

of these bands increased. The proposed mechanisms

with respect to each-acceptor are depicted in Fig. 5. Reaction time: The determination of the reaction time
donor-acceptor mixture of the reaction was impeeati was performed by tracing the absorbance of the
for obtaining reproducible results. The transfoiorat produced colour at different time periods at ambien
of the molecular complex (outer complex) into thedr  temperature (25+5°C) for all of the reagents except
complex involves the formation of radical ions, @i ninhydrin (65°C). For each of the investigated erag,

is responsible for the observed wavelength andiresju the complete formation of the color was achievélegi
time to be completed. To optimize the conditiomsne  promptly or after 10-30 min (Table 1).

parameters, such as solvent, time, reagent comdtiemntr

and temperature, were explored; one variable wagssociation constants and standard free energy
changed and its effect on the absorbance of trweml changes The Benesi-Hildebrand equation was used for
complex was observed. Figure 4 displays represeetat the determination of the association constants ttier
spectra, which demonstrate the pure doripenem rspectinteraction of each drug with a NIN, CH, ChA, DDQ,

and those of different concentrations of doripenvéith  ToNE or TCNQ complex (Benesi and Hidelbrand, 1949):
a constant concentration of chloranil (75 mg ML

However, the change in the doripenem spectra with Ca_1, 1 1
added chronal is understandable. A & Kce Cb
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In this equation, Ca and Cb are the concentratibns Table 4 summarises the analytical results obtaired
the acceptor and donor, respectively. A is therlasme  this investigation. The values of the Relative 8tad
of the complexg is the molar absorptivity of the complex Deviation (RSD) and the Standard Deviation (SD)
and Kc is the association constant of the complex. acquired were quite acceptable. According to the

Table 2 shows straight lines that were obtainecpresent experimental conditions, the intensity lod t
from plotting the values of Ca Vs. A according ket absorption at the specified wavelength is a fumctid
aforementioned equation. The standard free energthe concentration of doripenem. Beer’'s law plotglin
changes AG°) for the complexation reaction were studied situations were linear with very small inépt
calculated from the association constants using thealues (-0.105-0.022). Table 2 indicates that thpes
following equation: ranged from 0.012-0.054 in the general concentratio
ranges. A least-square method was used to derave th
regression equations for the proposed procedurds an
Here: the correlation coefficient ranged from 0.9995-099

AG® =-2.303 RTlogKc¢

AG® = The free energy change of the complex ng11)10|— Specificity: Several experiments were conducted to
R = The gas constant (0.001987 K cal T ) study the influence of common additives, excipients
T = The temperature in Kelvin (273°C) and and adjutants on the proposed approach beforeihgndl
Kc = The association constant of the drug acceptofhe analysis of the pharmaceutical preparations.
complexes (1 mat) given in Table 3 (Martin Regarding the interference resulting from the
and Bustamante, 1993). degradation products of doripenem and the intenfaze
Reaction stoichiometry: Considering Job’s method of of the excipients and additives commonly existing i
continuous variation the observed molar ratio of th Pharmaceutical formulations, the Energy of the Gear
doripenem to NIN, CH, ChA, DDQ, TCNE and TCNQ Transfer (ECT) relies on the Ipnisation PotentiB) (of
was 1:1 for all reagents except NIN, which hadtiora the donor and the electron affinity of the accegEk);

of 1: 2. thus, thel max values of other p-donors differ from
those of the examined acceptors if they can form
Quantification: Charge-Transfer (CT) complexes. The basic

Linearity, accuracy and precision: Successive f:haracteristics of doripenem_gave rise t_o this ifipeg
calibration standards were prepared and four liyear in the charge-transfer reaction of doripenem bexaus
curves including seven non-zero concentrations werf'€Y allow the charge transfer to occur; howevke, t
analysed to verify the linearity, accuracy and miea. ow basicity of dorlpenems_ _degradat|or_1 products
For the proposed procedures, linear regressioﬁ'akes the charge transfgr Q|fflcult to achieve.tha
equations were acquired. A linear reliance of the osage forms, the poter_mal interference caus_ethby
absorbance on Beer's law was demonstrated by thgxeipients was also studied. T able 5 shows thamiala
calibration curve as given in Table 2, which diggla recovery percentages, which were good an_d_ no
the results of the statistical analysis of the expental !nterference was observed from any of these exupie
data, including the slopes, intercepts and thersqag in the proposed approaches.

the correlation coefficients acquired by the linksast-

squares processing of the results. Solutions wit he DL and QL values for doripenem with NIN andreac
different concentrations of doripenem were prepare

- . -acceptor were calculated. The theoretical DL ard
and analysed in five replicates for the purpose 06 P Q

. . alues were examined by a real analysis of these
determining the accuracy and precision of the mitho .o entrations via proposed methods.

