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 A sensitive and eco-friendly cloud point extraction (CPE) method was 
suggested for pre-concentration of micrograms amount of doxycycline 
hyclate (DOX) in pure and dosage forms. The method was based on 
formation a sensitive azo-dye produced by diazotization reaction of 
DOX with diazotized sulfadimidine (DSD) in a basic medium. The 
Triton X-114 rich phase containing the orange azo-dye was dissolved 
in ethanol after extraction and identified at the maximum wavelength 
at 430 nm using UV-Vis spectrophotometer. The proposed approach 
was investigated with and without extraction, and a straightforward 
comparison between the batch and CPE procedures was accomplished. 
The effects of several analytical factors on the CPE method, such as 
reagent and base concentrations, surfactant amounts, incubation 
temperature, and time were extensively examined. For the batch and 
CPE techniques, the linear ranges of calibration curves were 2-8 and 
0.3-6 µg/mL with the detection limits of 1.0 and 0.041 µg/mL, 
respectively, under the selected optimum conditions. According to 
percentage recoveries ranged from 97.6 to 101.8% and relative 
standard deviation values of less than 3.5% for both procedures, the 
suggested methods were accurate and precise. Batch and CPE methods 
were employed successfully and with excellent accuracy in routine 
analyses of DOX in pharmaceutical formulations. 
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Introduction 

Doxycycline hyclate (C24H33ClN2O10), is a 

tetracycline derivative and has a wide range of 

antibacterial activity against gram-positive and 

gram-negative pathogenic bacteria as well as 

some protozoa [1, 2]. Due to their novel use as 

bacteriostatic and antibiotic medications, the 

research of determination of tetracycline and 

related compounds has been a notable task for 

drug and pharmaceutical studies [3]. Numerous 

techniques were described for estimation DOX in 

pharmaceutical and biological samples including 

spectrophotometry [4-8], high performance 

liquid chromatography (HPLC) [9-11], 

voltammetry [12-14], liquid chromatography [15, 

16], flow injection spectrophotometry [17], and 

thin layer chromatography [18, 19]. Because of 

their simplicity and low cost as compared to 

other analytical techniques, spectrophotometric 

methods are still widely utilized for routine drug 

analysis. The cloud point extraction (CPE) 

approach is a green and fast extraction method 

based on the pre-concentration of small amounts 

of various chemical and inorganic substances 

using micelle systems. When surfactant 

molecules in aqueous solutions form micelles at a 

certain temperature known as "cloud point 

temperature," the solution turns turbid, and then 

turbid solution separates into an aqueous and 

surfactants rich phase above this temperature. 

The CPE method has various advantages over 

other extraction techniques, including high 

efficiency, sensitivity, and enrichment factor, as 

well as the use of safe aqueous medium rather 

than hazardous organic solvents. In the current 

study, the drug DOX was extracted and 

subsequently quantified using the safe and 

affordable reagent diazotized sulfadimidine (also 

a drug) in an alkaline medium. The azo dye 

product was extracted, dissolved, and 

spectrophotometrically quantified using the CPE 

procedure. To compare batch and CPE 

approaches, a straightforward comparison was 

done (with and without extraction). 

Materials and Methods 

A Shimadzu UV/Vis-spectrophotometer 

(1260/Japan) supplied with matching quartz 

cells (50 µL) was used to measure the absorbance 

of each sample as well as its absorption spectra. 

For the CPE process, a centrifuge (Hettich, EBA 

21) equipped with standardised centrifuge tubes 

(50 mL) were utilized to separate the two phases. 

In addition, a thermostatic water bath (England) 

was used to demonstrate different ranges of 

temperature. The materials used in the current 

study were all of an analytical grade. DOX (purity 

99.9%) was provided from the state company for 

drug industries (SDI/Iraq). The commercial 

pharmaceutical applications containing DOX 

(Doxycycline capsules ® 100 mg- Bamstaple, 

BNS,UK, Medomycin® 100 mg Madochemiie 

LTD-Cyprus) were obtained from local 

pharmacies.  

Doxycycline solution (1000 µg/mL) 

 In 100 mL volumetric flask, stock solution of 

drug was prepared by weighing 0.1 g of standard 

DOX, dissolving in distilled water, and completed 

the flask to the mark with the same solvent. 

Hydrochloric acid (0.5M) 

 Prepared by transferring 4.2 mL of concentrated 

HCl (36.4% w/w) to 100 mL volumetric flask, and 

diluted with distilled water, and then 

standardized. 

Ammonium hydroxide (0.5M) 

Prepared by transferring 9.4 mL of concentrated 

ammonium hydroxide (27.5% w/w) to 250 mL 

volumetric flask, and diluted with distilled water.  

