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A simple, automated, sensitive and environmentally friendly flow-injection/merging zones
technique was developed for the determination of doxycycline hyclate in raw materials
and pharmaceutical formulations. This method involves the reaction of azo metol with
doxycycline hyclate to produce a yellow dissolved complex with a max=445 nm. The
developed technique is simply and low-cost, it provides the use of an aqueous medium
that is nontoxic and causes no pollution, thereby belonging to green chemistry. The
method is sensitive, precise and accurate; the limit of detection is less than 0.3 g mL–1,
the relative standard deviation is less than 1.5% and the recovery is about 98%. Various
chemical and physical conditions that affected the reaction have been studied. An analytical
calibration curve was linear within the concentration range of 5 to 125 g mL–1. The
sample throughput is about 120 samples per hour. The proposed procedure can be
successfully applied to estimate the content of doxycycline hyclate. The results of
determination are satisfactory as compared with those given by a reference method of
British Pharmacopeia: there is no significant difference between the results obtained by
both methods regarding accuracy and precision at the 95% confidence level.
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Introduction
Doxycycline hyclate (C 22 H 24 N 2O 8HCl0.5
C2H5OH0.5 H2O, molecular weight of 512.94 g mol–1,
CAS number: 24390-14-5 [1]) is an extensive specter
anti-bacterial tetracycline derivative with a broad
range of activity against gram positive and gram
negative organisms, including Spirochetes,
Actinomyces sp., and Mycoplasma [2]. It is also a
drug aimed at treating sexually transmitted diseases
[3]. Doxycycline promotes other tetracyclines in the
management of limited infections forasmuch as of
its clearly absorption and its extended half-life, which
permits less frequent dosage [4]. Doxycycline hyclate
(DOX) is hydrochloride hemiethanol hemihydrate
of doxycycline. The synonym for doxycycline hyclate
is doxycycline hydrochloride. Doxycycline hyclate
is much more dissolvable than doxycycline
monohydrate, which is one of the chief purposes for
it more frequent employment in pharmaceutical
samples [2].
The drug is official in the British Pharmacopoeia
(BP) [1], which describes HPLC methods for the

determination of DOX either in raw material or in
pharmaceutical formulations. Several methods have
been reported for the determination of DOX in
pharmaceutical dosage forms, including cloud point
extraction [5], liquid chromatography [6], sequential
inject ion chromato graphy [7], cap illary
electrophoresis [8], spectrophotometric methods [9]
and flow-injection analysis (FIA) [10].
The chromatographic techniques [11–13] and
spectrophotometric methods [9] are most widely
used. Although the procedures are specific, most of
the described methods are time-consuming and
require multistage extraction procedures. On the other
hand, the reported spectrophotometric methods suffer
from one or the other disadvantages, such as poor
sensitivity, the use of organic solvent that affected
the environmental, the problems with extraction
taking a lot of time, and the need for scrupulous
control of experimental variables and special
equipment.
The FIA methods reported in literature are
continuous techniques which waste significant
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amounts of reagents making a noticeable pollution.
The aim of this work is to develop a simple
green analytical method with a wide concentration
range to be applicable for determination of DOX
with high accuracy and precision.
Experimental
Apparatus and manifold
Measurements were carried out on an Optima
VIS 9200 digital device with a single beam that
records absorbance in a flow cell. The flow cell
(quartz silica, 1 cm in length with internal volume
of 100 L) was inside the detection unit with the
optical path of 1 cm. The spectrophotometric device
was coupled with Siemens (Kompensograph C1032)
which gave the spectrophotometric response as a
peak height expressed in millivolts (mV).
A one-channel manifold flow injection system
was used for spectrophotometric estimation of DOX.
A power supply (Yaxun, 1501AD, China) was
equipped with a peristaltic pump (Master flex C/L,
USA). It used for pumping a carrier stream (distilled
water) which passed through the injection valve
(homemade; four-three-way injection valve that
contained two loops made of Teflon). One of the
loops carried DOX and the other carried azo metol;
they were merged in a reaction coil. The linking
tubes (used for linkage of the flow system parts) were
made of flexible vinyl with the internal diameter of
0.22 mm. The reaction coil was manufactured from
glass with the internal diameter of 2 mm. All parts
of the flow injection system are shown in Fig. 1.

