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ABSTRACT 

A	 rapid	 flow	 injection	 (FI)	 spectrophotometric	 procedure	 for	 the	 determination	 of	 tetracycline(TC),	 chlortetracycline(CTC)	
or	oxytetracycline(OTC)	has	been	developed.	 	The	method	 is	based	on	 the	 injection	of	150	µL	standard	or	sample	solution	 into	a	
reagent	stream	of	iron	(III)	(500	µg/mL	in	5.0 ×	10-3	mol/L	HNO3)	with	the	optimum	flow	rate	of	4.0	mL/min.		The	brown	iron	(III)-
tetracycline	complex	is	monitored	at	423	nm.		The	flow	injection	system	and	the	experimental	conditions	were	optimized	by	means	
of	 univariate	 method.	 	 Under	 the	 optimum	 conditions,	 calibration	 graphs	 were	 obtained	 for	 1.0	 -	 100.0	 µg/mL	 and	 the	 detection	
limits	(s/n	=	3)	were	0.1	µg/mL	of	each	drug.		The	correlation	coefficients	were	0.995,	0.994	and	0.990	for	tetracycline,	chlortetracy-
cline	and	oxytetracycline,	respectively.		The	method	was	successfully	applied	to	the	determination	of	these	drugs	in	pharmaceutical	
formulations	with	a	sample	throughput	of	70/h.	
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INTRODUCTION

Tetracycline	 antibiotics	 are	 potent,	 broad	 spectrum	
antibacterial	agents	effective	against	a	host	of	Gram	posi-
tive	 and	 Gram	 negative	 aerobic	 and	 anaerobic	 bacteria.	
As	a	result,	the	tetracyclines	are	drugs	of	choice,	or	well-
accepted	 alternatives	 for	 a	 variety	 of	 infectious	 diseas-
es(1).  Since the first member of the tetracycline family, 
chlortetracycline	(CTC)	was	discovered	in	1948	and	eight	
TCs	have	become	commercially	available.		Of	these	TCs,	
tetracycline(TC),	 oxytetracycline	 (OTC)	 and	 chlortetra-
cycline	 (CTC)	 are	 commonly	 applied	 to	 food-producing	
animals	 (including	 honeybees)	 as	 veterinary	 drugs	 and	
feed	 additives	 because	 of	 their	 broad	 spectrum	 activ-
ity	and	cost	effectiveness(2).		Various	methods	have	been	
developed	for	their	determination	both	in	pharmaceutical	
preparations	and	biological	samples	including	UV-visible	
spectrophotometry(3-5), fluorimetry(6-9),	 electrochemi-
cal	method(10-13), an immunoaffinity-based procedure(14),	
liquid	chromatography(15-18),	capillary	electrophoresis(19)	
and	chemiluminescence(20-23).

A method based on the flow injection (FI) is a well-
known	 technique	 that	offers	 improvement	 in	most	batch	
methods,	providing	high	sample	 throughput	 rate,	 simple	
sample	preparation	and	instrumentation(24).		The	spectro-
photometric	 FI	 method	 detections	 for	 tetracyclines	 and	
its	 derivatives	 are	 based	 on	 their	 abilities	 to	 bind	 with	

metals	 such	 as	 iron(4,5),	 copper(25)	 and	 aluminium(26).	
However,	these	methods	have	limited	concentration	range	
and	detection.

This	 paper	 examines	 a	 rapid,	 sensitive	 and	 repro-
ducible flow injection method for determination of tetra-
cycline,	 chlortetracycline	 or	 oxytetracycline	 based	 on	
the	 spectrophotometric	 detection	 of	 the	 soluble	 brown	
complex	 formed	by	 the	 reaction	between	each	drug	and	
iron	 (III)	 in	 acidic	 solution.	 	 Result	 of	 	 this	 complex	 is	
monitored	 at	 423	 nm.	 	 Under	 the	 optimized	 conditions,	
these	 drugs	 were	 determined	 within	 the	 reasonable	
concentration	range	and	 the	optimum	limit	of	detection.	
The proposed method has significantly improved both 
working	range	and	limit	of	detection.