Diazotized sulfadimidine sodium (10 mM): 

Prepared in ice bath by transferred 0.9 mL of 

standard drug solution (333 mg/mL of 

sulfadimidine sodium) and 4 mL of hydrochloric 

acid solution (0.5 M) to 100 mL calibrated flask. 

After 5 minutes, 0.069 g of sodium nitrite was 

added then shaken and completed to the mark 

with distilled water.  

Triton X-114 (10% v/v) 

Prepared by diluted 10 mL of Triton X-114 

(99.9%, Fluka) with 100 mL of distilled water. 
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Preparation solutions of DOX capsules 

The contents of ten capsules covering active 

ingredient were weighed and the powder was 

mixed. An exactly weighed portion of the powder 

equivalent to 50 mg of DOX was dissolved in 30 

mL of distilled water, and then filtered into a 50 

mL volumetric flask. The residue was washed 

with distilled water and diluted to the mark with 

the same solvent to obtain 1000 μg/mL of DOX.  

Procedure of batch and cloud point extraction 

methods 

For batch method  

3 mL of diazotized sulfadimidine sodium (0.01 M) 

was added in 10 mL volumetric flasks, and then 

increasing amounts of 100 μg/mL of doxycycline 

ranged from 0.2-0.8 mL and 1 mL of 0.5M 

ammonium  hydroxide were added. The solutions 

of the flasks were shaken well and diluted with 

distilled water, after which they were left for 15 

minutes for spectroscopic detection at 430 nm. 

For CPE method  

Into 10 mL calibrated flasks, 2 mL of diazotized 

sulfadimidine sodium (0.01M) was added, and 

then increasing amounts of 100 μg/mL of 

doxycycline (ranged 03-0.6 mL) and 2 mL of 0.5M 

ammonium hydroxide and 1 mL of Triton X-114 

(10%) were added. Into 10 mL calibrated 

centrifuge tubes, the contents of flasks were 

transferred after mixing and diluting with 

distilled water. The tubes were then occupied at 

60 ᵒC for 30 min in thermostatic water bath. To 

separate the two phases, the tubes were 

centrifuged for 10 minutes (2500 rpm). After 

that, to speed up the separation process, the 

tubes were cooled (using an ice bath). The azo-

dye-encircled micelles in the surfactant-rich 

phase (which was dissolved in 1 mL of ethanol) 

were spectrophoto-metrically measured at 430 

nm while the aqueous phase was decanted. 

Results and Discussion 

Mechanism of reaction and absorption spectra 

The absorption spectrum of the dye produced by 

coupling of DOX with DSD in a basic medium was 

displayed in Figure 1 to investigate the maximum 

wavelength for the coloured dye with and 

without extraction. Absorption spectra for the 

formation dye and the blank were recorded at a 

range of wavelengths between 400 and 600, with 

the maximum wavelength at 430 nm, indicating 

the complex formation between the DSD and 

medication. Using equimolar concentrations of 

both the reagent and the medication (2.25×10-4 

M), the continuous variation approach (Job's 

method) was used to determine the molar ratio 

of the reactants (DSD and DOX). The results 

showed that the product (DSD: DOX) was 

generated in a 1:1 ratio. Sulfadimidine, a 

medicinal molecule, was diazotized utilizing 

sodium nitrite and hydrochloric acid as the first 

step in the reaction mechanism. The phenolic 

molecule (DOX), which had been transformed 

into the more reactive form "phenoxide," was 

then readily coupled with DSD to generate the 

azo-dye product, as depicted in Scheme 1. 

Figure 1: Absorption spectra of 10 

ppm of DOX reacted with diazotized 

sulfadimidine with and without 

extraction 
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Scheme 1: The suggested reaction pathway 

Study the experimental factors of batch and CPE 

approaches 

The factors influencing the reaction product were 

carefully examined with and without CPE to 

increase the sensitivity of dye product. By varying 

one variable over time while holding the other 

constant, several chemical factors, including 

concentrations of ammonium hydroxide, DSD, 

and surfactants, as well as extraction conditions, 

including incubation temperature and time were 

investigated. In all optimization tests, 5 µg/mL of 

DOX was employed, and absorbance was 

measured for both methods at 430 nm against 

the blank. 