Detection Limit (DL) and Quantification Limit (QL):

Table 2: Quantitative parameters for the reactafrdoripenem with  Table 3: Association constants (Kc), correlatioreficients and

NIN, CH, ChA, DDQ, TCNE and TCNQ standard free energy changeSG() of the doripenem

Linearity Intercept Slope Molar complexes obtained from Benesi-Hildebrand plots

Acceptor  pgmi* A B r absorptivity ~ Acceptor AG® %RSD  Kc18 % RSD r
NIN 1-25 0.022 0.012  0.9990 43553 NIN -4.365 0.97 0.891 0.96 0.999
CH 8-10 0.011 0.031  0.9999 62322 CH -3.540 0.92 1.354 0.87 0.998
ChA 5-15 0.001 0.026 0.9998 50992 ChA -4.791 1.03 1.168 1.03 0.999
DDQ 1-15 -0.031 0.054  0.9995 72466 DDQ -4.921 0.98 0.961 0.94 0.997
TCNQ 2-25 -0.093 0.043 0.9997 94845 TCNQ -3.964 1.04 1.469 1.06 0.998
TCNE 3-20 -0.105 0.025 0.9999 81734 TCNE -4.852 1.12 1.389 1.12 0.999
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Table 4: Evaluation of the accuracy and precisioth® proposed methods

Added ug mc"  Found % Recovery  SD RSD Added pgmL  Found % recovery  SD RSD
NIN DDQ

2 1.99 99.50 0.354 0.349 4.88 99.60 0.466 0.465
5 5.00 100.00 0.512 0.501 10 9.98 99.80 0.415 0.405
10 9.98 99.80 0.942 0.950 15 14.97 99.80 0.645 50.65
15 14.97 99.80 0.364 0.372 20 20.11 100.55 0.687 6890.
20 21.01 100.05 0.694 0.693 25 25.13 100.52 0.954 .9590

30 29.99 99.97 0.618 0.609 30 29.86 99.53 0.476 730.4
CH TCNQ

15 15.03 100.20 0.941 0.933 5 4.97 99.40 0.898 40.89
20 19.89 99.45 0.945 0.940 10 9.96 99.60 0.466 80.46
25 25.00 100.00 0.475 0.490 15 14.87 99.31 0.468 4630.
30 29.96 99.87 0.648 0.639 20 19.79 99.95 0.348 380.3
40 39.94 99.85 0.756 0.766 25 24.95 99.80 0.845 400.8
50 51.04 100.08 0.468 0.487 30 29.90 99.67 0.768 7610.
ChA TCNE

2 1.99 99.50 0.871 0.786 5 5 100.00 0.456 0.453
5 4.97 99.40 0.489 0.501 10 9.99 99.90 0.479 0.480
10 9.97 99.70 0.377 0.394 15 15.14 100.39 0.598 000.6
15 14.98 99.87 0.745 0.744 20 20.16 100.08 0.947 9580.

20 19.96 99.80 0.311 0.344 25 25.00 100.00 0.468 4590.

35 34.89 99.69 0.746 0.745 30 29.97 99.90 0.587 880.5

Table 5: Recovery of doripenem in the presencéfefeht excipients

% Recovery

Ingredient  NIN CH ChA DDQ TCNQ TCNE
Glucose 90.32 100.02 99.97 99.98 99.59

Fructose 100.00 100.10 99.91 99.79 99.76

Lactose 100.01  99.98 100.97 99.49 99.92

Starch 99.97 99.94 100.91 100.03 100.02 100.97
Talc 99.96 100.06 99.93 100.08 100.01 99.86

could be introduced to the assay of these drugseim
single dosage forms without interference. Repegted|
interference was observed for the commonly

no

99.9g €ncountered ingredients of the formulations. Far th

99.47 acceptors that were used, the recovery percentages

99.65 ranged from 99.31-100.55.

Table 6: Determination of the concentration of periem in
commercial pharmaceutical preparations by the mego
and reference method (Mulliken, 1950)

Dorebax™ Mean% recovery SD RSD T-test

Reference 99.60 1.01 1.01 0.07

NIN 99.30 1.03 1.03 0.11 1.21
CH 100.20 097 0.97 0.87 1.09
ChA 99.90 0.98 0.98 1.03 1.18
DDQ 99.70 1.03 1.03 1.06 121
TCNQ 100.40 1.05 1.05 111 1.28
TCNE 100.04 097 0.97 1.21 1.37

0.12, 0.45, 0.1, 0.05, 0.07 and 0.21 mg iespectively.

Analysis of phar maceutical dosage forms. To analyze
the doripenem in pharmaceutical formulations, theegyted in a color intensity that was less thaa th

proposed

spectrophotometric

approaches were used in conjunction with the rafare

method (Mulliken, 1950). The same samples wergeaction rate was also studied using 0.5-5 mL 5f\.
involved in the determination. In the case of thenaOH. The addition of NaOH increased the absorbance
calculated and theoretical values (95% confidemmfe) of the reaction product at volumes up to 1.0 mteraf
the proposed and formally valid methods, no sulisian which a further increase in the volume of 0.5 M NaO

variation was observed between

the

results,

111 dru

Kinetic and optimization of the reaction condition:

The reaction between doripenem and alkali potassium
permanganate results in a maximum absorbance at 508
nm. Because the intensity of the color increaseah wi

color
temperature was selected as the optimum temperature
Heating the solution was observed to increase dte r

of the reaction, but Mnwas precipitated.

