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ABSTRACT

A simple and rapid flow injection (FI) spectrophotometric procedure for
the determination of tetracycline (TC) has been developed. The method is
based on theinjection of 150 pl standard or sample solutioninto adistilled
water stream which merged at the confluent point with ferric nitrate solu-
tion with the optimum flow rate of 1.5 mL/min, subsequently the reaction
will occur inside the reactor coil, forming brown color product that moni-
tored at 418 nm. Theflow injection experimental conditionswere optimized
by means of full factorial design. Under the optimum conditions, calibra-
tion graph was obtained over the range 2.0-120 pg/ml with adetection limit
of 1.0 ug/ml. The correlation coefficient and molar absorptivity were 0.9994
and 4.343x10° L/mol.cmrespectively. Theresults showed agood precision
and accuracy. The method was successfully applied to the determination
of tetracycline in pharmaceutical formulations and showed good agree-
ment with those obtai ned by the standard method at 95% confidencelevel,
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INTRODUCTION

Tetracyclines(TC) areafamily of antibioticshighly
employed in thetreatment of human and animal dis-
eases. Tetracycline moleculescomprise atetracyclic
nucleus to which various groups are attached™™. Al-
though their different kindsdiffer onthe substationsthey
have, dl themoleculesfrom thisfamily present acom-
mon structurewhich ownsantibiotic activity whenthere
isadimethyl-aminein oneof their carbons, whereas
thedimination of thisgroup, reducesthese properties
andincreasestheir non-antibiotic action@.

Tetracyclinehaving achemica name|[4s, 4as, 5as,

12as]-4-(Dimethylamino)-1,4,4a,5,5ab,11 12a
octahydro 3,6,10,12,12a-pentahydroxy-6-methyl-1,11
dioxonapthacene carboxamide®4 (asshownin Figure
1). Itisabroad-spectrum antibioticswidely used for
treatment of infections. Recently it wasfound that tet-
racyclineantibiotics have some other important func-
tiongd®. Themedicinesgive new hopesfor ailing heart
attack and ulcer patients. A nove singletetracycline-
regulative adenovira vector wasinvestigated by Fang
group for tumer-specific Bax geneexpression and cell
killingin vitro and vitro which may become apotential
therapeutic agent for thetreatment of cancer. Thetet-
racyclinehydrochlorideinduciblegeneexpresson sys-
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tem hasbecomeacommonly used approach to experi-
ments-controlled expression of agentsfor functional
evduaioninmammadiancdls TCisusedtoswitchgene
activity onand of 4,

HC._ _CHa

|
O
T

OH (0] QH (@] (9]
Figurel: Chemical structureof tetracycline

Thetetracyclines, which werediscovered inthe
1940s, areafamily of antibioticsthat inhibit protein syn-
thesisby preventing theatachment of aminoacyl-tRNA
to theribosomal acceptor (A) sitd*. Tetracyclinesrep-
resent aclass of antibacterial compoundswhich are
broad-spectrum agents”8 exhibiting activity against a
widerange of gram-positive and gram-negative bacte-
ria, atypical organismssuch aschlamydiae, mycoplas-
mas, and rickettsiae, and protozoan parasites. Dueto
their broad antibacterial spectrum, economic advan-
tages, thepossibility of oral administration, andthe ab-
sence of major adverse side effects® have been led
commonly used in human pathologiesaswell asin vet-
erinary medicine, anima nutrition and feed additivesfor
cattlegrowth®"9, |tisused for many different infec-
tions, such asrespiratory tract infections, urethritisand
severeacne, it dsohasaroleinthetreatment of multidrug
resistant malarid®'%. They are also used prophylacti-
cdlyfor the prevention of maariacaused by mefloquine-
resistant Plasmodium falciparum®. Despite the de-
velopment of new antibiotics, tetracydinesarestill used
widdy in both human and veterinary medicing*t,

Although thetetracyclinesretainimportant roles
in both human and veterinary medicine, theemergence
of microbial resistance haslimited their effectiveness.
Undoubtedly the use of tetracyclinesinclinical prac-
tice has been responsiblefor the sel ection of resistant
organisms. Neverthel ess, aswe enter thenew millen-
nium, the use of tetracyclinesand other antibioticsas
animd growth promotersisbecomingincreasingly con-
troversial because of concernsthat thispractice may
be contributing to the emergence of resistancein hu-
man pathogens*.