Effect of the chemical conditions 

Effect of DSD concentration  

In diazotization coupling procedures, 

sulfadimidine drug is employed as a green 

colorimetric reagent. The effect of different DSD 

solution concentrations on the sensitivity of azo-

dye product was examined. The concentrations 

evaluated varied from 1 to 5 mM (1 to 5 mL of 

0.01 M DSD solution in 10 mL). The results 

reported in Figure 2 showed that for the batch 

and CPE procedures, respectively, the highest 

analytical signal was obtained using 3 and 2 mM 

of DSD (i.e. 3 and 2 mL of 0.01 M in 10 mL final 

volume). Therefore, these concentrations of DSD 

solution were chosen as the optimum values for 

further work. 

Effect of base solution (type and concentration) 

The initial studies revealed that alkaline medium 

is the most effective medium for the diazotization 

coupling reaction between the phenolic drug 

(DOX) and reagent. The coupling reaction is 

enhanced and promoted by alkaline medium by 

converting DOX into phenoxide species. Different 

types of bases included Na2CO3, NaOH, and 

NH4OH were examined and the results showed 

that ammonium hydroxide solution provided 

maximum signal (Figure 3a). Different quantities 

of basic solution from 0.5 to 4 mL of 0.5M were 

used to create a range of NH4OH concentrations, 

and their effects on azo-dye absorbance were 

studied. For the batch and CPE techniques, the 

maximum response was reached using 1 and 2 

mL of NH4OH, respectively (Figure 3b). 

Study the CPE parameters 

Effect of Triton x-114 concentration and extraction 

temperature 

Triton-X114 is a type of surfactant used for 

extracting various organic and inorganic 

compounds, and is thought to be the most 

reactive and effective surfactant available. The 

surfactant plays a significant role in the 

extraction process by influencing the 
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effectiveness of the separation technique. 

Extraction of several samples containing 5 µg/mL 

of DOX was done using different amounts of 10% 

(v/v) surfactant to investigate this impact. High 

sensitivity was achieved with 1.0 mL of Triton, 

which was selected for advance use, as shown in 

Figure 4a. More surfactant would reduce the 

response; this may due to complete the 

separation process. Investigating the ideal 

incubation temperature is necessary to achieve 

complete separation. The extraction temperature 

was examined between 40 and 80 ᵒC throughout 

a 30 min. The incubation temperature, 60 ᵒC, was 

chosen as the ideal temperature since it produced 

the maximum analytical signal (Figure 4b). 

 

Figure 2: Influence of DSD concentration (Experimental conditions: 5 ppm of DOX; DSD, 2 mM; NH4OH, 0.1 M; 

Triton X-114, 0.2% (v/v); Temp., 60 ᵒC) 

 

Figure 3: (a) Effect of type of base and (b) effect of the volume of ammonium hydroxide solution 
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Figure 4: Effect of (a) volume of Triton X-114 and (b) incubation temperature 

Study of the incubation time 

The incubation period has a significant impact on 

the extraction effectiveness and the equilibrium 

between two phases. To study the required 

incubation time for full separations, 10 to 40 

minutes at 60 ᵒC were used. According to the 

results (Figure 5), increasing the incubation 

period up to 30 min increased the absorbance of 

extracted azo-dye before it slightly reduced. 

Therefore, 30 min was chosen as the ideal time to 

achieve quantitative extraction. A completed 

separation was achieved at 5.0 min of 

centrifugation duration, which was selected for 

continued use after being tested between 2 and 

10 min. 

Final optimum parameters  

In Table 1 for batch and CPE techniques, all the 

evaluated chemical and physical parameters that 

can have an impact on the separation 

effectiveness and sensitivity of the formation dye 

are mentioned. 

Methods validation 

The calibration curves for both methods were 

created using the prior optimum variables for 

batch and CPE procedures, which were employed 

for estimate of DOX and are described in Table 1. 

For the batch and CPE techniques, the Beer’s law 

ranges were 2-8 and 0.3-6 µg/mL with the 

detection limits of 1.0 and 0.041 µg/mL, 

respectively, under the selected optimum 

conditions. According to percentage recoveries 

ranged from 97.6 to 101.8% and relative 

standard deviation values of less than 3.5% for 

both procedures, the suggested methods were 

accurate and precise. The accuracy of the current 

approaches was also demonstrated by the small 

values of the analytical features, which included 

the standard deviation of the slope (Sb), intercept 

(Sa), and residual (Sy/x). In addition, the 

enrichment factor was considered to be ≈2. 