MATERIALS AND METHODS

I. Chemicals and Reagents

All	 chemicals	were	of	 analytical	 reagent	 grade	 and	
were used without further purifications.  All solutions 
were	prepared	with	distilled	deionized	water.

The	hydrochlorides	of	tetracycline	(TC),	chlortetra-
cycline	(CTC)	and	oxytetracycline	(OTC)	were	purchased	
from Sigma (Poole, Dorset, UK).  Stock standard solu-
tions	 (100	 µg/mL)	 were	 prepared	 by	 dissolving	 0.1000	
g	 of	 each	 drug	 in	 water	 and	 diluting	 to	 1000	 mL	 with	
water.		The	iron	(III)	solution		(500	µg/mL)	was	obtained	
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by	dissolving	4.3	g	of	NH4Fe(SO4)2.12H2O	(Fluka,	Gill-
ingham,	Dorset,	UK)	and	diluting	to	1000	mL	in	a	volu-
metric flask with  5.0 ×	10-3	mol/L	nitric	acid.

II. Apparatus

The flow injection manifold consisted of a peri-
staltic	 pump	 (Eyela® MP3A, Tokyo Rikakikai Co. Ltd., 
Japan),	and	the	sample	or	standard	solution	was	injected	
via a four-way PTFE rotary valve with a 150 µL sample 
loop	(Rheodyne® model 5041, Cotati, CA).  PVC tubing 
(Elkay,	 Galway,	 Ireland)	 with	 0.8	 mm	 i.d.	 was	 used	 as	
a flow line for an ammonium iron (III) sulfate reagent, 
followed	 by	 injection	 of	 the	 sample	 or	 standard	 into	 an	
ammonium	iron	(III)	sulfate	in	acidic	solution.		A	mixing	
coil used was made from PTFE tubing, 0.8 mm i.d. and  
75 cm in length for the recommended configuration.  The 
FI	 peaks	 were	 acquired	 by	 using	 a	 UV-visible	 detec-
tor (Thermo Separation Product, TSP UV-2000, USA), 
coupled	 with	 a	 chart	 recorder	 (Kipp	 &	 Zonen®	 BD50,	
The	Netherlands).

III. Recommended Procedure

Using	 the	FI	manifold	shown	in	Figure	1,	a	150	µL	
sample	 or	 standard	 solution	 containing	 tetracycline,	
chlortetracycline	 or	 oxytetracycline	 was	 injected	 into	
ammonium	 iron	 (III)	 sulfate	 (500	 µg/mL)	 in	 5.0	 ×	 10-3	
mol/L	nitric	 acid	 (HNO3) with an optimum flow rate of 
4.0 mL/min.  Subsequently, the sample zone flowed 
through	 the	 75	 cm	 in	 length	 of	 reaction	 coil,	 where	 the	
complexation	 occurred.	 	 The	 absorption	 was	 monitored	
by	the	detector	at	423	nm	and	the	FI	signal	was	recorded	
on	a	chart		recorder.

IV. Sample Preparation

The	 contents	 within	 the	 pharmaceutical	 capsule	
were	 250	 mg	 tetracycline	 hydrochlorideTM	 (tetracycline	
hydrochloride)	 and	 250	 mg	 aureomycinTM	 (chlortetra-
cycline	 hydrochloride).	 	 The	 powder	 of	 twenty	 capsules	
of	each	drug	was	weighed	individually,	then	ground	and	
mixed	well.	 	An	amount	of	each	drug	equivalent	 to	one	
capsule	 was	 accurately	 weighed	 and	 dissolved	 in	 water	

by sonication in a 250 mL volumetric flask and diluting 
with	 water	 to	 250	 mL.	 	 For	 50	 mg/mL	 oxytetracycline	
hydrochloride	 for	 injectionTM	 (oxytetracycline	 hydro-
chloride	 for	 injection),	 transfer	 an	 accurately	 measured	
volume	 of	 injection,	 equivalent	 to	 250	 mg	 of	 oxytetra-
cycline hydrochloride, to a 250 mL volumetric flask and 
diluting	with	water	to	250	mL.	 	The	dissolved	drug	was	
filtered through Whatman No1 filter paper and diluted 
with	water	to	volume	to	obtain	the	appropriate	concentra-
tion	for	analysis.