Fig. 1. Developed flow injection system

A carrier stream was distilled water that was
joined with injected sample (DOX in NaOH solution)
and merged with the reagent (azo metol). Then, it
was mixed in a mixing coil. The length of the mixing
coil was 50 cm and the flow rate of distilled water (a
carrier) was 5 mL min–1. The maximum absorption
was found at the wavelength of 445 nm.
Chemicals and reagents
All the chemical materials and reagents
employed were of analytical class.
DOX stock solution (molecular weight of
512.94 g mol–1, Small Molecule Ltd, India) had a
concentration of 1000 g mL–1=19.510–4 M). To
prepare this solution, 0.1 g of pure DOX was dissolved
in distilled water and then brought up to 100 mL in
a standard flask with distilled water. Diluted solutions
of DOX were prepared by adequate diluting the stock
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standard solution with distilled water.
Metol (molecular weight of 344.38 g mol–1,
Merck). Its concentration was 310–3 M. To prepare
this solution, 0.1 g of metol was dissolved in the
smallest amount of water and then 2 mL of 0.5%
NaNO2 and 1 mL of 0.1% HCl were added in an ice
bath (0–50C) for azotizing metol. After 5–10 min,
the azotizing was completed. Then 2 mL of 2%
sulphamic acid was added to the mixture to react
with the residual of NaNO2/HCl. Further, the
volume was brought up to 100 mL in a standard
flask. A further dilution of this solution yielded the
solutions with desired concentrations [14].
NaOH (molecular weight of 40 g mol–1, BDH).
A NaOH solution (1%) was prepared by dissolving
1 g of it in 100 mL of water. Diluted solutions of
NaOH were prepared by adequate diluting the 1%
solution with distilled water.
Pharmaceutical preparations of DOX (1000 g mL–1)
Pharmaceutical formulations were gained from
trading sources. 20 capsules from four kinds of
companies were assayed by the proposed procedures.
The various providers from different companies were
as follows:
(1) Tabocine (100 mg) Tabuk Pharmceutical
Mfg.Co., Tabuk, Saudi Arabia,
(2) DuraDox (100 mg) Julphar, Gulf
Pharmaceutical Industries, Ras Al Khaimah, United
Arab Emirates,
(3) Doxycycline capsules (100 mg) actavis, New
Delhi, India,
(4) Medomycin (100 mg) Medochemie Ltd.,
Cyprus.
Each capsule (20 in total) from each source
was exactly weighed; and the weighed sample from
the capsule from each source was taken and treated
as a pure material in the procedure mentioned above.
Then, the solutions were prepared with the
concentration within the linearity of the calibration
graph.
The recovery was assessed by determining the
agreement between the measured concentration and
the final known concentration of the sample. Each
test was repeated three times. The limits of detection
(LOD) and quantification (LOQ) were estimated
according to ICH guidelines [15].
Result and discussion
Optimization of the FIA system conditions
Initial studies were directed towards the
optimization of the experimental conditions for flow
injection system–merging zones technique. A flow
diagram (Fig. 2) shows that DOX is loaded in the
first loop and azo metol with NaOH solution is loaded
in the second loop. Then, both DOX and azo metol–
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Fig. 2. Flow diagram and reaction equation

OH– are merged in the reaction coil by carrier stream
of distilled water. The reaction equation is shown in
Fig. 2.
Effect of chemical and physical variables
Effect of chemical variables (concentration of
reagent) and physical parameters (flow rate, length
of reaction coil and the injected volumes of reagent
and sample) were studied.
The effect of concentration of the reagent (azo
met ol) was studied by injecting differe nt
concentrations (0.510–4–310–4 M). The results
indicate (Fig. 3) that the concentration of 210–4 M
give the highest value of absorbance expressed as a
peak height (expressed in mV) with high repeatability.
This means a perfect reaction between DOX and
azo metol. A higher concentration of azo metol
results in a reverse reaction (according to the Le
Chatelier principle) and inhibits the favorable
response.