—— Fyll Peper

Various methods have been devel oped for deter-
mination of tetracyclinein pharmaceutica preparations
and biologica samplesincluding UV-visible spectro-
photometry!261314 fluorimetry!*>€, capillary electro-
phoresig517, chemilumi-nescence®®2Y, liquid chroma:
tography”-2-24 \Joltammetry'®, flow injection analy-
Si §9,25—31].

The main purpose of thiswork wasto develop a
smple, fast and low-cost flow injection procedurefor
determination of tetracycline based on the spectropho-
tometric detection of the colored product formed be-
tween thereaction of tetracyclineand ferric nitrateto
evaluatethe drug content in capsul e dosage formsus-
ingfull factoria designprogram.

EXPERIMENTAL

Apparatus

Theproposed Fl systemisdepictedinFigure2. It
cons stsof two channel s (A Watson-Marlow 5012 mul-
tichannel peristaltic pump was employed for fluid
pro-pelling). All measurements were performed with a
CECIL CE 3021, 3000 series UV-Vis ble spectropho-
tometer connected toaFUJITSU SIEMENS | aptop.
Thesampleswere pumped through Tygon pumping tube
of 0.9 mmi.d., the sampleloop and reaction coilswere
made of poly tetrafluoroethylenetubes (PTFE) of 1.0
mmi.d. Thesampleor standard solution wasinjected
viaasix-way PTFE |oop vave (Omnifit) witha150 ul.
sampleloop. The absorbance of the produced color
wasmonitored at 418 nm.

Reagentsand analytical solutions

Solutionsof ferric nitrate Fe (NO,)... 9H,0 (Fluka
AG) 3% and 5% (w/v) were prepared in distilled wa-
ter. Pharmaceutica gradetetracydinehydrochloridewas
obtained from Scharlau (purity 99.0%). Stock solution
of tetracycline (1000 pg/mL) was prepared by dissolv-
ing 0.1080 g of thetetracyclinehydrochloridein atotal
volumeof 100 ml distilled water. Standard sol utionsfor
linearity study were prepared by diluting the cal culated
volumesof the stock solutionwith distilled water. The
standard solutions of tetracycline are stablefor more
than 1 month when kept at 40C and protected from
direct light throughout the analysi s, dueto the photo-
sensitivity of tetracyclinetothelight™.
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Factorial design

The optimum reaction conditionsfor tetracycline
determination with spectrophotometric flow- injection
andysswereinvestigated by full factoria design. Atwo-
level (24 full factorid designwith 16 runswasdevel-
oped in order to determinetheinfluence of thefactors
and their interactionson the system response. Four fac-
torswerestudied: ferric nitrate concentration, flow rate,
reaction coil, andloop size.

Two-level factoria designsare screening designs
that combine the low and high levels of each factor
(TABLE1). Thesedesignsrequireonly areduced num-
ber of experimentsto find thosetrendsthat are hel pful
to understand the behavior of thesystem. In addition,
they can be easily upgraded to surface response de-
sgnsinorder to perform further optimizations.

Recommended procedure

A volumeof 150ul of the tetracycline solution was
injected into the sampleloop by means of asyringe.
Samplesor standards were injected into the carrier
stream (distilled water) and merged at the confluent
point with ferric nitrate solution (both of them pumped
at al.5 ml/minflow rate), subsequently thereaction
will occur insgdethereactor coil, forming brown color
products and finally passed through the flow injec-
tion spectrophoto-metric cell (FC), resulting in a tran-
sient signd that isrecorded as absorbance at 418 nm
which isproportional to thetetracycline content in
the sample. When the baselinewas reached, another
samplewasinjected.

Sample
Peristaltic J
o
H;0 Reaction Spe::;v;p}minmemr ‘.'.-J-
Coil (418mm) )
. JVL.@.__.
Fe(NO; ) l
Waste

Figure?2: Flow diagram of theFI system used
Samplespreparation

Four commercial samplesof pharmaceutical for-
mulations (cap-sules) containing 500 mg and 250mg of
tetracycline hydrochloride different brands and com-
panieswere anaysed by the proposed method.