RESULTS AND  DISCUSSION

Tetracycline,	 chlortetracycline	 or	 oxytetracycline	
reacted	with	iron	(III)	forming	a	soluble	brown	complex.	
The	 metal	 ligand	 ratio	 was	 found	 to	 be	 1:2	 using	 mole	
ratio	and	continuous	variation	method.		The	intense	solu-
ble	brown	complex	formed	by	complexation	between	iron	
(III)	 and	 tetracycline,	 chlortetracycline	 or	 oxytetracy-
cline	led	to	the	basis	for	the	spectrophotometric	determi-
nation	of	these	drugs	under	the	maximum	absorbance	at	
423	nm.

The proposed flow system was developed and opti-
mized	by	a	univariate	method.		The	variable	by	variable	
method	was	applied	to	select	the	optimum	conditions	for	
the flow injection spectrophotometric determination of 
tetracycline,	 chlortetracycline	 or	 oxytetracycline.	 	 For	
this	 method,	 the	 values	 of	 variable	 was	 changed	 while	
maintaining	 the	other	variables	 at	 their	 constant	values.		
Afterwards,	another	variable	was	studied	by	maintaining	
that	variable	at	its	optimum	value.		The	optimum	values	
were	selected	from	the	appropriate	absorption	intensity.	

I. Effect of Iron (III) Concentration

The	 effect	 of	 varying	 concentration	 of	 iron	 (III)	
solution	between	100	 -	 900	µg/mL	was	 examined.	 	The	
appropriate	 peak	height	was	obtained	when	 the	 concen-
tration	 of	 iron	 (III)	 in	 acidic	 solution	 was	 500	 µg/mL	
and	was	therefore	chosen	as	the	optimum	concentration.	
However,	 further	 increase	 in	 iron	 (III)	 concentration	
caused	the	peak	height	 to	decrease	gradually	 to	900	µg/
mL	(Figure	2).

II. Effect of Mineral Acids

The	 effect	 of	 5.0 ×	 10-3	mol/L	 	HNO3,	HClO4,	HCl,	
H2SO4	and	H3PO4	in	iron	(III)	solution	was	studied.		The	
relative	 peak	 heights	 were	 100.0,	 61.5,	 53.8,	 46.2	 and	
23.1%,	respectively.		Yielding	the	peak	height,	HNO3		was	
chosen	for	subsequent	studies.	

The	concentration	of	HNO3	in	iron	(III)	solution	was	
optimized.	 	Various	concentrations	over	 the	 range	5.0 ×	
10-5	 -	 5.0 ×	 10-1	mol/L	were	 investigated.	 	 It	was	 found	
that	 the	 peak	 height	 increased	 with	 increasing	 HNO3	
concentration	 and	 reached	 a	 maximum	 peak	 height	 at	

Figure 1. Proposed FI manifolds, R1, acidic iron (III) reagent; P, 
pump;	S,	tetracycline,	chlortetracycline,	oxytetracycline	or	sample	
solution;	MC,	mixing	coils;	D,	detector;	R,	recorder;	W,	waste.
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5.0 ×	10-3	mol/L,	above	which	the	peak	height	decreased.		
The	5.0 ×	10-3	mol/L	HNO3		was	used	subsequently	due	
to	the	stability	of	tetracycline	under	the	acid	media.		The	
results	 received	 by	 the	 proposed	 method	 were	 in	 good	
agreement	with	those	studied	by	Liawruangrath	et al.(26)	
and Pena et al.(27).

