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Abstract
This work summarizes how the efficiency of pharmacopeias (USP and BP)
procedures for the iodometric determination of pencillins can be significantly
enhanced through the use of beta-cyclodextrin (β-CD). In the commonly used
iodometric method, titration takes about 30 min; 15 min to hydrolyze the antibiotics
and 15 min for reaction between iodine and hydrolyzed species. The experimental
results indicate that β-CD accelerates both hydrolysis of amoxicillin, ampicilline and
cloxacilline and the reaction of their hydrolyzed products with iodine. Effect of
different parameters such as sodium hydroxide, hydrochloric acid concentrations,
and the waiting times in the presence of β-CD on the total titration times reported
in pharmacopeia are evaluated. Finally, it is shown that the analysis times of
iodometric assay for ampiciline an d amoxicilin in the presence of 0.108 mg.ml-1 βCD are reduced from 30 to 5 min and those of cloxaciline is reduce to 10 min. The
iodometric titration in the presence of β-CD is referred to as modified USP. Student
t-tests at 95% level shows that there are no significant differences between USP and
Modified USP. It is also shown that β-CD increases the stability of penicillin-G relative
to USP buffer No.1. The reliability of the proposed method is evaluated by analysis
of the above mentioned antibiotics in different pharmaceutical forms. The results
show that the modified method can be successfully applied for the assay of
cloxaciline injection vial, amoxicillin and ampicillin capsules and suspensions.
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1. Introduction
Qualitative and quantitative control of
drugs after production is performed by the
standard methods described in United States
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pharmacopeia (USP) and British
pharmacopeia (BP). Iodometry is described in
USP as one of the standard methods for
determination of ampicillin, amoxicillin,
penicillin-G, and cloxacillin [1, 2]. In this
method, penicillins are hydrolyzed by NaOH
and then the products are oxidized with I2.
Both hydrolyzing and oxidizing steps are time
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consuming and each step takes about 15 min,
hence a total waiting time of 30 min is
required to report the analysis results.
Applications of cyclodextrins (CDs),
especially β-CD, and their derivatives cover
various areas of pharmaceutical researches
including improved drug loading and
solubility, encapsulation and controlled release
of drugs [3-10]. CDs are cyclic oligosaccharides with a non-polar cavity and a polar
surface. This particular configuration allows
complexation of non-polar guest and a good
solubility of the host-guest complex in water
and in biological medium. These CDs are
well known because of their capabilities in
forming stable host-guest inclusion complexes
[11]. Several weak intermolecular interactions
including dipole-dipole, electrostatic, Van der
Waals, hydrophobic and hydrogen bonding
interactions are suggested between host and
guest molecules [3, 4]. Therefore, complex
formation changes the properties of both host
and guest molecules.
Catalytic activity of CDs on a variety of
reactions is well known [12]. Hydrolysis of
phenyl acetates is one of the first works on
catalytic actions of CDs [13]. All the reactions
catalyzed by the CDs and their derivatives
proceed via complexation. β-CD in alkaline
media accelerates the breakage of β-lactam
ring of penicillins 20 to 90 times faster than
alkaline hydrolysis in its absent [14, 15].
In the iodometric determination of
penicillins an alkaline hydrolysis occurred
prior to reaction with iodine molecules.
However, in this study catalytic effect of βCD on the chemical reactions is used to
minimize the iodometric reaction times of
ampicilline, amoxicillin, and cloxacillin.
Finally, a modified iodometric method for
the above mentioned penicillins is introduced
and referred to as modified USP (MUSP).

grades and were purchased from Merck
(Darmstadt, Hess, Germany). Ampicillin,
amoxicillin, penicillin-G and cloxacillin
standards are received as a gift from Kosar and
Jaberebn-e-Hayan Pharmaceutical Companies
Iran. Double distilled water is used
throughout.
Ampicillin and amoxicillin capsules (500
mg) and suspensions (250 mg/5 ml), penicillin
G (1000000 unit) and cloxacillin (500 mg)
injection vials and capsules are prepared from
local drug stores.
2.2. Steps in iodometric titration of penicilines
reported in USP and BP
The iodometric procedure for
determination of the above mentioned
penicillins, are described in BP and USP as
follow:
1. Pour 2 ml of antibiotic solution in an Erllen
Myer and add 2 ml of 1 M NaOH solution
2. Wait 15 min to hydrolyze the penicillines
3. Add 2 ml 1.2 M HCl solution and 10 ml
0.01 M I2 solution
4. Wait 15 min for the reaction between iodine
molecule and hydrolyzed products to become
complete
5. Titrate with 0.01 M sodium thiosuphate
solution till a pale yellow color is observed
then add 10 drops of starch solution, and
continue titration till the end point is reached.
In each experiment all of the antibiotic

