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Abstract 

 The presence of Poor quality and counterfeited medicines in the market is a Public health 

concern. WHO estimated that 10 % of the medicines in the market are of poor quality. One 

major way to circumvent such problem is development and deployment of rapid, 

economical and efficient analytical methods to check the quality of drugs. Hence the aim of 

this research is to develop HPTLC method for the determination of Doxycycline hyclate 

pharmaceutical formulations. 

A rapid and simple high-performance thin layer chromatography (HPTLC) method with 

densitometry at 360 nm was developed and validated for determination of doxycycline 

hyclate in capsule formulation. Chromatography was performed on glass plates coated with 

C18 Reverse phase silica gel 60 F 254 and pretreated with 0.27 M EDTA solution; the 

mobile phase was dichloromethane: methanol: acetonitrile: 1% aqueous ammonia in the 

ratio of 10:22:53:15 (v/v). The linearity range lies between 200 and 1000 ng/spot with 

correlation coefficient of 0.997. The Rf value is 0.5 ± 0.02 %. Recoveries were in the range of 

94.50 % – 100.5 %. Limit of detection and imit of quantitation values for doxycycline 

hyclate were 40 ng/spot and 160 ng/spot respectively. The developed method was 

validated as per ICH guidelines. In forced degradation study doxycycline was found to 

degrade in acidic, alkaline, and oxidative stress conditions and the drug was found to be 

relatively stable in heat and photo degradation (5 hr durations), the maximum degradation 

occurred under alkaline stress condition. The result in forced degradation study shows the 

specificity of the developed method. The proposed method was successfully applied for the 

routine quantitative analysis of dosage forms containing doxycycline hyclate. Five brands 

of tablets and capsules tested were in compliance with the USP requirements with respect 

to assay. The Developed method offered comparable results (as confirmed by F-test) with 

that of the HPLC pharmacopoeial analysis method. The method also offered efficiencies in 

terms of time and cost. 

 

 KEYWORDS: Doxycycline hyclate, HPTLC, Analytical Method development, Validation, 

Quality control 
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1. Introduction 
 

Doxycycline (6-Deoxy-5-hydroxytetracycline) (C22H24N2O8) is a semisynthetic broad 

spectrum tetracycline antibiotic (Fiori, 2004). It is derived from and is closely related to 

Oxytetracycline and has an identical spectrum of activity. Doxycycline is a broad spectrum 

antibiotic used in several countries to treat infectious diseases. It acts against 

Staphylococcus aureus, Streptococcus pneumonia, S pyogenes, S agalacticae, Campylobacter 

jejuni, Haemophilus influenzae, Neisseria gonorrhoeae, N meningitides, Clostridium species, 

Peptostreptococcus spp and Peptococcus spp, Bacteroides melaninogenicus and Bacteroides 

fragilis. It inhibits bacterial protein synthesis by binding with the 30S ribosomal subunit. 

Doxycycline is  preferred than other tetracyclines since it has a more favorable 

pharmacokinetic profile such as; better absorption and long half-life, which allows fewer 

daily doses (Martindale, 2009; Quarterman, 1997). It is frequently used to treat chronic 

prostatitis, sinusitis, syphilis, chlamydia, and pelvic inflammatory diseases (Ramesh et al., 

2010). There are different salt forms of Doxycycline. Doxycycline for pharmaceutical 

preparations listed in the pharmacopoeias are in the form of doxycycline monohydrate 

(C22H26N2O9) (free base), doxycycline hyclate (C22H24N2O8 HCl 0.5 C2H5OH 0.5 H2O), 

doxycycline hydrochloride (C22H25ClN2O8) and doxycycline calcium (C22H20Ca2 N2O8) (B.P, 

2014; JP, 2006; Ph.Eur, 2005; USP 32/NF 27 and WHO, 2008). 

 

According to the Essential Medicines List of the WHO, 100 mg doxycycline (as hyclate) 

capsules or tablets can be used as an antibacterial. In case of malaria, 100 mg doxycycline 

as capsules or dispersible tablet can be used in combination with quinine for curative 

treatment, and for malarial prophylaxis, 100 mg doxycycline capsules or tablets can be 

prescribed (EML, 2015). 
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Figure 1a: Chemical structure of doxycycline (www.researchgate.net) 

Doxycycline hyclate (C22H24N2O8 HCl 0.5 C2H5OH 0.5 H2O; molecular mass 512.94 g/mol) is 

the hydrochloride hemi-ethanol hemihydrate of doxycycline (Ramesh et al., 2010). 

Doxycycline hyclate has much more GI solubility than the other forms, which is one of the 

primary reasons for its more frequent use in pharmaceutical applications (Jantratid et al., 

2010).  

 

Figure 1b: Chemical structure of doxycycline hyclate (www.researchgate.net) 

 

To control qualities of frequently prescribed medicines such as doxycycline hyclate, 

development of a simple, inexpensive, precise, and rapid method of analysis is important.   
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There are various methods for determination of doxycycline; including microbiology (Cars 

and Ryan, 1988), thin layer chromatography (Choma et al., 1999), infrared spectroscopy 

(Kogawa et al., 2016) and high performance liquid chromatography (HPLC) (Ramesh et al., 

2010). 

Liquid chromatography (HPLC) is the official method for the determination of doxycycline 

hyclate in some pharmacopoeias, which requires using HPLC grade solvents and columns 

(with high consumption of the solvents) resulting in high cost of analysis (BP, 2014; USP, 

2017). 

The aim of this study is to develop and validate a rapid, economical, and precise High 

Performance Thin Layer Chromatographic (HPTLC) method, as an alternative to the 

existing methods, for determination of doxycycline hyclate in capsule formulation. 
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2. Literature review 

The global pharmaceutical market is characterized by a situation of multiple standards of 

quality (Caudron et al., 2008). Many under-resourced national regulatory authorities in low 

and middle income countries lack the capacity to fully assure the quality of medicines 

circulating in their territory, and the most vulnerable populations are exposed to the risk of 

receiving poor-quality medicines (Ravinetto et al., 2012). It is estimated that 34 % of 

medicines in sub-Saharan Africa are of poor quality (Almuzaini et al., 2013).  

Poor-quality medicines include substandard medicines, i.e. genuine medicines that are 

produced by manufacturers authorized by a national regulatory authority but do not meet 

pharmacopoeial specifications, and falsified or counterfeit medicines, i.e. medicines 

deliberately and fraudulently mislabeled with respect to identity and/or source (Hoen and 

Pascual, 2015). Poor quality medicines may contain the incorrect amount of ingredients, no 

active ingredients at all or sometimes wrong ingredients. The consequences include 

prolonged sickness, treatment failure, side effects, loss of income, increased healthcare 

costs, and death (Dondrop et al., 2019). 

The Pharmaceutical Security Institute (PSI), a network of the security divisions of 25 major 

pharmaceutical companies, has data that indicate that the illegal trade and manufacture of 

medicines is a global problem. It affected at least 124 countries in 2011, and the burden is 

disproportionately felt in the developing world. The higher cost of living, higher incomes, 

and greater access to medicines in North America and Europe also account for these 

regions' large share of pharmaceutical sales. Nevertheless, North America and Europe 

make up almost two-thirds of the world's combined pharmaceutical sales but account for 

only a quarter of global trade in illegal medicines. PSI data suggest a serious problem with 

falsified medicines in low and middle income countries (PSI-Inc, 2012).   

Provision of promotive, preventive, curative and rehabilitative health services require 

regular availability of relevant medicines of proven safety, efficacy and quality at an 

affordable price and their proper use; including proper diagnosis of health problems, 

prescribing, and dispensing to patients. Essential medicines are those that satisfy the 
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priority health care needs of the population. They are selected with due regards to public 

health relevance, evidence on safety, efficacy, quality and comparative cost-effectiveness. 

They are intended to be available within the context of functioning health systems at all 

times in adequate amount, appropriate dosage forms with assured quality. Doxycycline 

(100 mg, in capsule and tablet formulations) is part of the Ethiopian Food, Medicine and 

Healthcare Administration and Control Authority’s (FMHACA) Essential Medicines List as 

an antibacterial agent (FMAHCA, 2010). The drug is also found in the list of medicines for 

health centers and it is free a “prescription only” medicine (FMHACA, 2012). 