III. Effect of Mixing Coil Length and Injection Loop Volume

This	 study	 was	 carried	 out	 at	 various	 mixing	
coil	 lengths	 between	 25	 and	 125	 cm	 and	 injection	 loop	
volumes	 between	 50	 and	 250	 µL	 on	 the	 complexation	
produced	were	 investigated.	 	 It	was	 found	 that	 the	peak	
height	increased	with	the	mixing	coil	length	up	to	75	cm,	
and	the	mixing	coil	lengths	of	25,	50,	75,	100	and	125	cm	
provided	the	peak	height	of	10.08,	11.10,	11.24,	7.32	and	
6.72	mV,	respectively.	

With	 respect	 to	 the	 effect	 of	 the	 injection	 volume,	
it	was	seen	 that	 the	peak	height	 increased	from	18.10	 to	
26.72	 mV	 on	 increasing	 the	 injection	 volume	 from	 50	
to	 250	 µL.	 	 The	 maximum	 peak	 height	 was	 obtained	 at	
150	µL.		The	most	suitable	mixing	coil	length	and	injec-
tion	 loop	volume	values	 for	 further	use	were	75	cm	and	
150	µL,	respectively,	at	which	the	dispersion	of	FI	system	
is	very	low(24).

IV. Effect of Reagent Flow Rate

The flow rate of iron (III) reagent was investigated 
based	 on	 the	 determination	 of	 tetracycline.	 	 The	 peak	
height increased from the flow rate of 2.0 to 4.0 mL/
min	 and	 reached	 the	 maximum	 at	 4.0	 mL/min,	 while	 it	
decreased rapidly from the flow rate of 5.0 - 6.0 mL/min	

(Figure	3).		As	a	compromise	between	sensitivity,	sample	
throughput	 and	 reagent	 consumption	 which	 4.0	 mL/min	
iron (III) solution was regarded as the optimum flow rate, 
which	disregarded	the	Schlieren	effect	of	FI	system(24).

V. Analytical  Characteristics

Analytical	 characteristics	 for	 tetracycline,	 chlor-
tetracycline	 and	 oxytetracycline	 were	 studied	 under	 the	
optimum	conditions	(Table	1).

VI. Calibration Graph

Under	 the	 optimum	 conditions,	 linear	 calibra-
tion	graphs	were	obtained	for	1.0	-	100.0	µg/mL	of	each	
tetracycline.	 Over	 the	 above	 concentration	 range,	 linear	
regression	analysis	of	the	peak	heights	in	mV	of	each	drug	
(y)	versus	each	drug	concentration	(x)	yield	equations	A,	
B	and	C	for	 tetracycline,	chlortetracycline	and	oxytetra-
cycline,	 respectively.	 	 (A;	y	=	1.29x	–	0.46,	B;	y	=	1.32x	

Figure 2. Effect	of	iron	(III)	concentration	on	the	mean	of	peak	
height	(n	=	5)	of	10	µg/mL.
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Figure 3. Effect of flow rate on the mean of peak height (n = 5)  of 10 
µg/mL.
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Table 1. Variable	ranges	and	optimum	conditions	for	the	determina-
tion	of	tetracycline,	chlortetracycline	and	oxytetracycline

Parameter studied Range	studied Optimum	level	

Wavelength	(nm) 350	–	550 423

Iron	(III)	concentration	(µg/mL) 100	–	900 500

Type	of	acid	 HNO3,	HCl,	
H2SO4,	H3PO4,	

HClO4

HNO3	

	

HNO3	concentration	(mol/L) 	

