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Abstract
Capability to quantify drug release is vital in many areas of pharmaceutical research. Accurate, rapid and repeatable 

detection of pharmaceutical agents allows for comparisons between drug delivery constructs prior to in vivo studies as 
well as identification of therapeutic levels in samples both in vitro and in vivo. Perhaps the foremost scientific method 
for monitoring of therapeutics is High Performance Liquid Chromatography. This process allows for clear and simple 
quantification of therapeutic presence in a sample, with an inherent or induced chromophore, through the detection of 
bound specimen to the utilized column. Multiple drugs can be used through this process and exemplary methods are 
presented for the pharmaceutics; cefuroxime, clindamycin, dexamethasone, dicloxacillin, doxycycline, metronidazole, 
oxymetazoline, paclitaxel, tobramycin, and vancomycin. Each of these drugs is analyzed using Reversed-Phase High 
Performance Liquid Chromatography utilizing a hydrophobic column. Independent, repeatable methods are developed 
for each drug. Where necessary a pre-column derivatization is used to allow for visualization of otherwise undetectable 
tobramycin. In the case of each drug, a standard curve is presented to show the linearity of response for the proposed 
method within a range of absorbance. This work shows the ability to analyze multiple drugs with a single simple, quick, 
cost effective system and detection methods are evaluated for each drug with a R2 value of greater than 0.99.
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Introduction
HPLC

High Performance Liquid Chromatography (HPLC) is a widely 
used method to quantify the presence of a pharmaceutical solute in 
samples. This analytical method involves the injection of a sample into 
the chromatographic column which then retains the desired sample 
from the mobile phase. The extracted and bound sample is increased 
and analyzed through a variety of methods, which involve the detection 
of a chromophore of the bound agent. HPLC analysis is superior to 
other forms of UV/Vis quantification due to the process ability to clearly 
quantitate material as well as remove interference problems inherent 
in other processes [1]. Despite this distinct advantage, HPLC is a very 
difficult process with variables such as temperature, column choice, 
mobile phase composition and mobile phase pH all being essential to 
consider [2]. 

As stated, column choice is a crucial variable to control the efficacy 
of an HPLC method. Columns are offered in a wide variety of types and 
sizes, but can generally be divided into normal phase and reverse phase 
columns. These column names relate to the manner in which the desired 
solute is removed from the mobile phase and drawn to the analytical 
column [3]. Reversed phase is by far the more prevalent technology at 
present and involves hydrophobic columns and aqueous based mobile 
phases. Commonly used columns in reversed-phase HPLC (RP-HPLC) 
include C8 and C18 columns. Column choice parameters have been 
covered in other areas of the literature [2,3].

Following the choice for column type, HPLC methods again fall 
into two groups based on analytical scheme. These two scheme types 
are referred to as isocratic and gradient methods. Isocratic methods 
refer to the use of a single mobile phase composition for the entirety 
of analysis, whereas gradient methods refer to methods which utilize a 
changing composition through the process. Isocratic analysis has been 
considered quicker until recently, however gradient analysis allows 
higher throughput [4], better resolution [4], and separation of multiple 
compounds in a single sample [5]. For these reasons gradient analysis is 

often employed in analytical settings where applicable. When choosing 
a gradient method, the mobile phase is of great concern. Mobile phases 
in RP-HPLC usually involve water, acetonitrile, and/or methanol and 
sometimes a dopant agent such as triethanolamine or triflouroacetic 
acid is used [2]. Because of the large amounts of variables present 
in such systems, method development is quite difficult and results 
in many methods for analyzing the same drug [6]. For this reason, 
it is important to select and/or develop the best method for a given 
application’s indication.

Discussed antibiotics and published HPLC methods 

The following sections briefly outline the utilized drugs and their 
relation to HPLC analysis in the lab today. Each of these drugs was 
chosen for method development based on clinical need.

Cefuroxime: Cefuroxime is a member of the cephalosporin family 
which displays activity against both Gram-positive and Gram-negative 
bacteria [7]. It is a well characterized drug with many methods for 
quantification and has a prominent chromophore with peak UV 
absorbance in the 270-280 nm range, making it acceptable for HPLC 
analysis [8]. The drug is usually used in salt form, with cefuroxime 
sodium being prevalent. This form is very hydrophilic and for this 
reason RP-HPLC can be used to quantitate drug presence in solution 
samples.

Clindamycin: Clindamycin is a lincosamide that is finding a wider 
use in today’s clinic due to the wide range of efficacy for the drug [9]. 
It can be used to treat infections from staphylococcal to anaerobic 
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to even some protozoal infections [10]. Clindamycin is supplied as a 
hydrophilic salt, traditionally as a hydrochloride. With this enhanced 
solubility, RP-HPLC is used with detection around 200 nm [9,10]. 
Clindamycin methods usually are performed isocratically [9,10], 
however, gradient methods are useful especially as clindamycin is often 
used in combination treatments [5].