The development of effective and reliable analytical methods for quality control of the drug 

is extremely important and aims to provide reliable information about the nature and 

composition of the materials under analysis (La Roca MF et al., 2007). Method development 

and validation cannot be separated since the operation parameters are finally acceptable 

only if the performance requirement is achieved. Validation is an important step in 

determining the reliability and reproducibility of the method because it is able to confirm 

that the intended method is suitable to be conducted on a particular system (Franczi-Foder 

et al., 2001). The International Conference on Harmonization (ICH) guidelines achieved a 

great deal in harmonizing the definitions of the required validation characteristics and 

their basic requirements (ICH, 2005). 

In Ethiopia, doxycycline is supplied by thirteen pharmaceutical companies with seventeen 

different brand names (FMHACA www.mris.fmhaca.gov.et, 2017). Due to the significantly 

high number of drugs available in the market, quality control of this medicine is extremely 

important to ensure its safety and efficacy to the public.  

Various methods for determination of doxycycline have been reported. A liquid 

chromatography (HPLC) is the official method for the determination of doxycycline hyclate. 

The official HPLC method of USP employs solution A: mixture of 3.1 gm of monobasic 

potassium phosphate, 0.5 gm of edetate disodium and 850 ml of water diluted to volume 

(1000 ml) with water and adjusted to a pH of 8.5 ± 0.2 with 1 N sodium hydroxide, and 

solution B: methanol, as mobile phase for assay of doxycycline hyclate capsule, with a flow 

rate 0.6 ml/min using gradient elution. Stationary phase is 2.1 mm x 5 cm column with 1.7 

http://www.mris.fmhaca.gov.et/
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µm packing L7 (packing of octyl silane chemically bonded to pourous silica particles) 

having temperature maintained at 600. Detection is made at 350 nm. It was specified that 

the content of doxycycline hyclate capsules should not be less than 90 % and not more than 

120 % of the labeled amount (USP, 2017). 

According to BP, the chromatographic procedure for the assay of doxycycline hyclate 

capsule may be carried out using a column (25 cm × 4.6 mm) Packed  with styrene-

divinylbenzene co-polymer (8 μm) with a pore size of 10 nm and maintained at 60 °C, 

mobile phase being a mixture of 60 gm of 2-methylpropan-2-ol, 200 ml of water, 400 ml of 

phosphate buffer pH 8.0, 50ml of a 1% w/v solution of tetrabutylammonium hydrogen 

sulphate previously adjusted to pH 8.0 with 2 M sodium hydroxide and 10 ml of a 4 % w/v 

solution of disodium edetate previously adjusted to pH 8.0 with 2 M sodium hydroxide, 

diluted to 1000 ml with water and having flow rate of 1 ml per minute. The detection 

wavelength is at 254 nm. It was specified that the content of doxycycline hyclate capsules 

should not be less than 95% and not more than 105 % of the labeled amount (BP, 2014). 

Other chromatographic methods are also reported for the determination of doxycycline in 

samples of liver and muscle tissue (Croubels et al., 1998), turkey plasma (Santos et al., 

1996), milk (Choma et al., 1999; Denobile et al., 2004), medicated premixes for 

incorporation in to medicated feed (Fiori et al., 2005), pharmaceuticals (Monser and 

Darghouth 2000), bulk powders (Bryan et al., 1994), tablets (Kogawa and Salgado, 2012), 

human urine (Ramesh et al., 2010) and in chicken tissues (Gajda et al., 2014). Some of the 

reported chromatographic methods for determination of doxycycline are summarized in 

table 1.  

HPLC is a versatile, reproducible chromatographic technique with high sensitivity, 

specificity and accuracy for the estimation of drug products having wide applications in 

different fields in term of quantitative and qualitative estimation of active molecules (Bairy, 

2015). It is also the official method for the determination of doxycycline hyclate in other 

Pharmacopoeias such as (CP, 2000; F. Portuguesa, 2005; IP, 2008 and JP, 2006). However, 

in resource limited countries, the high cost of HPLC grade solvents and columns and 
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consumption of solvent significantly affect timely release of laboratory results for action. 

(Carstensen and Rhodes, 2005; ICH (Q1AR2), 2003; Singh and Bakshi, 2000).  

There are also spectrophotometric methods for the analysis of doxycycline. Saha, (1989) 

reported colorimetric determination of tetracycline derivatives in pharmaceutical 

preparations in which drug reacts with ferric ions to give a complex, which leads to the 

formation of brown colour that can be measured at 430 nm. The combination of complex 

forming agent (Fe+2) with the drug is in the ratio of 1:2. The complexing agent binds with 

various drugs of tetracycline family including doxycycline. A simple spectrophotometric 

method for the determination of tetracycline and doxycycline in pharmaceutical 

formulations that uses chloramine-T was also reported (Jose et al., 2010).  In this method 

the drug solution is treated with Chloramine -T reagent in an alkaline medium which leads 

to the development of red colour for both tetracycline and doxycycline at their 

corresponding absorbance measurement of 535 nm and 525 nm respectively. Another 

spectrophotometric assay of doxycycline hyclate in pharmaceuticals using Folin-Ciocalteu 

(F-C) reagent was developed (Ramesh et al., 2010). Method is based on the formation of blue 

colored chromogen due to reduction of tungstate and/or molybdate in F-C reagent by 

doxycycline in alkaline medium. Detection was at 770 nm.  

An eco-friendly method that utilizes infrared spectroscopy (IR) for quantification of 

doxycycline in raw material was also developed (Kogawa et al., 2016). Dilution was made 

by mixing doxycycline with dried potassium bromide powder at a concentration of 1:10. 

The IR spectra of reference and sample mixture pellets of 150 mg weight were recorded 

with 40 scans at a resolution of 4.0. All the data was obtained monitoring the carbonyl band 

between 1714.717 - 1649.138 cm-1 using Fourier Transform IR detector and IR solution 

software. The values were provided in absorbance mode. 

The advantage of the spectroscopic methods is their simplicity. Though these methods are 

simple, they are not accurate, quite sensitive to additives and cannot be used to distinguish 

between the various types of tetracycline. Only pure compounds can be measured as the 

presence of other ions or compounds can interfere during the detection process (Rahda 

and Priya, 2014).  
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Method development has been undertaken to investigate the potential of capillary 

electrophoresis (CE) for the analysis of doxycycline. This method was developed for purity 

assay of the drug. The influence of buffer type, buffer pH and concentration was 

systematically examined, then that of capillary temperature and applied voltage. All the 

potential impurities could be separated at 15 °C on a 44 cm x 50 μm in diameter of fused 

silica capillary (effective length to detector, 38 cm) with sodium carbonate (70 mM) - EDTA 

(1 mM), pH 10.50, as background electrolyte and with a voltage of 12 kV. Detection was 

made at 254nm (Schepdael et al., 1995). 

An important role of CE in pharmaceutical industry could be the determination of drug-

related impurities. The structural impurities of a drug possess similar properties to that of 

the main component and therefore are hard to resolve. The main advantage of CE over 

chromatographic methods in this case is high separation (Altria et al., 1998). Other 

advantages include reduction in solvent consumption and disposal, high speed of analysis 

and reduced cost of analysis. The main reasons for the reluctance to use CE are lack of 

sensitivity and poor precision of the methods (Mayer et al., 2001; Holzgrabe et al., 2006).  

Non-aqueous titrimetric method was reported by Kanakapura et al., in 2010 for assay of 

doxycycline in pharmaceutical dosage forms. Doxycycline was titrated by 0.01 N acetous 

perchloric acid that contained mercuric acetate and glacial acetic acid. Detection was made 

either using crystal violet as indicator in visual end point detection or using combined glass 

electrode in potentiometric endpoint detection method.  

Although non-aqueous titrimetry is a simple method it has some disadvantage such as the 

use of expensive solvents and interference of water (humidity) from air which should be 

avoided in non aqueous titration (Malik, 2016).  

Therefore, alternative methods are needed to facilitate and increase the speed of analysis. 
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Table 1: Reported Chromatographic methods from literature for determination of   
      doxycycline in different samples 

Method 
 

Condition  Detection 
system 

Matrices Application Ref 

HPLC CN Luna column (250 - 4.6 mm i.d, 5.0 μm 
particle size). Mobile phase was a mixture of 
water + 0.1 % Trifloroacetate(TFA) and 
acetonitrile + 0.1 % TFA (60:40, v/v)  
 

UV at 360nm Tablets Quantitative 
determination 
of doxycycline 
in tablets 

(Kogawa, 
2012) 

HPLC C8 reversed phase thermo column  (250 mm 
× 4.0 mm i.d, 5.0 μm particle size) mobile 
phase: acetonitrile-potassium 
dihydrogenorthophosphate buffer (pH 4.0), 
40:60 (v/v)  

UV at 325 nm Spiked 
human 
urine and 
Tablets 

Determination 
of doxycycline 
in spiked 
human urine 
and 
pharmaceutic
als 

(Ramesh et 
al., 2010) 

HPLC  
  

PLRP-S polymeric column and pre-column 

(250 - 4.6 mm and 5 - 3 mm, respectively). 