Mixing	coil	length	(cm) 25	–	125 		75

Sample	injection	volume	(µL) 50	–	250 150

Flow	rate	of	iron	(III)	(mL/min) 2.0	–	6.0 			4.0

Detector	:		UV-visible	detection	unit

														:	Rise	time	(sec) – 			1.0

														:	Display – AU

														:	Range	(AUFS) – 			0.20

														:	Temperature – Room	
temperature	

5.0	×	10-5
	–	5.0	×	10-1 5.0	×	10-3
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–	0.17,	C;	y	=	0.63x – 0.15)  The correlation coefficients 
were	0.995,	0.994	and	0.990	for	tetracycline,	 	chlortetra-
cycline	 and	 oxytetracycline,	 respectively.	 	 It	 was	 found	
that	chlortetracycline	exhibited	slightly	higher	sensitivity	
(defined as the slop of calibration graph) than tetracycline 
and	oxytetracycline.		The	detection	limit	of	each	drug,	the	
concentration	of	analyte	that	gives	a	signal	different	from	
the	blank	by	an	amount	equal	to	three	times	the	standard	
deviation	 of	 the	 blank	 signal	 (s/n	 =	 3),	 was	 found	 to	 be	
0.10 µg/mL.  The quantitation limits (defined as ten times 
standard	deviation)	were	0.92	µg/mL.		

VII. Reproducibility and Accuracy

The	 relative	 standard	 deviation	 of	 the	 proposed	
method	(peak	height	in	mV)	calculated	from	12	repeated	
injections	of	10.0	and	25.0	µg/mL	of	 tetracycline,	chlor-
tetracycline	or	oxytetracycline	was	2.41%,	1.39%;	1.85%,	
0.48%	and	1.90%,	1.80%,	respectively.	 	Accuracy	of	 the	
methods	was	determined	by	replicate	injections	(n	=	12)	
of	 150	 µL	 aliquots	 of	 commercial	 drug	 sample	 solution	
spiked	with	the	drug	studied.		After	measurement	of	the	
peak	height,	 the	recovery	of	each	spiked	standard	drugs	
were	 calculated.	 	The	percentage	 recoveries	of	10.0	 and	
25.0	 µg/mL	 (n	 =	 12)	 of	 tetracycline,	 chlortetracycline	
or	 oxytetracycline	 were	 found	 to	 be	 97.33%,	 101.33%;	
104.14%,	98.88%	and	103.80%,	101.33%,	respectively.		It	
can	be	seen	that	 the	proposed	method	provided	accurate	
results.

VIII. Interferences

The	 effect	 of	 various	 possible	 excipients	 (e.g.	
glucose,	 sucrose,	 lactose,	 maltose,	 cellulose,	 fructose	
and	starch)	were	 investigated	with	metal	 ions	which	are	
known	 to	 react	 with	 tetracycline(23).	 	 Synthetic	 sample	
solutions	containing	15	µg/mL	of	each	drug	and	different	
concentration	 of	 the	 other	 compounds	 were	 tested,	 and	
the	peak	heights	obtained	were	measured.	 	 It	was	 found	
that	glucose,	sucrose,	lactose,	maltose,	cellulose,	fructose	
and	starch	had	no	effect	on	the	determination	of	tetracy-
clines	 chlortetracycline	or	oxytetracycline	 even	 through	
they	were	present	at	a	10	or	20	times	weight	ratio	to	each	
drug.		Most	cations	interfered	and	interestingly	the	most	
serious	 interference	were	 from	copper,	zinc,	 lead,	calci-
um,	magnesium,	manganese,	iron	(II),	stannous	and	arse-
nic	 for	chlortetracycline	and	oxytetracycline	determina-
tion.	 	 However,	 only	 stannous	 and	 arsenic	 had	 serious	
effect	on	the	determination	of	tetracycline	(Table	2).