Dexamethasone: Dexamethasone is a steroid of the glucocorticoid 
family [1]. These drugs have exhibited effectiveness with treatment 
of many ocular ailments [11]. Dexamethasone shows the most anti-
inflammatory activity within this family and is therefore finding many 
applications within the ocular field [12]. However, excessive levels 
have been linked with undesirable side effects and so quantification is 
of the utmost importance [13]. Dexamethasone, like most steroids, is 
generally lipophilic but can be quantified through HPLC with reverse 
phase columns. Analysis is commonly performed on C18 columns 
[11,12,14] and detection is usually between 238 and 255 nm [1,11,12]. 

Dicloxacillin: Dicloxacillin is a modern member of the penicillin 
family. It is penicillinase resistant allowing for use in indications where 
other members of the group are not effective [15]. It is a highly polar 
compound which causes difficulty with extraction in many processes 
[16]. Previous work with this drug has involved reversed phase columns 
and utilized detection wavelengths between 220 and 240 nm [15-18].

Doxycycline: This common tetracycline drug is used widely 
due to its broad spectrum of activity [19]. It has been well defined 
pharmacokinetically with a reliable absorption and long half-life [20]. 
Recently, doxycycline has exhibited inhibition of enzymatic activity, 
such as that of the matrix metalloproteinase’s (MMP’s) [21]. For these 
reasons pared with wide patient tolerance, this drug has been used 
in many indications and HPLC methods have been developed for 
quantification [19-21]. These methods involve a wide range of detection 
wavelengths with 350 nm being the most common [19]. 

Metronidazole: This cytostatic drug has a wide range of uses within 
the clinic. Metronidazole is prescribed for conditions ranging from 
rosacea to bacterial vaginosis [22]. The drug has also been shown to 
sensitize tumors to radiotherapy, opening its use in oncology [23]. For 
these conditions, the drug is often carried within a gel [24], with release 
from the gel being an important experimental variable. For this reason, 
HPLC is often employed as the drug salt is water soluble, has a strong 
chromophore, and is used in the described wide variety of applications. 
Detection for this drug is performed over a wide range from 250 to 350 
nm [22-24].

Oxymetazoline: Oxymetazoline is a widely used non-prescription 
drug which acts as a vasoconstrictor [25]. It is generally used in the 
nasal cavity as a decongestant [25,26] and can be used in combination 
therapies for a wide variety of ear, nose and throat disorders [25-27]. 
The drug has a relatively low molecular weight, much of which is 
contained within the chromophore structure itself. This drug is often 
used in ointments and sprays and therefore ability to quantify release 
through HPLC is of great value. Analysis is traditionally performed 
using a C18 column with detection at 230 nm [25-27].

Paclitaxel: Taxanes and paclitaxel in particular have taken a leading 
role in chemotherapy over the recent decade. This expansion of use is 
largely due to the efficacy of paclitaxel in treatment of a wide range of 
solid tumors [28]. This drug moves to block mitotic activity through 
interference with the formation of microtubules [29], thus preventing 
cancer cell division. However, due to the prevalence of significant side 
effects, paclitaxel is almost always used in a comparatively low dose to 
other bioactive agents [30]. This need for a precise window of treatment 

combined with the important nature of the drugs indications make 
paclitaxel an important drug for quantification. HPLC is uniquely suited 
for the low levels of drug used as well as the common use of paclitaxel 
with other drugs and excipients such as Chremophor EL® [28-31]. The 
hydrophobic nature of the drug does necessitate different mobile phase 
ratios than other drugs described, but hydrophobic columns can be 
used and detection is usually around 230 nm [28-31].

Vancomycin: Vancomycin is a glycopeptide drug which has come 
to be used for critical infections where drugs of lesser efficacy cannot be 
utilized or in instances of drug resistance [32]. Specifically, vancomycin 
is used clinically to treat methicillin resistant Staphylococcus aureus 
(MRSA) [33]. Vancomycin is a relatively large molecular weight 
drug with many chromophores and is also hydrophilic [34]. These 
characteristics lend themselves to RP-HPLC with many methods 
described in the literature with detection traditionally in the 220-240 
nm range [32-34].

