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Abstract
Enzymes are biological catalysts (as well referred as biocata-
lysts) that assist live organisms speed up biochemical reactions. 
They can be separated from cells and cells. A wide spectrum 
of catalysts are involved to catalyze. of economically relevant 
techniques were applied. The current project aims to create a 
new spectroscopic method for measuring doxycycline in large 
amounts and in pharmaceutical form. The proposed approach 
involves oxidizing doxycycline with 2-aminophenol in the ex-
istence of hydrogen peroxide as well as the enzyme peroxi-
dase to create a brightly colored molecule with an absorbance 
values of 408 nm. To achieve the highest color intensity, the 
reaction conditions are tuned. It was discovered that as the 
concentration of doxycycline was raised, the absorbance in-
creased linearly. In the range (2-40 μg / mL), systems conform 
with Beer’s law. The coefficients of correlation were found to be 
0.9994.According to calculations, Sandal sensitivity is 0.00076 
g/cm2.The analysis and recovery studies of these approaches 
were statistically validated. Pharmaceutical preparations are 
subjected to the technique. 0.047 is the percentage of relative 
standard deviations. Recovery studies were used to assess the 
accuracy, which revealed that are were99.66, 99.5and 100.62.
The usual excipients included in pharmaceutical formulations 
did not cause any interference. The established procedures are 
sensitive, simple, additionally repeatable, as well can be utilized 
for routine doxycycline analysis in various pharmacological 
dosage forms. 
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Introduction
Bacteriostatic characteristics of doxycycline 

against a wide spectrum of gram-positive additionally 
gram-negative microorganisms. It’s typically used to 
treat infections of the respiratory tract, urinary tract, 
as well as gastrointestinal (GI) tract. 1The standard 
first-day doxycycline dosage is 200 mg doxycycline 
base (equal to 230.8 mg doxycycline hyclate) either as 
a single dosage or throughout the course of the first 
day. After that, a everyday dosage of 100 mg is giv-
en (equal to 115.4 mg doxycycline hyclate). 2 Must 
children weighing less than 45 kg, an initial dosage of 
around 4 mg/kg/day joined by 2 mg/kg/day may be 
administered, with the drug’s effects on bones and 
teeth to be considered. 1, 2 In extreme cases, such as 
in patients with sensitive gonococci infections, a daily 
dose of 200 mg of doxycycline is maintained through-
out treatment. A daily dosage of 300 mg for 15 days 
may be given in specific instances, like syphilis. 2 Ac-
cording to the world health organization’s important 
medicines list. 3 100 mg doxycycline hydrochloride 
capsules or pills can be utilized as an antibacterial. 4 
doxycycline (hydrochloride) capsules or dispersible 
tablets (monohydrate) containing 100 mg doxycy-
cline hydrochloride can be utilized in combination 
with quinine to treat malaria, and 100 mg doxycycline 
hydrochloride capsules or tablets can be advised for 
malarial prophylaxis. 4Therapeutic index and toxic-
ity doxycycline has a high effect therapeutic index, 5 
by using the US FDA classification, and blood levels 
are rarely monitored. The LD50 in rats was found to 
be 262 mg/kg. 6 There have been no serious negative 
effects associated with the utilize of doxycycline. GI 
problems are typical after oral administration of ther-
apeutic dosages of tetracycline antibiotics; neverthe-
less, doxycycline has the fewest GI adverse influences 
of the tetracycline antibiotics. 2The tetracycline anti-
biotic doxycycline hyclate, on the other hand, is the 
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most likely to cause esophageal ulcers, especially when 
taken as a capsule. 2, 7–9 In patients at high danger of 
esophageal studies, doxycycline monohydrate may be 
a better option than doxycycline hyclate since it is less 
acidic. 10Doxycycline, like other tetracycline antibiot-
ics, can build up in highly calcium tissues like bones 
additionally teeth throughout development, causing 
yellow as well as brown discoloration as well as enamel 
hypoplasia in children’s teeth. 2 Doxycycline accumu-
lation in the skin has also been linked to photosensi-
tivity reactions (mostly phototoxic additionally in rare 
cases, photo allergenic). 1, 11, 12.Antibiotics containing 
tetracycline should not be given to persons who have 
renal failure, kidney disease, or specifically renal in-
sufficiency In general, the number thirteen. However, 
because to their limited renal clearance, doxycycline 
or minocycline are preferred if such a patient necessi-
tates tetracycline treatment. 2Studies have shown that 
at typical therapeutic dosages, doxycycline does not 
precipitate in patients with renal impairment. People 
with porphyria should avoid taking doxycycline.2, 13, 14 
Symptoms of overdosing on tetracycline antibiotics, 
such as doxycycline, include nausea, vomiting, and 
diarrhea. 2Excessive doxycycline use has been linked 
to kidney, liver, damage, as well as pancreatitis in rare 
cases. 15 Over dosage with the oral doxycycline formu-
lation should be managed symptomatically, with gas-
tric lavage as a last resort. 