Mobile phase: 1 - 1022 mol/L oxalic acid–
ACN–methanol (80:15:5, v/v/v). 

Fluorescence 
(excitation at 
406 nm and 
emission at 515 
nm) 
 

Samples 
of liver 
and 
muscle 
tissue in 
turkey 
 

Separation of 
doxycycline 
from 4-
epidoxycyclin
e 

(Croubles et 
al., 1998) 

HPLC C18 PLRP-S (PSDVB) column (250 -4.6 mm, 5 

mm) and PM-C18 column (150 - 4.6  
mm). Mobile phase: ACN–0.02 mol/L sodium 
perchlorate (pH 2) (15:85, v/v). 

UV at 280 nm Bulk drug 
substance 

Analysis  (Bryan et al., 
1994) 

HPLC  
 
  

Waters Nova-Pak column RP8 (150 mm x 3.9 
mm). Mobile phase A: 0.01 mol/ L oxalic acid: 
ACN: TEA (90:9,9:0,1, v/v/v); mobile phase 
B: ACN. 

UV at 363 nm Milk Detrmination 
of doxycycline 
in milk 

(Denobile et 
al., 2004) 

LC-MS/MS Luna C 18 column (150 mm × 4.6 mm, 5 µm). 
Mobile phase : A – 0.1% formic acid in water: 
B – 0.1% formic acid in acetonitrile with 
gradient mode starting from 95% A and 5% 
B; at 1 min up to 12 min - 40% A and 60% B; 
at 12.01 min to 15.00 min - 10% A, 90% B; at 
15.01 min to 20.00 - 95% A and 5% B 

MS (in Multiple 
reactions 
monitoring 
(MRM) mode) 

Chiken 
tissues 

Quantitative 
determination 
of DOX and 
depletion 
study in 
chicken 
tissues 

(Gajda et al., 
2014) 

TLC Stationary phase: Pre-coated silica gel TLC 
Si60 and Si60 with fluorescent indicator 
(F254), 10x20 cm. Sample were injected into 
the F254 middle of special regions of 
trapezoidal shape created by the incision into 
the plate’s concentrating zone. The plates 
were pre-developed with hexane to remove a 
lipid fraction from the milk samples.Mobile 
phase: 0.05 M citric acid–MeOH–2-propanol 
(1:3:1)  
 

UV lamp with 
dual wavelength 
(254 and 366 
nm) and by 
densitometry. 

Milk For separation 
and 
determination 
of doxycycline 
and 
Flumaquine in 
milk 

(Choma et 
al., 1999) 

TLC Stationary phase: Pre-coated silica gel TLC 
plate H .Mobile phase: Water–MeOH–
dichloromethane (6:35:59)  

UV at 365nm Capsule Identification (BP, 2014) 
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3. High Performance Thin Layer chromatography (HPTLC) 

HPTLC is a sophisticated and automated form of Thin Layer Chromatography (TLC) having 

relatively smaller particle and pore size of sorbents, lower analysis time, development 

chamber that requires less volume of mobile phase and higher efficiency. In HPTLC sample 

application is automated and UV/Visible/ Fluorescence scanner scans the entire 

chromatogram qualitatively and quantitatively and the scanner is an advanced type of 

densitometer (Andola and Purohit, 2010). 

HPTLC has been reported to provide excellent separation, qualitative and quantitative 

analysis of a wide range of compounds, such as herbal and botanical dietary supplements, 

nutraceuticals, traditional western medicines, traditional Chinese medicines and Ayurvedic 

(Indian) medicines and determination of radiolabeled substances in chemical, biochemical, 

biological and pharmaceutical samples (Sherma, 2008). 

Even though the cost of HPTLC instrument is high, it has gained importance in 

pharmaceutical analysis because of its advantages such as advanced separation efficiency 

and detection limits, less cost per analysis and low analysis time, no prior treatment for 

solvents like filtration and degassing, low mobile phase consumption per sample and no 

interference from previous analysis—fresh stationery phase and mobile phase for each 

analysis (Bhole et al., 2015). 

HPTLC produces visible chromatograms on which information about the entire sample is 

available at a glance. Multiple samples are seen simultaneously, so that reference and test 

samples can be compared for identification. Similarities and differences are immediately 

apparent with the help of the image comparison. Several chromatograms can be compared 

directly, even from different plates. In addition to the visible chromatograms, analog peak 

data are also available from the chromatogram. They can be evaluated either by the image 

based software Videoscan or by scanning densitometry with TLC Scanner (Andola and 

Purohit, 2010). Since background noise having unnecessary contribution to the overall 

signal can hide important features as well as decrease the accuracy of the determination, 
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noise and baseline correction can be valuable (Baumgartner and Schwack, 2010; Erny et al., 

2017). 
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4. Method Validation 

The objective of validation of an analytical method is to demonstrate that the developed 

method is suitable for its intended purpose. 

The accuracy of an analytical procedure expresses the closeness of agreement between the 

value which is accepted either as a conventional true value or an accepted reference value 

and the value found. The precision of an analytical procedure expresses the closeness of 

agreement (degree of scatter) between a series of measurements obtained from multiple 

sampling of the same homogeneous sample under the prescribed conditions (Ermer, 2001). 

The linearity of an analytical procedure is its ability (within a given range) to obtain test 

results which are directly proportional to the concentration (amount) of analyte in the 

sample. The specified range is normally derived from linearity studies. It is the interval 

between the upper and lower concentration (amounts) of analyte in the sample (including 

these concentrations) for which it has been demonstrated that the analytical procedure has 

a suitable level of precision, accuracy and linearity. The detection limit of an individual 

analytical procedure is the lowest amount of analyte in a sample which can be detected but 

not necessarily quantitated as an exact value. However, the quantitation limit of an 

individual analytical procedure is the lowest amount of analyte in a sample which can be 

quantitatively determined with suitable precision and accuracy (ICH Q2(R1), 2005). 

Specificity is the ability to assess unequivocally the analyte in the presence of components 

which may be expected to be present. Typically these might include impurities, degradants, 

matrix, etc (Yuwono and Indrayanto, 2005). 

The robustness of an analytical procedure is a measure of its capacity to remain unaffected 

by small, but deliberate variations in method parameters and provides an indication of its 

reliability during normal usage (ICH Q2(R1), 2005). 
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5. Objectives of the study 

5.1. General objective 

 To develop and validate a simple, inexpensive, precise, and rapid high performance 

 thin layer chromatographic method for determination of doxycycline hyclate in 

 capsule formulation. 

5.2. Specific objectives 

• To select appropriate mobile phase composition for separation and  clear peak 

 presentation of doxycycline hyclate 

• To study the UV/Visible light absorption pattern of the drug for selection of 

 appropriate  wavelength to be employed for quantitative determination 

• To study the stability of the test solutions  

• To validate the developed method for analysis of doxycycline hyclate 

• To analyze the drug content in different commercial dosage forms using the 

 developed HPTLC analytical method 

 

 

 

 

 

 

 

 



14 
 

6. Materials and Methods  

6.1. Materials 

6.1.1. Doxycycline standard and dosage forms 

Doxycycline hyclate working standard was supplied by Cadila Pharmaceutical PLC. The 

working standard was certified to contain 98.55 % of doxycycline hyclate (manufacturing 

date; Feb 2017; expiry date; Feb 2021; batch number; D20170210). The reference standard 

was manufactured by Sigma Aldrich, certified to contain 98 % of doxycycline hyclate (batch 

number; BCBP0625V). Five brands of doxycycline hyclate in capsule and tablet 

formulations each of them labeled to contain 100 mg of doxycycline were purchased from 

pharmacy retail outlets in Addis Ababa (Table 2). 