Hnalytical CHEMISTRY o

Preparation of the samplesinvolved thefollowing
procedure; ten capsules were opened and their con-
tentswereweighed and mixed well. Then apowder,
equivalent to thewei ght of onecapsulewasaccurately
weighed into a100ml volumetric flask, 50 mL of dis-
tilled water was added, shaken meticuloudy todissolve,
filled and mixed totally. The solutionwasthen filtered
through Whatman 41 filter-paper. Thefirst few millili-
tersof thefiltratewere discarded and anaiquot of 2.0
mL of thefiltratewastransferred toa100 mL volumet-
ric flask and the volumewas compl eted with distilled
water. All sampleswere anayzed accordingto therec-
ommended procedure.

RESULTSAND DISCUSSION

Through al thethirty- six yearsof development of
FIA, UV-visspectrophotometry hasbeen and currently
isthemost common detectionusedinHA. UV-Visspec-
trophotometry is the technique of choice for FIA
pharmaceuti-cal applications, as it offers the advantages
of smpleandlow cost instrumentsthat areavailableat
al laboratories?.

Theideaof the present work isbased onthereac-
tionof tetracyclinewith ferric nitrateto formasteblecol-
ored product which has maximum absorptionat 418nm
asshownintheabsorption spectra(Fgure 3), usng S0ug
of tetracyclineand 2.5%ferric nitrate. Thismethod was
adapted for the determination and automation of tetra-
cyclinein different pharmaceutica drugsusing spectro-
photometricflow-injectionandysis(FIA) technique.
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Figure 3: Absorption spectra of thereaction product be-
tween TC and ferric mitrate. Tetracycline concentration
=50pg/ml
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Optimization of thechemical and FI variables

Consequently, in order to achieve reasonable sam-
pling rate, reproducible measurementsand low detec-
tionlimits, severa factorsmust beoptimized. Thesefac-
torsincludethechemical variablesandtheFl varigbles.

Dueto thefact that morethan onevariableis po-
tentially impor-tant, and that it would be difficult to op-
timizethe conditionsthrough auni-variant optimization
procedure, the experimental conditionswere obtained
using aFactoria designswhich arewidely used in ex-
perimentsinvolving severa factorsto investigatethe
effectsof thefactorson theresponse.

It isdesirableto devel op an acceptable pharma-
ceutica formulation determinationin shortest possible
timeand|ow chemicd concentration. Traditiondly phar-
maceutical formulation determinationsare devel oped
by changing one variable at a time approach. The
method istimeconsuming in fact and requiresalot of
imaginativeefforts. Moreover, it may bedifficult to de-
velop anided formulation usingthisclassicd technique
sincethejoint effects of independent variablesare not
considered. Itistherefore very essentia to understand
the complexity of pharmaceutical formulaionsby using
established dtatistical toolssuch asfactorid design. In
additiontotheart of formulation, thetechnique of fac-
torid desgnisan effectivemethod of indicatingtherda
tivesignificance of anumber of variablesand their in-
teractiong®.

Thefactoria methodsarestraightforwardtoimple-
ment and their results can bevery easily interpreted;
these methods are created to measure the additive ef -
fects on aresponse for each of the input factors. In
addition, theeffectsof interactionsbetween factorscan
alsobeinvestigated. Two level factorial designshave
many advantages in analytical procedures. In this
method, thereare comparisonsavailablefor eachmain
effect ontheexperimental results. Thetotal number of
runsinfactoriad designismuchlessascomparedto the
“one variable at a time” approach. Estimation of the
interaction of effectsisan additional advantage over
the“‘one variable at a time” approach™,

The design determineswhich factors haveimpor-
tant effectson aresponse aswell ashow theeffect of
onefactor varieswith thelevel of the other factorg®¥.
Thedetermination of factor interactionscould only be
attained using statistical designsof experiments, Snceit

—= Fyll Paper

can not be observed when the system optimization was
carried-out by varying just onefactor at thetime and
fixingthe otherd®!.