Effect of flow rate and sample throughput
All available flow rates were inspected for the
system under consideration (Fig. 4). As can be seen,
the «best» flow rate was 5 mL min–1, which was
enough to ensure a complete reaction between DOX
and azo metol. A higher flow rate (greater than
5 mL min–1) led to an incomplete reaction and a
lower flow rate resulted in a low samples throughput.
The sample throughput at the flow rate of
5 mL min–1 was about 120 samples per hour, the
sampling rate was calculated depending on time
required for loading the drug and the reagent to loops
of the four three-way valve plus the time required
for appearance of a maximum peak height (this time
was found to be 15 s). In addition, 15 s were required
for loading reagent and drug. Therefore, the sampling
rate was 120 samples per hour.

Fig. 4. Effect of flow rate (75 g mL–1 DOX)

Fig. 3. Influence of the concentration of azo metol
(100 g mL–1 DOX and 0.7 M NaOH) on the peak
height in flow injection system

Analytical calibration curve
A series of solutions with different DOX
concentrations (from 0.5 to 150 g mL–1) was
prepared and injected into FIA system together with
azo metol, in order to establish the optimum range
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Fig. 5. Dynamic range for reaction between azo metol and DOX and calibration curve

Table 1
Calibration table for the system DOX–azo metol–OH–

DOX
concentration
(g mL–1)
5
10
25
50
75
100
125

Peak high (mV)
26.2
46.0
123.0
255.0
378.0
488.5
646.0

26.2
47.0
123.6
255.0
376.0
488.0
646.0

29.2
51.0
122.8
257.0
374.0
487.5
652.0

Arithmetic Standard Root mean standard
mean (mV) deviation deviation, RSD (%)
27.2
48.0
123.1
255.7
376.0
488.0
648.0

of DOX concentration which can be applicable for
this method. The results obtained showed that the
«best» concentration range extended from 5 g mL–1
to 125 g mL–1 as shown in Fig. 5 and Table 1.
Analysis of variation of linear equation (ANOVA)
[16]
First, we calculated the sum of squares of the
difference between the values of yi (response) and
2
ŷi (estimated response) to obtain   yi  yˆ i  for
(n–2) degrees of freedom and get the sum of squares
(So)2. Then, we calculated the sum of squares of the
variance between the values of ŷi and average value
(due to regression) to obtain   ŷi  y 2 for (n–1)
degrees of freedom and get the sum of squares (SS)2.
Finally, we found the mean of squares (MS0) and

1.73
2.65
0.42
1.15
2.00
0.50
3.46

6.37
5.51
0.34
0.45
0.53
0.10
0.53



y  t SD

n



27.22.4
483.6
123.10.6
255.71.6
3762.7
4880.7
6484.7

(MS1). When dividing the (MSo) by (MS1), the value
(F) was got as showed in Table 2. We determined
that Fcrit(4.7)<<F(10), hence it could be concluded
that there was an important relation between the
concentration of DOX and the signal got.
Methods validation
The analytical characteristics, such as
correlation coefficient, detection limit, linear range
and relative standard deviation [17], were estimated
(Table 3). A calibration curve was constructed (the
inset in Fig. 5) for a set of DOX standard solutions.
Statistical assessment of regression line (standard
deviation for residuals (Sy/x), intercept (Sa) and slope
(Sb)) under the 95% confidence limits for (n–2)
degrees of freedom are summarized in Table 3. The
Table 2

Analysis of variation

Source of variation

Sum of squares (SS) Degrees of freedom Mean of squares (MS)

Between groups (factor)

276185.7

1

276185.7

Within groups (error)

330786.7

12

27565.6

Total

606972.3

13
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F(S12/S22)

Fcrit

10

4.7
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Table 3
Analytical characteristics of calibration curve for azo
metol–DOX system

Parameters
max (nm)
Regression equation
Dynamic range (g mL–1)
Average recovery (%)
Error (E%)
RSD (%)
Slope, b (mL g–1)
Intercept, a
Correlation coefficient (R2)
Standard deviation of slope (Sb)
Standard deviation of intercept (Sa)
LOD (g mL–1)
LOQ (g mL–1)
Sample throughput (samples per hour)