Tobramycin: Many serious infections within the body require 
specialized antibiotics. Tobramycin is often used to combat difficult 
infection such as osteomyelitis [35] and other serious gram negative 
bacillary infections [36]. This aminoglycoside chemically is similar 
to a sugar complex but presents challenges for HPLC analysis as it 
lacks a chromophore [35]. Because of this, pre-column derivatization 
techniques are often employed to make this drug visible to an associated 
UV detector [36,37]. The method utilized in this paper is similar to 
presented by Lai of Varian Chromatography Systems [37]. 

Materials and Methods 
Materials

Pharmaceutical drugs and triflouroacetic acid (TFA) were acquired 
from Sigma-Aldrich (St. Louis, MO). Acetonitrile (ACN) was purchased 
from Fisher Chemical (Waltham MA). HPLC grade water was prepared 
in lab using a Barnstead E-pure system series 582.

HPLC system

A single HPLC instrument was utilized for the detection of all drugs, 
allowing for limited maintenance and ease of work flow interruption 
between projects. Column utilized was a Waters Symmetry® C18 5 um 
4.6 × 150 mm column. Pump was a Waters 1525 binary HPLC pump. 
Pump and column were coupled with a Water 2996 Photodiode Array 
Detector (PDA). All mobile phases were first filtered through a Waters 
four channel in-line degasser prior to entrance into pump housing. 
Mobile Phases utilized were HPLC grade water with 0.1% TFA and ACN 
with 0.1% TFA. A Waters 717 plus autosampler was employed to allow 
multiple sample injection. Software for analysis was Waters Empower 
Pro. Flow rate was set at 1 ml/min. Methods herein are described 
by percentage of ACN mobile phase, omitting the complimentary 
percentage of HPLC composition in the mobile phase.

Method development: A general outline

Methods for each drug were generated specifically for the provided 
HPLC apparatus. A drug solution of greater than 0.1 mg/ml was 
prepared in mobile phase solution depending on the solubility of the 
given drug. Sample was then analyzed on HPLC apparatus through a 
gradient method of 5% ACN to 95% ACN over a period of 20 minutes. 
The 5% to 95% range was chosen so as to limit usage of the end ranges as 
this will enhance the lifetime of the column. This HPLC trace provides 
a general range for the determination of the second method attempt. 
Based on the elution time the original run the HPLC peak presents, 
a second run is prepared with a range of 15% change in ACN over a 
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space of 10 minutes. Based on presentation of peak within this second 
method, mobile phase composition was adjusted until the major eluent 
peak presented more than 5 minutes after the solvent injection peak, 
to be assured of peak resolution from the solvent front. Analytical 
wavelength for each drug was determined as the wavelength which 
corresponded with the maximum absorbance response compared to 
baseline noise for the sample peak as provided by the attached PDA 
detector. Following development of method, process was analyzed 
for reproducibility through generation of a standard curve consisting 
of at least five varying injection quantities and the confirmation of 
consistency through a R2 value of greater than 0.99 when comparing 
micrograms injected and absorbance reported.

Results and Discussion 
Results are presented for each drug subsequently. For each drug, 

methodology, analytical wavelength and standard curve are provided.

Cefuroxime

Cefuroxime sodium salt was determined to be best analyzed 
through the gradient method of 20 to 35% ACN over a time of 10 
minutes. With this method, a peak was found at approximately 7.25 
minutes. This peak was also determined to have a best absorbance for 
analysis at 275 nm. A standard curve was then prepared of a sample 
solution injected at different injection volumes, resulting in an R2 value 
of 0.9999. Prepared standard curve is seen in figure 1.

Clindamycin

Clindamycin hydrochloride analysis method was developed to 
be 20% to 35% ACN over a period of 10 minutes. With this method, 
a peak was found at approximately 8.15 minutes. This peak was also 
determined to have a best absorbance for analysis at 210 nm. A standard 
curve was then prepared of a sample solution injected at different 
injection volumes, resulting in an R2 value of 0.9999. Prepared standard 
curve is seen in figure 2.

Dexamethasone

Dexamethasone sodium phosphate was determined to be best 
analyzed through the gradient method of 25 to 40% ACN over a time 
of 10 minutes. With this method, a peak was found at approximately 
8.15 minutes. This peak was also determined to have a best absorbance 
for analysis at 240 nm. A standard curve was then prepared of a sample 
solution injected at different injection volumes, resulting in an R2 value 
of 0.999. Prepared standard curve is seen in figure 3.

Dicloxacillin

Dicloxacillin salt monohydrate was determined to be best analyzed 
through the gradient method of 45 to 60% ACN over a time of 10 
minutes. With this method, a peak was found at approximately 7.33 
minutes. This peak was also determined to have a best absorbance for 
analysis at 225 nm. A standard curve was then prepared of a sample 
solution injected at different injection volumes, resulting in an R2 value 
of 0.999. Prepared standard curve is seen in figure 4.