Initidly theinfluence of thevariables(ferric nitrate
concentration, flow rate, reaction coil and loop size)
wereexamined by 2* full factoria designinwhichfour
factorseach having two levelsarerunto study the ef-
fect of thefactors on theresponse. Thetwo levels of
each factor are genera coded as “-1” for the “low”
level and “+1”” for the “high” level of the factor, for this
design, 16 experimentswere necessary. Thefactorsand
levelsusedin thefactorial design are summarizedin
TABLE 1.

TABLE 1: Factorsand levelsused in thefactorial design
experiment

Factor Low level (-1) High level (+1)
Flow rate (ml/min) 0.8 15
Loop size (ul) 100 150
Reaction coil (cm) 80 120
Ferric nitrate (%) 3 5

Pareto chart (Figure 4) was plotted to check the
influenceof thefactorsand their interactionsinthesys-
temusing anaysisof variance (ANOVA) and p-values
(p>0.05). As can be seen from the Pareto chart, the
factorsferric nitrate concentration, reaction coil length
arestatigtically sgnificant at the 95% confidenceleve.
Pareto chart illustratesthe order of significance of the
variables affecting the response of the system (absor-
bance).

Pareto chartisahorizontal bar-chart. Thelength of
each bar onthe chart and their signsare proportiona to
theabsolutevalue of itsassociated estimated effect or
the standardized effect. Theimportance of each vari-
abledependsonitssignand vaue. Positivesignsindi-
catethat the absorbance signal isincreasedwithanin-
crease of thevalue of therespectivevariable (directly
proportiona) within therange studied, while negative
sgnsindicatethat theabsorbance signd isfavored with
adecrease of thevariable (inversely proportiona). If
the effect issmaller than 5% (i.e. theresulting graph
doesnot go over thevertica line), thevariation of the
response caused by changing thevariableissmaller than
the experimental error, and therefore, thevariableis
considered not to be significant.

Asseen from Pareto chart theflow rate, loop size
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and theinteractions between variablesareunder the
verticd lineso they arenot significantly important, so
theflow rate (A) andloop Size(B) werefixed at 1.5ml/
minand 150ul (high level) respectively due to the posi-
tivesgnonthevariablebar.

cp - | 2.943
D |-2.763
4 [[2.515

4B 1 |-1.825
€1 |1.623

BC 1 [1615

B 1203

BD - [-1.181

AD 1 0716
AC1 10,123

Standardized Effect
Figured: Pareto chart of sandized effectseffectsfor the Fl
system variablesusingintegrated absor bance asanalytical
response. A: flow rate(ml/min), B: loop size(ul), C: reaction
coil(cm), D: ferricnitrate(%)

Wanables and interactions

p=0.05

Thevariablesmost Sgnificant ferric nitrate concen-
tration (D) and theinteraction between reaction coil
length (C) and ferric nitrate concentration (D) were
optimized by response surface metho-dology. These
variableswerestudiedin 14 runsfor atistical vaidity
withinrange-1.41to +1.41, which correspondsto the
ferric nitrate concentration with arangeof 1.5t0 3.0%
(wiv) and reection coil withalength range 120to 160cm.

Response surface methodology (RSM) isan em-
pirical statistical technique employed for multiplere-
gression analysisby using quantitative data. It solves
multivariable datawhich isobtained from properly
designed experimentsto solve multivariable equation
simultaneously®!. The graphical representation of
their functionsiscaled Response Surface, whichwas
used to describetheindividual and cumulative effect
of thetest variables and their subsequent effect on
the response. Easy way to estimate Response Sur-
face, Factoria designsisthemost useful schemefor
the optimi zation of variableswith alimited number of
experiments®,

Response surface methods are of ten empl oyed af-
ter ascreening of important factors, usudly by performing
apreviousfactorial design, whichindicated acurva-
ture™!. Thisstatistical designisusedto examinethe
rel ation ship between one or moreresponse variables
and asat of quantitativeexperimental factors. After thet,

itisnecessary to find thefactor settingsthat optimize
the response®,

The response surface metho-dology (Figure 5)
showed an optimum value of 2.5% (w/v) and 156.2cm
of ferricnitrate concentration and reaction coil length
respectively. Theoptimum values of thevariablesob-
tained aresummarizedinTABLE 2.