Values
445
y=5.1x–2.4
5–125
98.9
1.1
0.8
5.1
2.4
0.9982
0.005
0.005
0.2
1
120

results sho wed the high repeatability and
reproducibility of the proposed flow injection analysis.
The flow injection/merging zones analysis was easy,
accurate and rapid (sample throughput of 120 samples
per hour) and a relatively wide linear scale of
calibration curves was observed.
Study of interferences from impurities
In order to examine the selectivity of the
developed method, the interference of possible
impurities, such as starch, sucrose, fructose, glucose
and sodium citrate, was studied.
Samples of pure DOX spiked with a half, equal
and twofold excess concentrations of the selected
impurities were analyzed (Table 4). The obtained
recovery values demonstrated that there were no
interferences during the determination of DOX using
proposed flow injection methods unless the twofold
excess concentrations.
Assessment of the suggested method
To assess the success and efficiency of the
proposed method, four types of capsules containing
DOX coming from different origins (Kingdom of
Saudi Arabia, United Arab Emirates, India and
Cyprus) were analyzed by means of the developed
technique.
The capsules were prepared according to the
above-mentioned procedure. After preparing the
solution of these capsules, the proposed flow
injection–merging zones technique method was used
to estimate the DOX content in capsules and the
results are listed in Table 5. The results obtained
were compared with those obtained by applying
standard (British pharmacopoeia) HPLC method.
The calculated concentrations were practically equal
to the theoretical ones. The statistical calculations

35

Table 4
Interferences from impurities on the determination of
DOX (50 g mL–1)

Impurity
Starch

Sucrose

Glucose

Fructose
Sodium
citrate

Concentration
(g mL–1)
50
100
200
50
100
200
50
100
200
50
100
200
50
100
200

Peak
height
30.25
30.25
25
30.5
27.5
26.75
30
30
29.25
30.25
30
30.25
30.75
30.5
30

mV
484
484
400
488
440
428
480
480
468
484
480
484
492
488
480

Recovery
(%)
95.65
95.65
79.13
96.44
97.00
84.64
94.86
94.86
92.50
95.65
94.86
95.65
97.22
96.44
94.86