Table 2: Descriptions for the five brands of doxycycline used in dosage form analysis 

Brand name 
Dosage 
form Manufacturer 

Batch 
number 

Manufacturing 
date 

Expiry 
date 

 
Teradoxine® Capsules 

Houns Co Ltd., 
Chungchengbuk-DO, 
Korea (South) CBC601 04/2016 03/2019 

 
Medomycin® Capsules 

Medochemie Ltd, 
Limassol,  
Cyprus A1F131 06/2017 02/2021 

 
Doxylag® 

 
Capsules 

 
Labatec Pharma SA, 
Meyrin,  
Switzerland  

 
3198 

 
03/2017 

 
03/2020 

 
 
Miraclin® 

 
 
Tablets 

Laboratorio 
Farmacologico 
Milanese S.r.l, 
Caronno 
Pertussella(VA),  
Italy 

 
 
24258 

 
 
06/2017 

 
 
10/2021 

 
Doxydenk®   

 
Tablets 

 
Artesan  
Pharma GMBH CO.KG,  
Luchaw (Wendland), 
Germany 

 
24258 

 
04/2017 

 
03/2020 
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6.1.2. Solvents and Reagents 

HPLC grade methanol and analytical reagent grade dichloromethane (Carlo Erba reagents, 

France), acetonitrile and ammonia (BDH laboratory supplies Ltd, England) were used. 

Distilled water was used in preparing the mobile phase and methanol: acetonitrile (70:30) 

used as diluent for sample preparation. 0.27 M ethylenediaminetetraaceticacid (Research 

lab fine chem. Industries, India) solution was prepared by using 40 % NaOH solution 

(Research lab fine chem. Industries, India) adjusting the pH to 9.  

6.1.3. Instrumentation and HPTLC condition 

The Camag HPTLC apparatus consisted of Linomat V sample applicator (Camag, Muttenz, 

Switzerland), 100 microlitre syringe (Hamilton-Bonaduz schweiz, camag, Switzerland), TLC 

scanner III (Camag, Muttenz, Swtzerland), winCATS version 1.4.0 software (Camag, 

Muttenz, Switzerland). Chromatography was performed on Merck silica gel 60 F 254 

precoated TLC plate 20 cm ×20 cm with 200 μm thickness (batch numbers: HX389048 and 

HX398477), cut in to two equal parts to be 10 cm x 20 cm, Saturation pad (Camag, Muttenz, 

Switzerland) was used for saturating development chambers. Samples were applied as 

bands under a stream of nitrogen using the microlitre syringe. Ascending development to a 

distance of 7 cm was performed in a 30 minute presaturated 20 cm × 20 cm twin trough 

TLC developing chamber (Camag). To dry developed plates, hair drier (Philip lady 1000, 

Type HP 4312, Hong Kong) was used. Densitometric scanning and quantitative evaluation 

were performed by the TLC scanner and winCATS version 1.4.0 software respectively. The 

official liquid chromatographic method for assay of doxycycline was conducted using HPLC 

(Shimadzu, LC-2030 C 3D, Japan),using a 25 cm × 4.6 mm column Packed  with styrene-

divinylbenzene co-polymer-8 μm (Polymer laboratories Ltd) with lab solution software 

(shimadzu) to compare results of dosage form analysis performed by using the developed 

HPTLC method. 

Other instruments and glasswares such as water bath (GFL, Germany), hotbox oven 

(Gallankamp, England), analytical balance (Mettler Toledo, Swizerland), pH meter (Jenway, 

U.K), heating magnetic stirrer (Arex, Europe), sonnicator (Bundlin Sonnorex super, 
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Germany) and mortar and pestle, volumetric flasks of 200 ml, 100 ml, 50 ml and 25 ml 

(Technico class B, England), pipettes (DIN, Germany) of 1 ml (± 0.01), 5 ml (± 0.05), and 10 

ml (± 0.1) and micro-pipettes (Dragon lab, China) of 100-1000 µl and 5-50 µl were also 

used during the study. 
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6.2. Methods 

6.2.1. Preparation of test solution  

Powders from twenty capsules or powdered tablets of doxycycline hyclate were mixed and 

accurately weighed. A quantity equivalent to 15 mg of doxycycline was transferred to a 100 

mL calibrated flask and extracted with methanol (5 x 10 ml) first by shaking then in 

ultrasonic bath for 10 min. The extract was filtered and transferred in to 100 ml volumetric 

flask and diluted to volume with acetonitrile-methanol (30:70 v/v).  

6.2.2. Preparation of standard solution  

A standard solution of doxycycline was prepared by dissolving a quantity of working 

standard equivalent to 15 mg of doxycycline hyclate  using  50 ml of methanol as a solvent 

in 100 ml volumetric flask and diluting to volume with acetonitrile-methanol (30:70 v/v).  

6.2.3. Method development and optimization 

HPTLC method was optimized with a view to develop best analytical method for 

determination of doxycycline hyclate in capsule dosage form. 

6.2.3.1. Selection of mobile phase 

The standard solution (1 µg/spot of doxycyxline hyclate) was taken and applied on to TLC 

plates and run in different solvent systems. Different compositions of mobile phases 

including solvents such as methanol, acetonitrile, acetic acid, water, n-butanol, sodium 

chloride solution, dichloromethane, and aqueous ammonia has been tried. Factors 

considered during selection of solvent compositions include interaction of solvents with 

the stationary phase, solubility and toxicity profiles of solvents. Selection of mobile phase 

was based on HPLC methods for doxycycline hyclate, HPTLC methods reported for other 

tetracycline drugs, and the eleutrophic series of solvents. Official TLC identification method 

for tetracyclines in general, including doxycycline hyclate, with mobile phase composition 

dichloromethane: methanol: water (59:34:7 v/v) (BP, 2014) has also been used as a basis 

in the mobile phase selection process. This has led to the use of dichloromethane and 
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methanol in the final mobile phase composition together with acetonitrile and aqueous 

ammonia. 

The twin trough chamber was saturated after adding equal volumes (10 ml) of the mobile 

phase to both sides of the trough one for plate insertion and the other for the saturation 

pad (Forgaces, 1997).   

6.2.3.2. Selection of scanning wavelength 

Various scanning wavelengths were reported by previous TLC and HPLC methods. It was 

necessary to obtain UV/Visible spectra of the spots of DOXH in the range of 300 and 480 nm 

using the densitometer.   

The wavelength corresponding to the spectra with maximum response was selected for 

further study (Kogawa and Salgado, 2012; Bryan et al., 1994 and BP, 2014). 

6.2.3.3. Development time 

Development time which was needed for the mobile phase to travel a fixed distance of 7 cm 

was measured in minutes. Measurements were made from plate insertion to the 

developing chamber until the solvent front reaches the marked distance. 

6.2.3.4. Forced degradation studies 

In forced degradation studies, intentional degradation was tried by exposing a sample 

having a concentration of 600 µg/ml to the following stress conditions: acidic (0.1 M HCl), 

alkaline (0.1 M NaOH), and oxidation (3 % H2O2) in 1:1 ratio making 300 µg/ml 

concentration. For intentional degradation, contents of the flasks were refluxed in a water 

bath at 80 °C for three hours. Samples were kept at 60 °C in an Oven (for 5 and 24 hours) 

for heat degradation and in UV irradiation chamber (for 5 hours) for photo degradation. 

After the respective time intervals, all the flasks were removed and allowed to cool. 

Contents were diluted to make 100 µg/ml of final concentration and samples were then 

analyzed (Bhole et al., 2015). 
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6.2.4. Validation of the developed method 

6.2.4.1. Specificity 

The specificity of the method was ascertained by comparing the amount of active substance 

obtained in each solutions of doxycycline hyclate during the forced degradation study. To 

induce formation of degradation products, sample solutions were subjected to acidic, 

alkaline, oxidative, and photolytic media. Decreases that occurred in all absolute peak areas 

of doxycycline hyclate were used as an indication for the qualitative specificity of the 

method.  

6.2.4.2. Linearity and Range 

To evaluate linear relationship between peak area of the spots and concentration of the 

drugs, standard solutions of doxycycline hyclate (4 μL) were prepared as described in 

section 6.2.2 to obtain concentration in the range of 200-1000 ng/spot and applied on TLC 

plate. Chromatogram was developed. Calibration plot was constructed by plotting peak 

area against the corresponding amount of drug. The linear regression equations were 

determined by the method of least squares. The correlation coefficient, y-intercept and 

slope of the regression line were also determined. 