Absorbance

1@0

0z 140

1 Feaction coil, em
. 10

3
Fermic nitrate concentration, %
Figure5: Response surfaceplot of absorbanceagaing ferric
nitrate concentration and reaction coil length

TABLE 2: Optimized valuesof chemical and flow injection
variablesin theproposed method

Variable Optimum value
Flow rate (ml/min) 15
Loop size (ul) 150
Reaction coil (cm) 156
Ferric nitrate (%) 25

Calibration curve

Under theoptimized experimenta conditionfor de-
termination of tetracycline, alinear cdibrationcurveover
the range of 2.0-120 pg/ml (4.5*10% —2.7*10* M)
wasestablished with theregress on equationy =-0.0256
+0.0098x (correlation coefficient 0.9994), wherey
representsthe absorbance and x isthetetracycline con-
centration in partsper million. Thedetection limit (de-
fined as 3 times standard deviation) and molar absorp-
tivity werefound to bebe 1.0 ug/ml (2.25* 10°%) and
4.343x10° L/mol.cm respectively

Precision and accuracy

The precision and accuracy for the determination
of tetracyclinewere ca culated depending upon theval -
uesof therdative standard deviation percentage (RSD
%) or coefficient of variance (CV), and error percent-
age (Error %) for fivereplicatesand three concentra-
tions. TABLE 3 showstheresuilts.

Hnalytical CHEMISTRY o
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TABLE 3: Precison and accuracy of theproposed FI method

Tetracycline

. RSD% Error %
concentration (pg/ml)
2.0 1.984 2.222
50 0.6217 0.7391
120 0.4790 0.5041

Application of themethod

The proposed method was applied successfully
to thedetermination of tetracyclinein different phar-
maceutical formulaionsaslistedin TABLE 4. Thecon-
centrations of tetracyclinewere calculated from the

—— Fyll Peper

straight- line equation of the calibration curve.

Theresultswere statistically compared with that
obtained by the standard method of sodium molyb-
date method**“% assummarizedin TABLE 4. Inall
cases, the calculated t values are less than the theo-
retical ones (3.18) at 95% confidencelevel (for de-
greeof freedom equal to 3), indicating that thereisno
significant difference between either methods concern-
ing precision and accuracy in the determination of tet-
racyclinein pharmaceutical formulations. Theflow
system proposed provides asampling frequency of
60 samplesh?

TABLE 4: Determination of tetracyclinein pharmaceutical formulations

Proposed FI method Standard method  t yalue

Commer cial name of the drug Composition

Found (mg/cap.) Error% Found (mg/cap.)

SAMACYCLINE
TETRAMIN
Tetrabact
Tetramac

250mg tetracycline.HCI
250mg tetracycline.HCI
500mg tetracycline.HCI
500mg tetracycline

252.45
246.45
495,53
498.07

0.97
1.08
0.70
0.96

253.25
247.80
495.35
498.42

+1.30
-0.88
-0.93
-0.316

1.2

1.0 |

0.8 4

0.6 -

Absorbance

0.4

0.2 {

0.0

0 20 40 60 80 100 120 140

Concentration, pg/ml
Figure6: Calibration curveof determination of tetracycline
treated accor ding totheflow-injection analysissystem

CONCLUSIONS

Thedevel opment of analytical methodol ogiescan
befurther improved by the ass stance of experimental
design procedures. Even, the use of factorial experi-
mental designsrepresentsakey helpinunderstanding
not only theinfluence of several variableson anal yti-
cal systems, but also to find their trends and behav-
iors. Inthiswork application of factorial design al-
lowed the optimization of parametersthat influence
the response of flow injection spectrophotometric
method for determination of tetracycline. Employing
the Pareto chart; it was possibleto eva uate theinflu-

ence of each variable and the combination of vari-
ables on the response of the system (absorbance). It
was demonstrated that the most critical parameters
for reaching the optimum vauesareferric nitrate con-
centration and reaction coil length which were solved
by response surface metho-dology. The proposed
method issimple, unexpensive, allowsrapid determi-
nation at low costs, and shows adequate sel ec-tivity,
low limit of detection and very good precision and
accuracy. The method was successfully applied for
the determination of tetracyclinein some pharmaceu-
tical drug samples.
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