IX. Application

The	proposed	FI	procedure	was	applied	to	the	deter-
mination	 of	 tetracycline,	 chlortetracycline	 or	 oxytet-
racycline	 in	 commercial	 pharmaceutical	 formulations	
after	appropriate	sample	pretreatment.	 	The	results	were	
compared	with	 those	declared	on	 the	 formulation	 labels	

and with those obtained by using the official method of 
pharmacopoeia(28).	 	 The	 drug	 contents	 of	 tetracycline,	
chlortetracycline	 or	 oxytetracycline	 were	 found	 to	 be	
276.0	±	3.5,	250.1	±	1.7	mg	per	capsule	and	292.9	±	2.7	
mg	per	injection	(n	=	7)	using	this	proposed	method	and	
273.0	±	2.0,	253.8	±	2.3	mg	per	capsule	and	301.9	±	4.4	
mg per injection (n = 7) using the official method.  The 
results	 obtained	 by	 both	 methods	 were	 compared	 favor-
ably by the student t-test at 95% confident level.  Interest-
ingly,	 this	 proposed	 method	 might	 be	 more	 appropriate	
for	pharmaceutical	capsule	than	pharmaceutical	injection	
because	 of	 excipients	 which	 possibly	 present	 in	 formu-
lations,	 including	 metal	 ions	 causing	 interference	 for	
oxytetracycline	determination	(Table	3).

Table 2. Effect	of	ions	on	the	peak	height	of	tetracycline,	chlortetra-
cycline	and	oxytetracycline,	measured	by	comparing	with	15	µg/mL	
of	each	drug

Interferences Relative	of		peak	height	(%);	n	=	5

(µg/mL) Tetracycline Chlortetracycline Oxytetracycline

No	Ions 100 100 100

Cu2+				(5)
Cu2+		(50)
Cu2+		(75)

-
-

62.96

8.28
6.02

-

11.31
9.61

-

Zn2+				(5)
Zn2+		(50)
Zn2+		(75)

-
-

56.52

9.25
6.02

-

13.76
8.67

-

Pb2+				(5)
Pb2+		(50)
Pb2+		(75)

-
-

57.69

8.06
6.67

-

13.67
6.97

-

Ca2+				(5)
Ca2+		(50)
Ca2+		(75)

-
-

57.32

8.17
6.67

15.46
8.67

Mg2+				(5)
Mg2+		(50)
Mg2+		(75)

-
-

50.44

7.53
6.02

-

13.57
9.43

-

Mn2+				(5)
Mn2+		(50)
Mn2+		(75)

-
-

49.78

8.39
5.59

-

9.80
5.47

Fe2+				(5)
Fe2+		(50)

84.70
55.78

8.17
5.38

14.51
5.28

Sn2+				(5)
Sn2+		(50)

7.32
5.56

7.53
6.24

15.08
5.66

As3+				(5)
As3+		(50)

6.00
5.86

8.82
6.02

16.78
8.48
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CONCLUSIONS

The	 proposed	 FI	 spectrophotometric	 method	 has	
proven	 to	 be	 simple	 and	 sensitive	 for	 the	 determina-
tion	 of	 tetracycline,	 chlortetracycline	 and	 oxytetracy-
cline.	 	The	calibration	graph	 remains	 linear	 in	 the	useful	
range	 for	 quantitation	 of	 each	 drug	 in	 pharmaceutical	
preparation.		The	detection	limit	of	the	method	was	more	
reasonable	 than	 those	 reported	 for	 spectrophotometry(3-
5), fluorimetry(6,7),	 liquid	 chromatography(15),	 FI-electro-
chemical	 method(11-13),	 FI-capillary	 electrophoresis(19)	
and	FI-chemiluminescence	method(21,23).	 	This	method	 is	
fast	and	economic,	providing	a	good	sample	frequency	of	
70/h,	and	should	be	useful	for	routine	analysis	for	tetracy-
cline,	chlortetracycline	or	oxytetracycline	in	pharmaceuti-
cal	formulations.		Thus,	the	determination	of	tetracycline,	
chlortetracycline	or	oxytetracycline	by	using	 this	method	
might	be	applied	for	drug	quality	control	and	stability	test.
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