The range was determined as 80% to 120% of the assay concentration (ICH, 2005). 
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6.2.4.3. Detection and quantification limit (LOD and LOQ) 

For determination of LOD and LOQ, sample solutions of doxycycline hyclate (n=5) were 

applied in decreasing quantities, in triplicate. The same volume of the pure solvent as a 

blank was also applied. After development, a calibration graph was constructed by plotting 

the peak areas against the applied quantities of the substances investigated.  

LOD and LOQ were calculated based on the signal to noise ratio between 3:1 and 2:1 (for 

LOD) and 10:1 (for LOQ).  

6.2.4.4. Robustness 

Robustness of the method was performed by making small deliberate changes in 

chromatographic conditions. A study was performed by changing the mobile phase 

composition and duration of saturation time of chamber.  

Different mobile phase compositions such as dichloromethane: methanol: acetonitrile: 1% 

aqueous ammonia (10:22:53:15); (9:21:56:14) and (11:23:50:16) v/v were tried in 

developing the chromatograms. Saturation time was also varied (30 ± 5 minutes) (Janhavi 

et al., 2016). 

6.2.4.5. Precision 

The precision of the method was considered at two levels, repeatability and intermediate 

precision. Repeatability (Intraday variations) were performed by analysis of three different 

concentrations 480, 600 and 720 ng/spot of the drug (80 % to 120 % of the analytical 

concentration) three times on the same day. Intermediate precision was similarly 

evaluated over a period of 2 days by two different analysts. The precision of the method 

was expressed as relative standard deviation (RSD, %).  
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6.2.4.6. Accuracy 

To confirm the accuracy of the proposed method, recovery experiments were carried out 

by the standard addition technique. It was carried out by adding known amounts of drug 

(reference standard) to samples of doxycycline hyclate dosage form (Doxylag® capsule, 

claimed to contain 100 mg of doxycycline hyclate) corresponding to three concentration 

levels (80, 100, and 120 % of the working concentration ) along with the excipients and to 

the working standard (Janhavi et al., 2016).  

6.2.4.7. Sample stability study 

Stability study of sample solutions was conducted for 14 days after preparation. Analysis 

was performed immediately following sample preparation and then after 3 hr, 8 hrs, 24 

hrs, 4 days and 14 days (Kahssay, 2010). 

6.2.4.8. Analysis of commercial dosage forms 

Five brands of doxycycline hyclate, Teradoxine®, Medomycin®, Doxylag®, Miraclin® and 

Doxydenk® each of them labeled to contain 100mg of doxycycline hyclate were purchased 

from retail pharmacies in Addis Ababa and analyzed using the developed method. From the 

five brands three were in capsule formulations. Two brands of doxycycline hyclate in tablet 

formulation were also analysed using the same method of sample preparation and HPTLC 

conditions employed for the analysis of capsule formulations. The five brands were also 

analyzed using BP pharmacopoeial (HPLC) method (included under section 2). 
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7. Results and Discussion 

7.1. Method development 

7.1.1. Stationary phase employed 

Widely used stationary phases in adsorption chromatography are silica gel and alumina. 

Commercially available precoated HPTLC plates with silica gel suits various classes of 

compounds (mostly to acidic and neutral drugs) and remains predominant stationary 

phase. For this reason silica gel was used as stationary phase throughout the experiment 

(Chauhan et al., 2016; Jain et al., 2007; Dong et al., 1999).  Tetracyclines contain number of 

oxygen atoms which can act as electron donors for metal ions. Because of their interaction 

with trace metals and silanol groups on adsorbents, most of the reported methods for 

determination of tetracyclines require pretreatment of the TLC plates with 

ethylenediaminetetraacetic acid (EDTA) solution. EDTA, chelating agent, binds in metal 

layers of the silica gel in order to avoid formation of complex with the samples and hence 

improved separation (Becic et al., 2014; Yu et al., 2012). In this study many trials of method 

optimization without the impregnation of TLC plates with EDTA solution gave broadened 

peaks with maximum Rf values of 0.39 and minimum Rf values of 0.25. To solve this 

problem TLC Plates were impregnated with 0.27 M EDTA solution adjusted to pH 9 using 

40 % sodium hydroxide solution and placed in an oven for 30 minutes at 1210C.  

7.1.2. Selection of mobile phase 

Mobile phase for HPTLC method is selected and optimized on the basis of analyst’s own 

experience, literature report of similar studies and traditional trial and error method 

(Sherma, 2010). In this study different mixtures of various solvents were tried and the 

composition of mobile phase with a better chromatographic result having acceptable and 

reproducible Rf value was selected. Before treating the TLC plate with EDTA solution two 

different mixtures of solvents Sodium chloride: acetic acid: n-butanol: Water (0.3 gm: 6 ml: 

12 ml: 6 ml pH =2.6) and Methanol: Acetonitrile: 5% Acetic acid (20:25:55 v/v, pH =3.7) 

were tried. Both compositions resulted in broadened peaks with Rf vaues 0.39 and 0.25 

respectively. Even though some modifications such as changing the proportions of each 
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components and diluting the sample solutions were made, no change was observed on the 

result. The reason for the broadening of chromatographic peaks might be interaction 

(formation of complex) between the stationary phase and the analyte (doxycycline hyclate) 

as mentioned under section 7.1.1.  

After TLC plate was treated with EDTA solution, Methanol: Acetonitrile: 5% Acetic acid 

(20:25:55 v/v) was tried again. In this trial after development visualization was made 

under UV radiation at 254 nm which showed that the stationary phase (silica gel layer) was 

washed away forming a distorted layer and no spots could be observed. This might be due 

to the reaction of EDTA with the acidic mobile phase. EDTA by nature dissolves in water 

with increment of pH. The solution starts forming a white precipitate when pH decreases 

with addition of any type of acid (Anonymous, www.researchgate.net).  

Instead of acetic acid; dichloromethane and 5% aqueous ammonia were replaced and a 

composition of dichloromethane: methanol: acetonitrile: 1% aqueous ammonia having 

different proportions (9:25:52:14, 11:19:54:16 and 10:22:53:15) v/v, were tried. The first 

and second proportions of the mobile phase (9:25:52:14 and 11:19:54:16) v/v resulted in 

relatively broadened and non symmetrical chromatographic peaks compared to the third 

proportion (10:22:53:15) v/v. After these trials it was found that: dichloromethane: 

methanol: acetonitrile: 1% aqueous ammonia in the ratio of (10:22:53:15 v/v, pH =10.7) 

gave sharp and symmetrical peaks with Rf value 0.5 ± 0.2. This solvent mixture was used as 

a mobile phase. The spots obtained on HPTLC chromatograms, using the selected mobile 

phase as viewed under short UV light (240 nm) were found to be well separated, compact 

and suitable for quantitative work. 
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Figure 2: Densitogram of doxycycline hyclate spot 

Table 3: Mobile phase compositions used in the optimization Process 

S/N Mobile phase composition Proportions Observations 

1 

 
Sodium chloride: acetic acid: n-
butanol: Water 0.3 gm: 6 ml:12 ml: 6 ml 

Broadened peaks with Rf 

value 0.39 

2 
Methanol: Acetonitrile: 5 % Acetic 
acid 20:25:55 v/v 

Broadened peaks with Rf 
value 0.25; eroded 
stationary phase that was 
pretreated with EDTA 

3 

Dichloromethane: Methanol: 
Acetonitrile: 1% Aqueous 
ammonia 10:22:53:15 v/v 

development time is 8 
minutes (sharp and 
symmetrical peaks with Rf 
value 0.5 ± 0.2 

4 

Dichloromethane: Methanol: 
Acetonitrile: 1 % Aqueous 
ammonia 9:25:52:14 v/v 

relatively longer 
development time (12 
minutes) and lower quality 
of peak (non symmetrical) 
than mobile phase “3”  Rf  
value 0.57± 0.03  

5 

Dichloromethane: Methanol: 
Acetonitrile: 1 % Aqueous 
ammonia 11:19:54:16 v/v 

relatively longer (13 
minutes) development  and 
lower quality (non 
symmetrical) of peak than 
mobile phase “3”; Rf  value 
0.4±0.01 
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Saturation time was studied and set at 30 min. Saturation was also aided by saturation pad. 

Development time with 7 cm run in a saturated chamber was found to be only 08 minutes. 

The result was similar in chamber saturated for more than 30 minutes. However in 

chamber that was not well saturated (15 minutes) the development time increased up to 

15 minutes and solvent was not moving uniformly making the shape of the solvent front 

curved rather than a straight line leading to variable Rf values. 