Doxycycline

Doxycycline hyclate was determined to be best analyzed through 
the gradient method of 23 to 38% ACN over a time of 10 minutes. With 
this method, a peak was found at approximately 7.85 minutes. This peak 
was also determined to have a best absorbance for analysis at 350 nm. 
A standard curve was then prepared of a sample solution injected at 
different injection volumes, resulting in an R2 value of 0.999. Prepared 
standard curve is seen in figure 5.

Metronidazole

Metronidazole free base was determined to be best analyzed 
through an isocratic method of 3% ACN over a time of 10 minutes. 
Gradient methods proved difficult due to the high water solubility of 
the drug, and a percentage outside of the 5 to 95% preferred range was 
required. This method exhibits the effectiveness of isocratic methods 
with the described HPLC apparatus. With this method, a peak was 
found at approximately 7.30 minutes. This peak was also determined 
to have a best absorbance for analysis at 275 nm. A standard curve 
was then prepared of a sample solution injected at different injection 
volumes, resulting in an R2 value of 0.999. Prepared standard curve is 
seen in figure 6.

Figure 1: Cefuroxime standard curve.
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Figure 2: Clindamycin standard curve.
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Figure 3: Dexamethasone standard curve.
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Oxymetazoline

Oxymetazoline hydrochloride was determined to be best analyzed 
through the gradient method of 25 to 40% ACN over a time of 10 
minutes. With this method, a peak was found at approximately 8.10 
minutes. This peak was also determined to have a best absorbance for 
analysis at 210 nm. A standard curve was then prepared of a sample 
solution injected at different injection volumes, resulting in an R2 value 
of 0.999. Prepared standard curve is seen in figure 7.

Paclitaxel

Paclitaxel free base, free of excipients, was determined to be best 
analyzed through the gradient method of 50 to 65% ACN over a time 
of 10 minutes. With this method, a peak was found at approximately 
6.55 minutes. This peak was also determined to have a best absorbance 
for analysis at 230 nm. A standard curve was then prepared of a sample 
solution injected at different injection volumes, resulting in an R2 value 
of 0.999. Prepared standard curve is seen in figure 8.

Vancomycin 

Vancomycin hydrochloride was determined to be best analyzed 
through the gradient method of 10 to 25% ACN over a time of 10 
minutes. With this method, a peak was found at approximately 6.78 
minutes. This peak was also determined to have a best absorbance for 
analysis at 210 nm. A standard curve was then prepared of a sample 
solution injected at different injection volumes, resulting in an R2 value 
of 0.999. Prepared standard curve is seen in figure 9.

Tobramycin

Tobramycin sulfate salt was successfully prepared for HPLC 

analysis through a pre-column derivatization as described [37]. A pre-
column derivatization was required due to the lack of a chromophore 
on the tobramycin structure. Analysis of the tobramycin complex was 
determined to be best performed through the gradient method of 5 to 
95% ACN over a time of 20 minutes. With this method, a peak was 
found at approximately 6.15 minutes. This peak was also determined to 
have a best absorbance for analysis at 254 nm. Other peaks present in 
chromatogram were omitted from standard curve analysis. A standard 
curve was prepared of a sample solution injected at different injection 
volumes, resulting in an R2 value of 0.99. Prepared standard curve is 
seen in figure 10.

As the reaction utilized to prepare the HPLC visible complex is time 
sensitive, analysis of tobramycin visibility degradation was performed. 
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Figure 4: Dicloxacillin standard curve.
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Figure 5: Doxycycline standard curve.
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Figure 6: Metronidazole standard curve.
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Figure 7: Oxymetazoline standard curve.
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Figure 8: Paclitaxel standard curve.
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A sample was tested at 30, 90, 150 and 320 minutes for response. Results 
can be seen in figure 11. From this information it can be determined that 
analysis should take place in the first hour following the pre-column 
derivatization to achieve the best results and a repeatable method.

Conclusion
As can be seen from the provided data, multiple drugs can be 

analyzed from a single HPLC instrument not apparatus. Also, each 
drug has a well-defined and reproducible analytical method presented. 
These methods have been determined to be efficient for the drug at 
hand, and where applicable gradient methods allow for separation 
and detection of multiple compounds if called for by the experiment. 

Drugs which are both hydrophobic and hydrophilic in nature have 
been quantified using a reverse-phase system. A method of detection 
for the aminoglycoside tobramycin is advanced and verified for the 
system. With a well-planned and executed methodology, HPLC can be 
a powerful tool for the detection of a wide range of antibiotics while 
requiring only a single apparatus.
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Figure 9: Vancomycin standard curve.
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Figure 10: Tobramycin standard curve.
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