Accuracy and precision  

Both suggested methods' precision and 

repeatability were examined. Five replications of 

two different concentrations of DOX drug were 

assay using batch and CPE techniques. High 

accuracy and repeatability were shown by the 

low error values (excellent recoveries values) 

and acceptable relative standard deviation values 

recorded in Table 3, which supported the two 

suggested procedures. 
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Figure 5: Effect time of the incubation (experimental conditions: 5 ppm of DOX; DSD, 2 mM; NH4OH, 0.1 M; 

Triton, 0.2% (v/v); Temp., 60 ᵒC) 

Table 1: Selected values of the studied parameters for both suggested approaches 

Parameter 
Studied 

range 

Selected value 

Batch CPE 

Volume of 0.01M diazotized sulfadimidine (mL) 1-5 3 2 

Volume of 0.5M NH4OH (mL) 0.5-4 1 2 

Volume of 10% (v/v) surfactant (mL) 0.5 –2 - 1.0 

Incubation temperature (ᵒC) 40-80 - 60 

Incubation time (min) 10-40 - 30 

 

Table 2: Analytical features for proposed batch and extraction approaches 

Parameter 
Value 

Batch method CPE method 

λmax (nm) 430 430 

Regression equation y=0.0863x + 0.0074 y = 0.133x + 0.0368 

Correlation coefficient, R2 0.999 0.990 

Dynamic linear range (µg/mL) 2-8 0.3-6 

Limit of detection (µg/mL) 1.0 0.041 

Molar absorptivity (L/mol cm) 38.354×103 59.109× 103 

Sandell’s sensitivity (µg/cm2) 0.0116 0.0075 

Slope (mL/μg) 0.0863 0.133 

Intercept 0.0074 0.0368 

Enrichment factor ≈ 2 

Sy/x 0.0073 0.0231 

Sb 0.0032 0.0011 

Sa 0.0098 0.0103 
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Table 3: Accuracy and repeatability for batch and CPE approaches 

Method 
Conc. of DOX (µg/mL) 

Recovery% Erel% RSD% (n=4) 
Present Found 

Batch 

3 3.04 101.33 1.33 1.00 

5 4.96 99.20 -0.8 3.68 

7 7.20 102.86 2.86 2.96 

CPE 

1 1.02 102.00 2.00 3.97 

3 2.93 97.67 -2.33 4.85 

5 4.91 98.20 -1.80 3.11 

 

Table 4: Determination of DOX in capsules using both proposed methods 

Pharmaceutica

l forms 

Proposed methods O
fficial m

eth
o

d
 

Batch CPE 

Conc. DOX 

(µg/mL) Rec. 

(%) 

Mean 

Rec. 

(%) 

RSD 

(%) 

Conc. DOX 

(µg/mL) Rec. 

(%) 

Mean 

Rec. 

(%) 

RSD 

(%) 
Taken Found Taken Found 

Doxycycline®  

capsules/Bam

staple BNS,UK 

3 3.03 101.00 
100.80 

1.89 3 3.02 100.67 
101.24 

2.59 
100.55 

5 5.03 100.60 2.02 5 5.09 101.80 3.32 

Medomycin 

Madochemiie 

LTD-Cyprus 

3 3.02 100.67 
101.44 

1.68 3 3.08 102.67 
101.64 

3.11 
102.20 

5 5.11 102.20 1.69 5 5.03 100.60 2.16 

t (2.776)** 

F (19.000)** 

0.301 

12.797 

0.197 

1.206 
 

* n=4; ** theoretical value and RSD = relative standard deviation 

Assay of DOX in pharmaceutical samples  

Batch and CPE methods were applied successfully 

for assay of DOX in a commercial pharmaceutical 

form (Table 4). The effectiveness and application 

of these methods in the routine analysis of DOX in 

pharmaceutical forms were demonstrated by the 

good obtained recoveries and RSD values of the 

present approaches. Recoveries values were also 

contrasted with those calculated using the HPLC 

standard method [1]. A statistical comparison 

between the methodologies was carried out using 

two standard tests (t-and F-tests at a confidence 

level of 95%) [20]. The measured t- and F-values 

were not acceding the tabulated values, 

indicating that there was no difference in the 

precision and accuracy between both procedures 

utilized for assay DOX in its pharmaceutical 

capsules. 

Conclusion 

For estimation and extraction of a microgram of 

DOX in pharmaceutical applications, the current 

work comprised fast, sensitive, and 

environmentally acceptable approaches. Using 

sulfadimidine as a green reagent in place of 

harmful and expensive reagents is the basis of a 

colorimetric/diazotization reaction. The azo-dye 

produced by the diazotization reaction was 

extracted with Triton X-114 and the cloud point 

extraction technique. Combining CPE with 

spectrophotometry offered a simple and 

affordable method for DOX measurement without 

the use of hazardous solvents or sophisticated 

methods. The DOX assay in pharmaceutical 

capsules has been carried out satisfactorily and 

with acceptable accuracy using the batch and CPE 

methods. 
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