2. Experimental
2.1. Reagents and solutions
All chemicals were of analytical reagent

Figure 1. The effect of β-CD concentration on the iodometric
determination of a) Amoxicillin, b) Ampicillin and c)
Cloxacillin.
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Table 1. Comparison of the results obtained by both USP and modified USP (MUSP) methods.
USP
MUSP
-1
0.92 ±0.001
0.93 ±0.009
Amoxicillin (1 mg.mL )
0.99 ±0.017
1.00 ±0.009
Ampicillin (1.11 mg.mL-1)
1.11 ±0.016
1.03 ±0.011
Cloxacillin (1.25 mg.mL-1)
The results are mean of six measurements.

(hydrolysis of the penicillines and oxidation
of hydrolyzed product by iodine) is studied
and modified USP or BP methods (MUSP or
MBP) are proposed.
To check the necessity of the total 30 min
waiting times in the iodometric determination
of the mentioned penicillines, repeated
experiments were performed using different
waiting times for hydrolysis of the selected
penicillines and the iodine reaction and
analyzing the results. As the results show, 30
min waiting times is necessary for ampicilline,
amoxicilline, and cloxacilline sodium
determination. Penicillin G shows a different
behavior.
In USP method, peniciline-G is prepared
in NaOH and hydrolysis is started
immediately after solution preparation. The
first 15 min, waiting time reported in USP and
BP is not necessary and β-CD had no effect
on the hydrolysis step. By analyzing replicate
titrations, it is also found that the reaction
rates of hydrolyzed products with iodine are
also fast and reaction time can be set to 5 min
without β-CD. So, no β-CD is needed to be
added.
USP suggests preparation of penicillin-G
solution in buffer No. 1 to stabilize it for
assay purposes. The stability of penicillin-G
in USP buffer No. 1 is compared with that of
β-CD. The results indicate that penicillin-G
solution prepared in USP buffer No. 1 show
3.2% hydrolysis after 24 h while just 1.7%
hydrolysis is occurred in β-CD after 72 h.
This stability probably is due to inclusion
complex formation at the inset.
In order to establish MUSP method for
the three mentioned antibiotics, optimum
concentration of β-CD, NaOH, HCl and
reaction time are determined. The sequence

concentrations were calculated as reported
in USP [2].
2.3. Modified USP (MUSP)
The extent of the effect of β-CD on the
determination of each antibiotic is determined
separately and a detailed procedure which is
described below is referred to as MUSP.
2.4. Assay of amoxicillin and ampicillin
Two milliliter of the antibiotic solution
was transferred to an Erllen Myer and 1 ml of
1.85 mg.ml-1 β-CD was added to give a final
concentration of 0.108 mg.ml-1, then 2 ml
NaOH (1 M), 2 ml 1.2 N HCl solution and 10
ml 0.01 M I2 solution was added, and waited
for 5 min. The resulting solution was titrated
with 0.01 M sodium thiosulphate solution.
Blank titrations are also performed with the
same procedure but 2 ml distilled water is
added instead of the antibiotic solution. Blank
and antibiotics titration results are needed to
calculate the penicillins concentration as is
reported in USP [2].
2.5. Assay of cloxacillin sodium
Two milliliter of antibiotic solution was
transferred to an Erllen Myer and 2.5 ml of
1.85 mg.ml-1 β-CD was added to reach a final
concentration of 0.27 mg.ml-1, then, 2 ml 1 M
NaOH was added. After 5 min, 2 ml 1.2 N
HCl and 10 ml 0.01 M I2 was transferred to
the Erllen, and waited another 5 min, and
titrated with 0.01 M sodium thiosulphate
solution. Blank titrations were prepared with
the same procedure by adding 2 ml distilled
water instead of the antibiotic solution.
3. Results and discussion
The effect of β-CD in two delay steps
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Table 2. Analysis of amoxicillin, ampicillin and cloxacillin in different pharmaceutical forms.
Amoxicillin (5mg mL-1)
Ampicillin (5mg mL-1) Cloxacillin (mg)
a
211.25±9.97
226.25 ±13.26
Suspension (USP)
198.75 ±13.06
212.50 ± 9.58
Suspensiona (MUSP)
capsulesb (USP)
315.00 ±1.02
398.00 ±4.04
521.25 ± 4.01
b
287.50 ±2.04
356.00 ±2.07
527.50 ±1.09
Capsules (MUSP)
539.17 ±3.05
injection vialb (USP)
538.33 ±4.06
injection vialb (MUSP)
The results are mean of six measurements.; a250 mg per 5 mL; b500 mg; a & b are lable amounts