Preparing of solutions
The solutions used in the research were prepared 

as follows: 
A standard solution of doxycycline 500ppm, 

2-aminophenol reagent at a concentration of 1%, hy-
drogen peroxide at a concentration of 0.01M, buffer 
(pH 7.0) potassium phosphate) 0.05M, and peroxidase 
enzyme at a concentration of 5.5×10-5M. 

General assay procedure
Doxycycline 1 ml, 1.5 ml H2O2 (0.01 M), 1.6 ml 

enzyme, 3 ml buffer (pH= 7.0) solution, and 2 ml 
2-amino phenol were introduced to a series of 25 ml 
calibrated flasks and brought up to volume with buf-
fer. For 25 minutes, the tubes were incubated at 20°C. 
At 408 nm, the absorbance of the colored chromo-
genic was evaluated against a reagent blank made in 
the same way but without the medication. The related 
calibration curve was used to calculate the quantity of 
medication in the sample solution. 

Solution of pharmaceutical preparations of 
doxycycline

For the analyses of doxycycline in pharmaceu-
tical dose forms, there are three brands available 
commercially (Doxydar, Doxylek, Doxycycline). 
The solution of the preparation is prepared as 
the following: 10 capsules are weighed from each 
preparation, then the average weight of the capsule 
is calculated, then the weight is extracted from the 
weight, dissolved in alcohol, and the volume is re-
duced to the mark. 

Results and Discussion

Study of the prefect reaction Conditions: 
The influence of several prefect reaction Con-

ditions on the absorption power of the synthesis of 
colored product is achieved, as well as reaction con-
ditions are ideal. 

1-Effect of buffer
Every enzyme has a specific pH range in which it 

is most active. This’ pH optimum’ can be caused by a 
different of variables, containing the structure as well 
ionic state of the enzyme, substrate, or cofactors. The 
effect of buffer volume was investigated by ingesting 
different volumes of it (1-6ml), with the best absor-
bency at volume 3ml and a reduction in absorbance 
beyond this volume. 
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Figure1: Effect of buffer

1-Effect of temperature
The proposed method was tested at various 

temperatures, and it was discovered that the tem-
perature stayed constant in the range of 25-40°C, 
possibly due to the colored product dissolving with 
increasing temperature, while the colored solution 
absorption was highest at a temperature of 20°C, so 
that was chosen as the optimum temperature for 
the reaction. 
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Figure 2: Effect of temperature

2-Effect of time 
With all other variables held constant, the influence of 

incubation time on the generation of maximum color was 
examined. The contents of the reaction mixture were kept 
at laboratory temperature for up to 35 minutes in all of the 
techniques mentioned. Absorbance is measured at differ-
ent standing time intervals while the reaction temperature 
is 25°. The maximum absorbance was discovered when the 
standing duration was 20 minutes. The above-mentioned 
incubation times have been chosen for future studies. 

 
Figure3: Effect of time

2-Effect of peroxidase enzyme
The effect of altering the enzyme size was investigated 

by measuring the absorbance over a range of (0.05- 4ml), 
with the best absorbance appearing at volume 2ml, and 
subsequently a drop in the absorbance values, which is 
due to the saturation of the enzyme sites with the substrate. 