 

     Figure 3a: Typical initial chromatogram of doxycycline hyclate obtained during                

               mobile phase selection - without background noise correction 

• Mobile phase composition - Methanol: Acetonitrile: 5 % Acetic acid 

(20:25:55) v/v 
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Figure 3b: Typical initial chromatogram of doxycycline hyclate obtained                         

           during mobile phase selection with background noise correction  

Saturation time: 30 minutes; Mobile phase- Methanol: Acetonitrile: 5% Acetic acid 

(20:25:55 v/v), scanning wavelength 360 nm; Stationary phase: C18 Reverse phase 

silica gel coated plate.    

Reproducibility of Rf value was also studied during the period of method development and 

validation. Factors which affect the Rf value are also reported under section 7.2.4. However 

with careful control of factors such as; variations in mobile phase composition, chamber 

saturation, temperature, thickness of the plate or quality of the thin layer material would 

result in Rf variations of ±0.05 (Claudia et al., 1996). As observed over the period of study, 

Rf value obtained while the same batch of stationary phase used, was 0.5±0.02.  This 

indicates that Rf values for doxycycline hyclate had satisfactory reproducibility. When a 

new batch stationary phase was used Rf variations of ±0.05 was observed.  
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7.1.3. Densitometric scanning 

Scanning was performed over the range of 300nm to 480nm wavelength. The wavelength 

with maximum absorption (360nm) was selected. The selected wavelength was used for 

quantitative determination of doxycycline hyclate.  

 

Figure 4: Spectral detection of scanning wavelength 

Scanning was done for 16 peaks of doxycycline hyclate from which 13 peaks had maximum 
absorption at 360 nm and the rest 3 at 300 nm.  
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Figure 5: Densitogram of doxycycline hyclate spot without background noise correction    

                

 

Figure 6: Densitogram of doxycycline hyclate spot with background noise correction 

Saturation time: 30 minutes, Mobile phase: dichloromethane: methanol: acetonitrile: 1% 

aqueous ammonia in the ratio of 10:22:53:15 (v/v), Scanning wavelength 360 nm, 

Stationary phase:  silica gel coated plate pretreated with EDTA solution. 
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7.1.4. Forced degradation studies  

Doxycycline was found to degrade in most of the stress conditions employed i.e acid, 

alkaline, and oxidation. Maximum degradation was observed under alkaline stress 

condition. However, it was found more stable in, heat (5 hr duration), and photo 

degradation (5 hr duration) stress conditions. The % assays of active substance are given in 

table 3. 

Table 4: Percent assay of active substance in the various stress conditions of forced      

      degradation study. 

Stress condition Temperature and time Percent assay of active substance 
Acid (0.1 M HCl)  80°C for 3 hr  74.7 

Alkali (0.1 M NaOH)  80°C for 3 hr  21.2 
Oxidation (3.0% H2O2)  80°C for 3 hr  80.3 

Heat  60°C for 5hr 95.3 
UV(254 nm) For 5hr 92.17 

Heat 60°C for 24hr 78.05 

  

  

7 (a) pure doxicycline hyclate standard  7 (b) heat degradation (5 hrs duration) 
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7 (c) photo degradation (5 hrs duration)         7 (d) oxidative degradation  

  

  

7 (e) heat degradation (24 hrs duration)   7 (f) acidic degradation 

 



31 
 

 

7 (g) basic degradation 

Figure 7: Chromatographic peaks of forced degradation studies (the difference between   
       the chromatograms obtained is expressed as percent assay (table - 4) 
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7.2. Method validation 

7.2.1. Specificity 

Specificity is the ability to assess unequivocally the analyte in the presence of components 

such as impurities, degradation products and matrix. The specificity of the method can be 

determined with the addition of impurities and degradation products, obtained 

experimentally or by inducing their formation (Ermer, 2001; ICH, 2005). 

In this study, the specificity of the method was checked by comparing the chromatograms 

obtained for pure doxycycline hyclate solution and the forced degradation procedure. 

Decreases that occurred in peak areas of doxycycline hyclate, confirmed the qualitative 

specificity. These forced degradation studies show the susceptibility of the drug to 

degradation in acidic, basic, heat and oxidative media. Figure 5 shows decreases in peak 

areas of samples exposed to different degradants.  
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Figure 8:Forced degradation study peak areas: 1) Pure doxycycline hyclate standard; 2)  

       Heat degradation (5 hrs duration); 3) Photo degradation (5 hrs duration);       

      4) Oxidative degradation; 5) Heat degradation (24 hrs duration); 6) Acidic;    

      7) Basic  

• X-axis shows the different degradation media and y-axis indicates peak areas 
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7.2.2. Detection and quantification limits 

Limit of detection and quantification were calculated based on the signal-to noise ratio as 

indicated in section 4.2.4.3. The results of the LOD and LOQ were found to be 40 ng/spot 

and 160 ng/spot respectively. The results were obtained by considering the peak area of 

blank as noise and calculating the signal to noise ratio to be between 3:1 to 2:1 for LOD and 

10:1 for LOQ.   

7.2.3. Linearity, range and calibration curves 

In the evaluation of linearity, both peak area and peak height showed a good linear 

relationship with the concentration even though peak area was found to be better. The r2 

for peak area was 0.997 and that of peak height was 0.994. A good linear relationship   was 

revealed by the linear regression data for the calibration curves in the concentration range 

of 200-1000 ng/spot. The correlation coefficient, y-intercept and slope of the regression 

line was calculated and presented in table 5. 

Table 5: Correlation coefficient, y-intercept and slope of the regression line for calibration 

Parameters Values 

Linearity range(ng/spot) 200-1000 ng/spot 

r2 0.997 

Slope 5.676 

Intercept +1390.92 

Linear regression equation Y = 5.676X+1390.92 

The range which is usually derived from the linear range depends on the purpose for which 

the method is intended. In the case of a method for the assay of finished products, the range 

is from 80 % to 120 % of the test concentration. Thus the minimal range was 480 to 720 

ng/spot. 
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Figure 9: Regression line for measurement of linearity. Y-axis and X-axis represent          

       peak area and amount of doxycycline in ng/spot. 

7.2.4. Robustness 

The standard deviation of peak areas for each parameter was calculated and % RSD was 

found to be less than 2 %. The low % RSD in table 6 indicated the robustness of the 

developed method. Unlike the result obtained for peak areas by making small changes in 

the parameters, there was noticeable difference in Rf values caused by small changes in the 

proportion of mobile phases.   

Table 6: Results in robustness study of the method 

Conditions    SD %RSD 

Mobile Phase Composition  

Dichloromethane: Methanol: Acetonitrile: 1% Aqueous ammonia (9:21:56:14) 

 

100.34 

 

1.65 

 

Dichloromethane: Methanol: Acetonitrile: 1% Aqueous ammonia (11:23:50:16) 

 

1.63 

 

0.027 

 

Saturation time ± 5 minutes 

  

25 minutes 

 

   38.25 

 

0.63 

 

35 minutes 

 

   60.88 

 

1.0 

 

y = 5.676x + 1390.92
R² = 0.9968
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Small variations in all parameters did not affect the peak areas and thus the quantification of the 

drug. This indicates the deliberate changes made on the method parameters had a very little 

effect on the determination. 

Table 7: Effect of small changes made on the mobile phase composition on Rf values 

Mobile phase Rf Values 

Dichloromethane: Methanol: Acetonitrile: 1% Aqueous ammonia (10:22:53:15)* 

 

0.50 

 

Dichloromethane: Methanol: Acetonitrile: 1% Aqueous ammonia (9:21:56:14) 

 

0.44 

 

Dichloromethane: Methanol: Acetonitrile: 1% Aqueous ammonia (11:23:50:16) 

 

0.56 

 

*optimized solvent system 

7.2.5. Precision 

Repeatability and intermediate precision of the developed method were expressed interms 

of relative standard deviation (RSD) of the peak area Intraday variations were performed 

by analysis of three different concentrations (480, 600 and 720 ng/spot) of the drug three 

times on the same day. The intermediate precision was similarly evaluated over a period of 

2 days by two different analysts. The precision of the method was expressed as relative 

standard deviation (RSD, %). The low RSD values indicate that there were no significant 

variations in the analysis of doxycycline hyclate at the given concentration levels. 