showed the following results with respect to the
Student’s (t-) and F-tests [16]:
tcalculated=2.21<tcrit.=2.23
(where n1=8 and n2=4, hence n1+n2–2=10);
Fcalculated=2.92<Fcrit.=8.88
(where n1–1=7 and n2–1=3 at the 95%
confidence level).
Conclusions
A few FIA methods were described in literature
for determination of DOX and most these methods
were either not precise enough or complicated and
costly. The homemade continuous flow injection–
merging zones analytical procedure can be
successfully used for the spectrophotometric
determination of DOX in pharmaceutical
formulations. Comparison between the developed
technique and the flow injection methods reported
previously showed that the proposed method is
characterized by a wider calibration range (from
5 g mL–1 to 125 g mL–1) and higher sampling
rate. Moreover, it involves the use of an aqueous
medium and do not require any sample pretreatment
or transmutation. The main advantages of the method
are its huge workings range, suitable sensitivity and
its suitability for routine examination in
pharmaceutical control laboratories. The procedure
ensures the throughput of 120 samples per hour.
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ÅÊÎËÎÃ²×ÍÎ ÏÐÈÉÍßÒÍÈÉ ÌÅÒÎÄ ÀÍÀË²ÇÓ
ÄÎÊÑÈÖÈÊË²Í Ã²ÊËÀÒÓ Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ
ÌÅÒÎÄÈÊÈ ÇÎÍ ÁÅÇÏÅÐÅÐÂÍÎ¯ ÏÐÎÒÎ×ÍÎ¯
²Í’ªÊÖ²¯/ÇÎÍ ÇËÈÒÒß Ç ÀÇÎÌÅÒÎËÎÌ Ó ÂÎÄÍÎÌÓ
ÑÅÐÅÄÎÂÈÙ²
Àññàô Õ. Òàâô³ê, Áóøðà Á. Êàññ³ì
Ðîçðîáëåíî ïðîñòó, àâòîìàòèçîâàíó, ÷óòëèâó ³ åêîëîã³÷íî ïðèéíÿòíó ìåòîäèêó çîí áåçïåðåðâíî¿ ïðîòî÷íî¿ ³í’ºêö³¿/
çîí çëèòòÿ äëÿ âèçíà÷åííÿ äîêñèöèêë³í ã³êëàòó â ñèðîâèí³ ³
ôàðìàöåâòè÷íèõ ñêëàäàõ. Ó äàíîìó ìåòîä³ âèêîðèñòîâóºòüñÿ
ðåàêö³ÿ àçîìåòîëó ç äîêñèöèêë³í ã³êëàòîì ç óòâîðåííÿì ðîç÷èííîãî êîìïëåêñó ³ç æîâòèì çàáàðâëåííÿì (max=445 íì). Ðîçðîáëåíà ìåòîäèêà º ïðîñòîþ ³ äåøåâîþ, âîíà çàáåçïå÷óº âèêîðèñòàííÿ âîäíîãî ñåðåäîâèùà, ÿêå º íåòîêñè÷íèì ³ íå çàáðóäíþº íàâêîëèøíº ñåðåäîâèùå. Ìåòîäèêà º ÷óòëèâîþ ³ òî÷íîþ ç
ìåæåþ âèçíà÷åííÿ ìåíøå, í³æ 0,3 ìêã/ìë, â³äíîñíå ñòàíäàðòíå â³äõèëåííÿ ìåíøå, í³æ 1.5%, ³ óëîâëþâàííÿ áëèçüêî 98%.
Äîñë³äæåí³ ð³çíîìàí³òí³ õ³ì³÷í³ ³ ô³çè÷í³ óìîâè, ùî âïëèâàþòü
íà ðåàêö³þ. Àíàë³òè÷íà êàë³áðóâàëüíà çàëåæí³ñòü áóëà ë³í³éíîþ
â ìåæàõ êîíöåíòðàö³é â³ä 5 äî 125 ìêã/ìë. Ïðîïóñêíà çäàòí³ñòü
ìåòîäèêè ïðèáëèçíî 120 çðàçê³â çà ãîäèíó. Çàïðîïîíîâàíà ìåòîäèêà ìîæå áóòè óñï³øíî âèêîðèñòàíà äëÿ âèçíà÷åííÿ äîêñèöèêë³í ã³êëàòó. Ðåçóëüòàòè âèçíà÷åíü áóëè çàäîâ³ëüíèìè ó
ïîð³âíÿíí³ ç îòðèìàíèìè ñòàíäàðòíèìè ìåòîäàìè, âíåñåíèìè
äî áðèòàíñüêî¿ ôàðìàêîïå¿: íå ñïîñòåð³ãàëîñÿ ñóòòºâèõ
â³äì³ííîñòåé ì³æ ðåçóëüòàòàìè, îòðèìàíèìè çà äîïîìîãîþ
îáîõ ìåòîäèê çà òî÷í³ñòþ íà 95%-âîìó äîâ³ð÷îìó ð³âí³.
Êëþ÷îâ³ ñëîâà: ïðîòî÷íà ³í’ºêö³ÿ, äîêñèöèêë³í ã³êëàò,
ìåòîë, «çåëåíà» õ³ì³ÿ, âîäíå ñåðåäîâèùå.
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A simple, automated, sensitive and environmentally friendly
flow-injection/merging zones technique was developed for the
determination of doxycycline hyclate in raw materials and
pharmaceutical formulations. This method involves the reaction of
azo metol with doxycycline hyclate to produce a yellow dissolved
complex with a max=445 nm. The developed technique is simply
and low-cost, it provides the use of an aqueous medium that is
nontoxic and causes no pollution, thereby belonging to green chemistry.
The method is sensitive, precise and accurate; the limit of detection
is less than 0.3 g mL–1, the relative standard deviation is less than
1.5% and the recovery is about 98%. Various chemical and physical
conditions that affected the reaction have been studied. An analytical
calibration curve was linear within the concentration range of 5 to
125 g mL–1. The sample throughput is about 120 samples per hour.
The proposed procedure can be successfully applied to estimate the
content of doxycycline hyclate. The results of determination are
satisfactory as compared with those given by a reference method of
British Pharmacopeia: there is no significant difference between the
results obtained by both methods regarding accuracy and precision
at the 95% confidence level.
Keyword: flow injection; doxycycline hyclate; metol; green
chemistry; aqueous medium.
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