 
Figure 4: Effect of peroxidase enzyme

3-Effect of Hydrogen peroxide
In the range of 0.01 M hydrogen peroxide volume, the 

effect on the rate of reaction was evaluated (0.05 – 4.ml). 
The rate of reaction increased with increasing hydrogen 
peroxide volume until it reached a plateau at 1.5 ml. The 
initial rate remained unchanged beyond this volume. As 
a result, all of the determination techniques should use 
the same volume of 0.01 M hydrogen peroxide. 
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Figure 5: Effect of hydrogen peroxide

5-Effect of reagent(2-amino phenol) 
With varied volumes (0.05 -4.ml) of 1% 2-AP, the 

influence of volume on color development of the prod-
uct in technique was tested. With 1.5ml of 1 2-AP, the 
highest absorbance was achieved. Above this volume, 
there is no change in absorbance. 
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Figure 6: Effect of 2-AP

6-Sequence of addition
The author conducted a series of tests to see if the 

sequence in which reactants are added affects the ab-
sorbance of colored products. In the determination of 
doxycycline using H2O2/ HRP, buffer, and 2- AP, the 
correct order or addition of reactants is important. 
Table1
Sequence of addition of doxycycline

No. order of addition Absorbance
1. D+B+R+P+E 0.258
2. D+R+B+P+E 0.315
3. D+P+E+B+R 0.815
4. P+E+R+B+D 0.135
5. R+D+B+P+E 0.504
6. B+R+P+E+D 0.088

*D-Drug, B-Buffer, R-Reagent, E-Enzyme, P-hydrogen Peroxide 
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Absorption Spectra
Before preparing the calibration curve, the maxi-

mum wavelength of absorbance was tested under the 
optimum working conditions reached in the previous 
experiments. The absorbance of the mixture against 
the form solution was measured in the same way with-
out adding the drug solution (hydrogen peroxide, 
peroxidase enzyme, buffer solution, and reagent) in 
the length range. Wavelength between (190-800) nm, 
where the colored product showed the highest absor-
bance at 408 nm, while the blank solution had a weak 
absorption at this wavelength as shown in Figure, so 
this wavelength was chosen in the construction of the 
calibration curve

Figure 7: Absorption Spectrum of The Sample (A), Blank (B) and 
doxycycline Pure (C) 

Calibration Curve
Using the optimum conditions, a series of solu-

tions were prepared containing different volumes of 
doxycycline (0.1-2mL) per concentration (500μg/
mL) in a volumetric flask of 20 ml with the addition 
of 1.5 ml of hydrogen peroxide, 2ml of enzyme, 3 ml 
of buffer, and finally the 2-AP 1.5 ml at a tempera-
ture of 20 ° C and after 35 minutes were measured 
Solutions and found that the curve obeys Beer’s law 
at concentrations (2-40μg/ml) with R2 of 0.9994. 
The absorptivity of the Yellow product formed is 
found to be

0.6 y = 0.013x + 0.0212 
R² = 0.9994

0.4
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Figure 8: Calibration Curve of doxycycline

Table 2
Analytical prefect conditions or investigating (DOXY.) 

parameters Values
beer’s law limit (μg/mL) (2-40) 
Molar Absorptivity (L / mol. cm) 5.77×103

Sandell’s sensitivity (μg/cm2) 0.00076
(LOD)) μg/mL 1.61
(LOQ) μg/mL 5.38
R. S. D% 0.047
 R2 0.9994
Slope 0.013
Intercept 0.0212

LOD and LOQ
The detection limit (LOD) as well quantification 

limit (QL) of the proposed processes were measured 
to determine their sensitivity (LOQ). The lowest ob-
servable concentration of the analytic by the system 
is LOD, while the lowest measurable concentration is 
LOQ. Equations were used to calculate LOD and LOQ: 

 LOD=3SD/S SD=standard deviation, S=slop

 LOQ=10SD/S

Precision and Accuracy
To calculate the precision as well accuracy of stud-

ied process, Precision determined first utilizing three 
replicates at concentrations of6, 20and 32ppm doxy-
cycline. 