Table 8: Repeatability and intermediate precision  

Amount 
(ng/band) 

Repeatability (Intra-day precision) Intermediate precision 
Mean peak area SD RSD Mean peak area SD RSD 

480 
 
4239.2 49.9 1.18 3621.15 83.65 2.31 

600 
 
5002 50.2 1.00 4405.4 38.18 0.87 

720 
 
5649.9 206.8 3.66 5214.95 73.60 1.41 
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7.2.6. Accuracy  

The accuracy of the method was carried out by adding known amounts of drug (reference 

standard) to samples of doxycycline hyclate dosage form corresponding to three 

concentration levels (80, 100, and 120 % of the label claim) along with the excipients and 

working standard . The mixtures were reanalyzed by the proposed method. The percentage 

recoveries of doxycycline at each level were determined (Table 9).  

Table 9: Results of accuracy study  

Amount  
Added 
(%)  

Total amount of  
doycycline hyclate in 
dosage form and 
working standard 
( ng)  

Amount  
recovered ( ng )  

(%)  
Recovery  

Dosage 
form 

Working 
standard 

Dosage 
form 

Working 
standard 

80 
 
504 524.54 497.55 104.1 98.72 

100 628 623.29 577.76 
 
99.25 92.00 

120 
 
752 737.34 687.48 98.05 91.42 

Average % recovery 100.5 94.5 

7.2.7. Sample solution stability study 

Stability study of sample solutions was conducted for 14 days after preparation. The 

average peak areas and RSD values were calculated and presented in table 10. The average 

peak areas after 24 hours were significantly varied from average peak areas obtained 

immediately following sample preparation.  
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Table 10: Stability study of sample solutions 

Time of analysis  Average peak area (n=6) RSD % Reduction 

30 minutes 
 
6067.5 2.31 - 

3 hours 
 
5817.7 2.67 4.12 

8 hours 
 
6052.3 1.41 0.25 

24 hours 
 
5678.8 2.90 6.41 

4 days 
 
4136.4 3.60 31.8 

14 days 
 
3739.9 19.4 38.4 

 

During the stability study, sample solution showed less than 10 % loss of content after 24 

hr duration. The result indicates analysis should be performed within 24 hrs in order to 

minimize systemic error due to instability of sample solutions.     

7.2.8. Analysis of commercial dosage forms 

Different brands of doxycycline hyclate in capsule and tablet formulations, Teradoxine, 

Doxylag, Miraclin and Doxydenk each of them labeled to contain 100mg of doxycycline 

hyclate and Medomycin capsule labeled to contain 100mg of doxycycline HCl were 

purchased and analyzed using the developed method. Assay was performed in triplicate for 

each dosage form and the average drug contents were expressed in percent. Doxylag, 

Teradoxine and Doxydenk resulted in relatively higher %RSD values. Additionally, the 

dosage forms were analyzed using HPLC method and the results were compared. In both 

methods the average contents of all dosage forms were between 95 to 105%. Table 11 

shows the results of dosage form analysis in detail. 
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Table 11: Analysis of commercial dosage forms (DFs) 

No of Assay 

Content of doxycycline hyclate in commercial DFs (%) 
n=3  

Medomycin® Teradoxine® Doxylag® Miracline® Doxydenk® 

1 105 104 95.7 95.2 98.7 

2 98.8 93 92.9 92.5 94.7 

3 95.7 103 106.3 101.5 110 

Average content (%) 
by HPTLC ± SD 99.8 ± 4.73 100 ± 6.08 98.3 ±7.06 96.4 ± 4.6 101.1 ± 7.9 

%RSD 4.74 6.08 7.21 4.8 7.8 

Average content (%) 
by HPLC ± SD 101.8 ± 0.234 97.7 ± 0.306 104.8 ± 0.219 98.8 ± 0.497 100.9 ±0.279 

%RSD 0.216 0.313 0.209 0.503 0.277 

HPLC analysis was performed using the method in BP 2013. According to BP the content of 

doxycycline capsules and tablets should not be less than 95% and not more than 105% of 

the labeled amount. Based on the above specification average contents of dosage forms 

analysed by HPTLC and HPLC methods were within the specification limit. According to 

USP the content of doxycycline capsules and tablets should not be less than 90% and not 

more than 120% of the labeled amount. The assay result shows that all dosage forms 

analyzed were also within the limit of USP specification.  
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Table 12: Statistical (F-test) comparison between HPTLC and HPLC results 

Method Medomycin Teradoxine Doxylag Miracline Doxydenk Mean S.D 

HPTLC   
99.8 100 98.3 96.4 101.9 

99.06 1.86 

HPLC  
101.8 97.7 104.8 98.8 100.9 

100.79 2.75 

F-Value 2.186 

Statistical comparison of the developed HPTLC and the official HPLC methods was 

performed using assay results for five brands of doxycycline obtained using the two 

methods. The theoretical value for F-Value is equal to 9.6045, (p=0.05) while the calculated 

F-Value is only 2.186. The result in table 12 shows that the method can be successfully used 

to estimate doxycycline hyclate in pharmaceuticals and the HPTLC and HPLC results are 

similar and comparable. 

HPLC-UV determination of doxycycline hyclate in tablets was performed using method 

developed by Kogawa and Salgado in 2012. Samples from 80 mg Doxitrat tablet were 

analyzed. The contents of three determinations, expressed as percentage were 109.64, 

110.50 and 110.08, with % RSD of 0.38 and mean content being 110.07 %. The assay result 

is relatively higher when compared to the average content of doxycycline hyclate dosage 

forms analysed using both the developed HPTLC and the official HPLC methods. Another 

determination of two brands of doxycycline hyclate tablets using HPLC-UV was made by 

Ramesh et al in 2010. Mean values of five determinations for the two brands were 106 % 

and 99.38 % with % RSD of 1.15 and 1.43 respectively. Even thought the first brand is out 

of specification limit of BP, the results for both brands show similarity with assay results 

obtained using both the proposed and official methods when compared to the previous 

HPLC method.  
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There are some conditions which make HPTLC more preferable than HPLC. HPLC usually 

requires solvents which are more expensive (HPLC grade) as compared with analytical 

grade solvents in HPTLC. Sample preparation such as filtering the solutions, degassing of 

mobile phase and rinsing of the system after chromatography makes the HPLC more 

laborious and time consuming method. In HPTLC many samples can be analyzed using a 

single plate in a given solvent at a time while only one sample can be analyzed using HPLC 

in a single run. HPTLC instrument is also simpler to manipulate as compared with HPLC. 

 

Table 12: Time comparison between the HPTLC and HPLC for a single run 

Process (HPLC min) HPTLC (min) 

Mobile phase Degassing and 

equilibrating with detector 45 - 

Run /development time 10 8     

Saturation time - 30   

Sample preparation 35 30   

Time for scanning - 2 

Application of sample - 3 

Total 90 73 

Total time (per sample) 90 35 

 

As shown in table 13, time taken to complete HPLC analysis for doxycycline hyclate is 

longer than that of HPTLC. Total time (per sample) in the above table shows time taken for 

saturation, development and scanning in HPTLC analysis is considered to be for 18 samples 

at a time indicating that the method is rapid and simpler than HPLC.   
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Table 13: Cost comparison between the HPTLC and HPLC for a single run (Sigma - Aldrich,   

       www.sigmaaldrich.com; Sisco, www.srlchem.com) 

 
Chemicals used for HPLC Cost (USD) Chemicals used for  HPTLC Cost (USD) 

 
0.1M HCl (40 ml)* 0.85 Methanol (85 ml)* 0.74 

 
Disodium edetate (10 ml) 0.40 Acetonitrile (15 ml)* 0.30 

 
2-Methylpropan-2-ol (60 gm) 8.70 Methanol (22 ml) 0.19 

 
Tetrabutylammonium 
hydrogen sulphate (50 ml) 0.69 Acetonitrile (53 ml) 1.06 

 
Phosphate buffer (400 ml) 0.775 

 
1% Aqueous Ammonia (15 ml) 0.072 

 
De-ionized water (540 ml)  0.486 Dichloromethane (10 ml) 0.122 

-  - 0.27M EDTA(10ml) 0.029 

 
Total cost 11.9  2.51 

Total cost (per sample)  11.9  1.39 
*- Chemical is used for sample preparation.  1 USD= 27.8 ETB  

In HPTLC method many samples can be analyzed using a single plate in a given solvent at a 

time. Each solvent used to prepare mobile phase and EDTA solution (for plate 

pretreatment) can be used for analysis of up to 18 samples at a time. In addition to the high 

cost of solvents (HPLC grade) used in HPLC, determination of only a single sample in a 

single run makes the method much expensive than HPTLC. Total cost per sample in table 14 

indicates that the total cost of chemicals per analysis in HPTLC (except cost of solvents 

used for sample preparation) is divided by the number of samples that can be analyzed in a 

single run (i.e. 18). 