The increase in the reaction rate and the maximum
The QL values of doripenem with NIN, CH, ChA, DDQ, absorbance as a function of time was investigatiéd w
TCNQ and TCNE were 0.363, 1.02, 0.34, 0.21, 0. anjncreasing KMnQ concentrations. It was observed that 2
0.08 mg mL", respectively, whereas the DL values weremL of 4x10-3 M KMnO4 was adequate to achieve the
maximum absorbance. Using more than 2 ml resutted i
no change in the reaction rate and the maximumr colo
intensity, whereas less than the optimal volumen(3

development

increased.

F-test time, this behavior was used to analyze the abded-c

g in its pure and pharmaceutical preparations.

The reaction rate increased substantially as the
Therefore,

room

charge-transfef, 5 yimum value and required an increased time to.for

The influence of the NaOH concentration on the

aresulted in no change in the absorbance of thdaiosac

determined by t and F tests. However, these resultsroduct. Therefore, 1.0 mL of 0.4 M NaOH was found
suggest a similarity between accuracy and precisiorto be the most suitable concentration to achieve th
The data in Table 6 indicate that the current pllaces

515
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0.6 Log (ratg =-0.517+ 104logc@E  0.99€
0.5 1 L Hence, K* = 0.304 sec-1 and the reaction is firdep

2 (n = 1.04) with respect to the doripenem conceiotnat
0.4 4
3 Initial-rate method (pseudo-zero-order-method): In
< 0.3 1 3 4 the initial-rate method, graphs of the rate (at the
ﬁ . beginning of the reaction) versus the drug conegioin

were difficult to obtain because the first step thé
reaction is not rate determining and is too fagotiow;

01 thus, tangents to the curves at zero time arecdiffto
& draw. Therefore, this method was abandoned.
5
0.0 T T T r
0 5 10 15 20 25 30 Rate-constant method: Graphs of log (absorbance)

Amm versus time for doripenem concentrations in thegean
) _ ) ) of 1.5x10-5-6.5x10-5 M were studied and found to be
Fig. 6: Graphs of absorption versus time for thectien  straight lines. The pseudo-first order rate cortstéq’)
between doripenem and potassium permanganatgrresponding to different concentrations of damiga
showing the dependence of the reaction on thevere calculated from the slopes multiplied by -3.30
doripenem concentration. The concentration ofand are presented in Table 7.
doripenem was (1) 2.14 xTp(2) 3.21x1C, (3) A regression of C versus K' gave the following
4.28x10° (4) 5.36x10°, or (5) 6.43x1T M, the  equation:
concentration of sodium hydroxide was 0.5 M and . )
the concentration of potassium permanganate was K'= -590x10"+ 0.133Cr~ 0.99

5x10° at room temperature . N .
P The poor linearity is likely due to changes in the

To summarise the optimum working conditions forrate constant (K") with the inevitable slight chaagn
the kinetic analysis of doripenem, 1.0 mL of 0.5 M the elevated temperature of the reaction.
NaOH and 2.0 mL of 4x10-3 M KMnDat room
temperature were used. Fixed-absorbance method: The reaction rate was

The rate of the reaction was also found to beecorded for different concentrations of doriperiarthe
dependent on the doripenem concentration. The rat@ange of 1.4x10-5-6.6xT0M. A pre-selected value of the
was followed at room temperature with variousabsorbance was fixed and the time was measured in
concentrations (5-26 pg ) of doripenem and seconds. The reciprocal of time versus the initial
KMnO* and NaOH were maintained at the optimumconcentration of the drug (Table 7) was plottede Th
concentrations described above. following equation of the calibration graph wasaoied:

It is clear from the graph shown in Fig. 6 thaa th
rate increased as the concentration of the drug 1/t= 198x10- 3+ 9% 18 3€ = 0.9%
increased, indicating that the reaction rate obigs

following equation: The range of the drug concentration giving the
—Kk(d most acceptable calibration graph with the above
Rate = K (drug) n equation was limited to 8-20 pg A.which could be a

Here, K is the pseudo-order rate constant and n is thg|sadvantage.

order of the reaction. _ _ Fixed-time method: The reaction rates were measured

The rate of the reaction was estimated by thgor ifferent concentrations of doripenem. The
variable-time method measurementA#/At, where A calibration graphs of absorbance versus the initial
is the absorbance and t is the time in seconds. concentration of the drug were obtained at fixedet

Taking logarithms of the rates and concentrationof 5, 10, 15, 20 and 25 min using the calibration
Eg. 1 can be transformed into the following equatio ~ equations. Both of the slopes and the intercepts
increased with time and the best correlation coieffit
was obtained for a fixed time of 20 min, which was,
therefore, chosen as the most suitable time for the
absorbance measurements. Doripenem kept the sodium

The regression of log (rate) versus log [doripehemhydroxide and permanganate concentrations conatant
gave the following regression equation: 0.5 M and 4x10-3 M at room temperature.
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