 E % = [(x – x°) / x°] × 100

 X = measured value, x° = true value

 Rec. % = 100 ± E% (2) 

1
Xi X

SD
n

 (3) 

SD = Standard deviation

% 100SDRSD
X

(4) 

pharmaceutical preparation
As the preparations solutions were made, the pro-

posed developed method utilized in spectroscopic 
evaluation of doxycycline was employed in its phar-
maceutical preparations, according to what is acces-
sible in local markets and from diverse origins, as 
shown in(Table 4) The pharmaceutical was made as 
previously indicated in the practical section, and three 
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solutions with various concentrations for each sub-
stance were prepared. The method for determining 
the medication in the preparations was calculated for 
accuracy and precision. The acquired results demon-
strated that the proposed procedure could be applied 
to the medication in its pharmaceutical forms. 

Interferences Effect
The effect of interactions was studied by con-

ducting a spectral estimation of the determining me-
dicinal compounds as well as adding the substances 
individually from the checked solutions, where the 
concentration of these substances is ten times higher 
than the concentration of a compound, in order to 
ensure the selectivity of the proposed method for the 
purpose of applying it in routine analyzes on vari-
ous samples, especially pharmaceutical preparations 
containing doxycycline.. The drug was prepared us-
ing the same steps as the standard titration curve 
(doxycycline 1 ml at 500ppm, hydrogen peroxide 1.5 
ml, peroxidase enzyme 2 ml, buffer solution 3 ml, 
reagent 2-AP, and finally 1.5 ml of the prepared in-
terference at a concentration of 5000ppm) and the 
best conditions used in the calibration curve final 
dilution 25 ml with distilled water. The absorbance 
of the solutions was measured, and the error rate and 
percentage recovery were computed, because inter-

fering effects were considered acceptable if the er-
ror rate was less than (2%), when compared to mea-
surements taken without interference. The presence 
of such additives that do not impact the methods 
of doxycycline determination is evident from the 
findings. (Each value represents the average of three 
readings.). 

Table 5
The Effect of The Presence of Interferences at concentration 
(5000ppm) 

Interference % Error % Recovery
Starch -1.5 98.5

Benzoic acid -2 98
Sodium salicylate -2 98

Fructose -2 98
Ascorbic acid 1.49 100.5

Calcium chloride 0.5 100.5
Talc 2 102
Urea 0.9 100.9

Cellulose 0.6 100.6
Sodium disulfate 1.45 101.45

Spartum 1.2 101.2
Cholesterol 1.75 101.75

Sucrose 2 102
Lactose 1.45 101.45

Sodium chloride 0.9 100.9

Table 3
Value Precision and Accuracy for The Product Compound of doxycycline. 

Concentration of doxycycline(ppm) 
No. Present Found Relative % Error % Recovery % R. S. D
1. 6 5.98 -0.33 99.66 0.1
2. 20 19.9 -0.5 99.5 0.025
3. 32 32.2 0.62 100.62 0.016

Table 4
pharmaceutical preparation of doxycycline

Concentration of doxycycline 
(ppm) 

Preparations
containing Doxycycline

Present Found Relative Error % Recovery % % R. S. D

Doxydar 100mg (doxycycline hyclate) 
Jordan

6
20
32

5.90
19.8
31.8

-1.6
-1

-0.625

98.4
99

99.375

0.12
0.025
0.0157

Doxylek (100mg doxycycline) 
Macedonia

6
20
32

5.99
19.8
32.2

-0.16
-1

0.625

99.84
99

100.625

0.14
0.025
0.016

Doxycycline 100mg
Romania

6
20
32

5.80
19.7
31.7

-3.3
-1.5

-0.93

97.7
98.5
99.07

0.16
0.025
0.0156
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Conclusions
The analysis of Doxycycline has been improved 

with an accurate, straightforward, sensitive, and con-
firmed enzymatic technique. The recovery study data 
and statistical characteristics amply demonstrated the 
procedure’ accuracy and repeatability. The suggested 
method can be used to regularly check the quality of 
pharmaceutical dosage forms and large amounts of 
doxycycline. 
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