 

 

http://www.sigmaaldrich.com/
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8. Conclusion 

A new high-performance thin-layer chromatographic (HPTLC) method has been developed 

for determination of doxycycline hyclate in capsule formulations. Chromatography was 

performed on glass plates coated with C18 Reverse phase silica gel 60 F 254 and pretreated 

with EDTA solution; the mobile phase was dichloromethane: methanol: acetonitrile: 1 % 

aqueous ammonia in the ratio of 10:22:53:15 (v/v). Densitometric analysis was performed 

at 360 nm. The method is simple, sensitive (limit of detection and quantification 40 ng and 

160 ng per spot), precise (RSD ≤ 3.66), and linear over the range 200-1000 ng/spot with r2 

value of 0.997. Doxycycline hyclate sample is stable for 24 hours at room temprature (with 

losses ≤ 6.41 %).  

The developed HPTLC method was found suitable for determination of doxycycline in 

capsule and tablet dosage formulations (Teradoxine® Medomycin®, Doxylag®, Miraclin® 

and Doxydenk®) without any interference from the excipients. Statistical test (F-test) 

demonstrates that the results are comparable and similar to the official pharmacopoeial 

(BP) HPLC method. Statistical data obtained during validation of the method also indicates 

that it is robust, specific and accurate. It has a satisfactory repeatability for the analysis of 

doxycycline hyclate. Its advantages include simplicity, low cost of reagents, shorter period 

of saturation and development time. The HPTLC had an advantage of applications of 

several sample spots (up to 18) to be determined in a single run.  
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9. Recommendations and further works 

The developed high performance thin layer chromatographic method is rapid, simple and 

less expensive when compared to the official methods. The developed method can be 

further utilized in post market surveillance-for quality control of doxycycline different 

brands and formulations of several samples. It can be utilized in pharmaceutical industries 

as well as quality control laboratories. Further works in the transferability of the developed 

method to other laboratories can be done. Proficiency tests can be carried out to further 

check the accuracy of the HPTLC method developed. 
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Annex I: Chromatogrammes showing robustness study of the developed  

       HPTLC method 
 

 
 

Figure: 1-Robustness study- chromatogram of doxycycline obtained using the optimized 

mobile phase composition and saturation time 
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Figure: 2-Robustness study- chromatogram of doxycycline obtained using the mobile phase 

composition (9:21:56:14) 

 

 Figure: 3-Robustness study- chromatogram of doxycycline obtained using the  

       mobile phase composition (11:23:50:16) 
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Figure: 4-Robustness study- chromatogram of doxycycline obtained using saturation time    

  of 25 minutes 

Figure: 5-Robustness study- chromatogram of doxycycline obtained using saturation time   

 of 35 minutes 
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Annex II : Chromatogrammes showing the result of accuracy study  

 

Figure:1  Accuracy study of 100% concentration (working concentration)-chromatogram   

   obtained using spiked dosage form                    

 

Figure:2  Accuracy study of 100% concentration (working concentration)-chromatogram   

     of doxycycline standard solution used for comparison to obtain % recovery   
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Annex III: Chromatogrammes showing analysis of dosage forms using the     

           developed HPTLC method 

 

Figure-1 Doxydenk (chromatogram a) 

 

Figure-2 Doxydenk (chromatogram b)  
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Figure-3 Doxydenk (chromatogram c) 

 

 

Figure-4 Doxylag (chromatogram a)  
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Figure-5 Doxylag (chromatogram b) 

 

Figure-6 Doxylag (chromatogram c)  
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Figure-7 Teradoxine (chromatogram a)  

 

Figure-8 Teradoxine (chromatogram b)  
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Figure-9 Teradoxine (chromatogram c)  

 

Figure-10 Medomycin (chromatogram a)  
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Figure-11 Medomycin (chromatogram b) 

 

 

Figure-11 Medomycin (chromatogram c) 
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Figure-13 Miracline (chromatogram a)  

 

Figure-14 Miracline (chromatogram b) 
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Figure-15 Miracline (chromatogram c)  
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Annex IV: Chromatogrammes showing analysis of dosage forms using HPLC             
           method                        

Figure 1-HPLC Analysis Result For Assay Of Doxycycline Hyclate (Doxydenk®)  
100mg Tablet - Batch No:3347 
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Compound Name: Doxycycline 
S am ple ID  Ret . T ime  Area Tailing Facto   Theoretical Pl Conc. 

 
 

Data File Name Sample Name  
 

Doxy denk® - 01. Doxycycline Hycla Doxy denk® 3.793 16938890 1.439   2311 101.230  
 

Doxy denk® - 02. Doxycycline Hycla Doxy denk® 3.774 16863892 1.435   2281 100.782  
 

Doxy denk® - 03. Doxycycline Hycla Doxy denk® 3.786 16853215 1.432   2313 100.718  
 

Average    3.784 16885332 1.435   2302 100.910  
 

%RSD    0.256 0.277 0.226   0.789 0.277  
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Figure 2: HPLC Analysis Result For Assay Of Doxycycline 

Hyclate 100mg Capsule Batch No: 3198 
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Compound Name: Doxycycline 
Sample ID Ret. Time Area ailing Factoof Theoretical Pl Conc. 

 

Data File Name   Sample Name 
 

Doxy lag® - 01.lc Doxycycline Hycla Doxy lag® - 7.215 2618256 0.996 453 104.978 
 

Doxy lag® - 02.lc Doxycycline Hycla Doxy lag® - 7.216 2612051 1.003 455 104.729 
 

Doxy lag® - 03.lc Doxycycline Hycla Doxy lag® - 7.215 2607373 1.008 454 104.542 
 

Average  7.215 2612560 1.002 454 104.750 
 

%RSD  0.008 0.209 0.557 0.246 0.209 
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Figure 3-HPLC Analysis Result For Assay Of Doxycycline HCl 

(Medomycin) 100mg Capsule Batch No: AIF131 
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Compound Name: Doxycycline 
 

Sample ID Ret. Time Area 
  

Tailingfactor No of theoret. p    Conc. 
 

Data File Name   Sample Name 
 

Medomycine® - 1    Doxycycline HCl Medomycin® 7.222 2708940 1.005 446 108.614 
 

Medomycine® - 2    Doxycycline HCl Medomycin® 7.235 2709881 1.005 443 108.652 
 

Medomycine® - 3    Doxycycline HCl Medomycin® 7.242 2699298 1.006 444 108.228 
 

Average  7.233 2706040 1.005 444 108.498 
 

%RSD  0.142 0.216 0.097 0.404 0.216 
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Figure 4-HPLC Analysis Result For Assay Of Doxycycline Hyclate 
100mg Tablet 
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Compound Name: Doxycycline 
Sample ID Ret. Time Area tailing Factoof Theoretical Pl Conc. 

 
 

Data File Name Sample Name  
 

Miracline® - 01.lc Doxycycline Hycla Miracline® - 3.758 16564069 1.447  2299 98.990  
 

Miracline® - 02.lc Doxycycline Hycla Miracline® - 3.783 16444389 1.448  2384 98.275  
 

Miracline® - 03.lc Doxycycline Hycla Miracline® - 3.792 16604284 1.440  2341 99.230  
 

Average    3.778 16537581 1.445  2341 98.832  
 

%RSD    0.476 0.503 0.318  1.829 0.503  
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Figure 5-HPLC Analysis Result For Assay Of Doxycycline Hyclate 

(Teradoxine®) 100mg Capsule Batch No: CBC601 
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 Compound Name: Doxycycline 
Sample ID Ret. Time Area ailing Factoof Theoretical Pl Conc. 

 

Data File Name   Sample Name 
 

Teradoxine® - 01 Doxycycline Hycla Teradoxine® 7.207 2428631 1.011 446 97.375 
 

Teradoxine® - 02 Doxycycline Hycla Teradoxine® 7.212 2441630 1.011 447 97.896 
 

Teradoxine® - 03 Doxycycline Hycla Teradoxine® 7.209 2442022 1.011 446 97.912 
 

Average  7.209 2437428 1.011 446 97.728 
 

%RSD  0.035 0.313 0.023 0.095 0.313 
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