Also the obtained results illustrate that βCD should be added in hydrolysis step.

of the addition of reagents is also checked.
Finally, MUSP method is used to determine
the considered penicillins.

3.3. Effect of β-CD concentration on the
titration results
Figure 1 shows the effect of β-CD
concentration on the accuracy of the titration
results. As it is illustrated from this Figure, the
optimized β-CD concentrations for
ampicilline, amoxicillin, and cloxacilline
sodium are 0.108, 0.108, and 0.27 mg.mL-1,
respectively.

3.1. Effect of β-CD in hydrolysis of penicillins
In order to investigate the effect of β-CD
on hydrolysis of the mentioned pencillines βCD is added in hydrolysis step (step 1, section
2.3) and results for a series of consecutive
titrations with different hydrolysis times (step
2, section 2.3) are compared. The iodine
reaction time is kept constant as set in USP.
It is concluded from the results, that β-CD
immediately hydrolyzed amoxicillin and
ampicillin. So, in the presence of β-CD
hydrolysis waiting time can be omitted for
these two penicillins. As for cloxacillin
sodium, hydrolysis time is reduced from 15
to 5 min. However, β-lactam ring cleavage is
accelerated in the presence of β-CD as
expected and reported [15].

3.4. Effect of NaOH and HCl on measurement
of penicillines
At optimized time and β-CD
concentrations, the variation in NaOH and
HCl concentrations on the titration results
are investigated. For this purpose the
concentrations below and above those
suggested in the USP are tested. But no
considerable changes in the results are
observed and USP concentrations namely, 1
M NaOH and 1.2 M HCl, are used throughout
the study.

3.2. Effect of β-CD on reaction of I2 with
hydrolyzed products of the penicillins
In another set of titrations, β-CD is added
just before the iodine addition (step 3 of
section 2.3) and the solutions are titrated with
varied time intervals (step 4, section 2.3).
The obtained results show that β-CD can also
affect the oxidation reaction between iodine
and hydrolyzed products. It seems that
inclusion complexes of β-CD with iodine
[16] could be the reason for such increase in
the rate of oxidation of these compounds.
The reaction time was reduced to 5 min
instead of 15 min for ampicillin, amoxicillin
and cloxacilline sodium.

3.5. Comparison of USP and MUSP methods
Detailed of modified USP method for the
above mentioned penicillins are summarized
in section 2.3.1 and 2.3.2. In order to show the
reliability of the proposed methods the
mentioned standards and some of their
pharmaceutical forms are analyzed by both
USP and MUSP iodometric procedures.
The results of analysis of standard solutions
of the three mentioned penicillins by two
methods are presented in Table 1. The
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methods are comparable. The analysis of
variance at 95% level also showed that there
are no significant differences between these
methods.
Assay results of the selected pharmaceuticals presented in Table 2 demonstrate good
agreement between MUSP and USP method.
Also statistic tests show that there is no
significant difference between USP and
proposed modified method.

[5]

[6]

4. Conclusion
In conclusion, β-CD catalyzed both
hydrolysis and reaction of hydrolyzed
products with iodine. The inclusion complexes
formed in the presence of β-CD promote the
reaction between iodine and the hydrolyzed
products. So, assay times, an important factor
in chemical analysis, are reduced from 30 to
5 and 10 min for amoxicillin, ampicilline,
respeactively and cloxacillin sodium. It is
indicated that structural differences of
penicillins can affect the extent of β-CD
catalytic action.

[7]

[8]
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