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Levothyroxine is a synthetic hormone that 

resembles the natural thyroid hormones, which 

are secreted by the thyroid gland. It is a 

hormone that plays a fundamental role in the 

regulation of many metabolic processes, normal 

growth and development in humans.  The goal 

of this research is to validate a low-cost, secure, 

safe, fast, and consistent UV-visible 

spectrophotometric technique for assaying 

levothyroxine sodium (LEVO-Na) drugs in 

their pharmaceutical dosages, using a mixture 

of Benedict reagent and dimethylglyoxime (B-

DMG) as a chromogenic reagent for the first 

time. The suggested procedure is based on the 

B-DMG mixture and each of the studied drug reactions in a basic medium of pH 10.0 buffer solution. The optimal variables of the 

analysis have been thoroughly examined. The maximum wavelength was attained at 382 nm with a 3.92 x 106 L/mol.cm of molar 

absorptivity. Beer’s law is obeyed in the range of 0.1–1.5 μg/mL for levothyroxine sodium content in the studied drugs. The limits 

of quantification (LOQ) and detection (LOD) were determined as 0.0157 and 0.0052 μg/mL, respectively, with a correlation 

coefficient regression line (R2) of 0.9993. And recoveries in the range of 98.75 to 100.20%. The procedure is easy and can be utilized 

for the analysis of levothyroxine sodium in the thyroid hormone medication’s pharmaceutical dosages. 

 

 
INTRODUCTION 

Levothyroxine Sodium (LEVO-Na) drug, 

USP, is a synthetic thyroxine drug (T4) that is 

commonly used for the treatment of thyroid 
hormone deficiency. The FDA has approved it for 

the treatment of hypothyroidism.1,2 Hypothyreosis 

is considered to be the most prevalent endocrine 

illnesses, with more than 95% of cases originating 

in the thyroid and requiring treatment with a suitable 

dose of LEVO-Na.3 In peripheral tissues, 

levothyroxine (T4) is converted to the highly active 

hormone triiodothyronine (T3), and the liver 

serving as the primary organ for this conversion.4 

Synthetic LEVO-Na is similar to that generated in 

the thyroid gland of humans.5 It is involved in the 

List of Essential Medications recommended by 

WHO.6 Its chemical formula is sodium (2S)-2-

amino-3-[4-(4-hydroxy-3,5-diiodophenoxy)-3,5-

diiodophenyl] propanoate,7 as seen in Scheme 1, a 

synthetic hormone that is used in hypothyroidism 

treatment.   
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Scheme 1– Chemical structure of Levothyroxine Sodium. 

 

Several methods for levothyroxine sodium 

drug determination in pharmaceuticals and other 

samples have been reported. The USP procedure 

involved the titrimetric method of the evolved 
iodine after oxidation to iodate with aid of 

ignition.8 The majority of the analytical methods 
in the literature are HPLC procedures.9–15 Other 

methods include inductively coupled plasma mass 

spectrometry,16 tandem mass spectrometry (ESI-

MS/MS),17 a quinine-derived chiral stationary 

phase,18 an ion-exchange procedure,19 isotope 

dilution tandem mass spectroscopy,20 GC 

methods,21,22 capillary electrophoresis,23 

immunoassays,24-27 fluorescence,28 electrochemical,29,30 

and electrochemiluminescence,31 and flow 

injection methods.32,33 Spectrophotometric 

techniques were employed for LEVO-Na 

determination, such as those including the 

utilization of acetyl acetone and formaldehyde,34 

the second derivative in methanol,35 and the Folin 

Ciocalteu reagent.36 Although extensive 

researches were carried out on the LEVO-Na 

determinations, but very few spectrophotometric 

methods could have existed. As a result, it would 

be beneficial to develop a novel method for 

quantifying this drug in vitro in a simple, rapid, 

and accessible manner with reliable results. In 

this study, we develop a low-cost, safe, quick, 

secure, and consistent spectrophotometric method 

for determining LEVO-Na in various drugs 

(Eltroxin and Eltroxin) in their pharmaceutical 

dosages, utilizing a mixture of Benedict reagent 

and dimethylglyoxime (B-DMG) as a 
chromogenic reagent for the first time. The 

analytical parameters (temperature, pH, reaction 
time, and reagent concentration) of the drugs and 

B-DMG reactions were optimized. 

RESULTS AND DISCUSSION 

Absorption spectra evaluation 

The applications of UV-Visible 

spectrophotometry have been highly popular 

techniques because of its rapidity, selectivity, 

sensitivity, simplicity, precision, and 

inexpensiveness.37, 38 The drug’s reaction with B-

DMG maximum spectra was determined and 

demonstrated in Fig. 1. The λmax for the drug against 

blank is 373 nm and 405 nm for B-DMG, whereas 

the λmax for the two drugs with B-DMG is 382 nm. 

This can be explained by the fact that when a 

chemical reaction happens, the order of atoms 

changes, causing the electrons to transfer to 

different energy levels, and hence, leading to shifts 

in the absorbing wavelengths of the substance.39 

 

 

Fig. 1 – Absorption spectra of Levothyroxine Sodium drug (0.3 µg/mL), absorption spectrum against water blank of: 1) – the drug;  

2) – B-DMG (0.30%); 3) - B-DMG (0.30%) with the drug (0.3 µg/mL). 
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Optimization of the reaction  

The optimal parameters for the validation of this 

procedure were estimated by changing the 

parameters of pH, B-DMG concentration, 

temperature, reaction time, B-DMG volume, and 

buffer volume on the reaction of the drug with B-

DMG and were found to be 10.0, 0.30%, 25 °C, 5 

minutes, 1.0 mL, and 2.0 mL, respectively, as seen 

in Fig. 2. 

 

 

Fig. 2 – Parameters effect: a) – pH; b) – B-DMG; c) – temperature; d) – time of standing; e) – B-DMG amount;  f) – buffer amount, 

on the reaction of Levothyroxine Sodium drug with B-DMG. 

 

Continuous variation of the reaction 

The continuous variation method, according to 

Job’s procedure, was used.40 The B-DMG and drug 

mixture of the same molar concentrations were 

prepared. A 10 mL set of B-DMG and drug was 

prepared according to the fractions (0:10, 1:9, 2:8, 

3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1, 10:1), and 

accordingly, the findings indicated the reaction of 

the drugs and B-DMG, as seen in Fig. 4. 

 

 

Fig. 4 – Continuous variations of B-DMG with Levothyroxine Sodium drug by Job’s method. V1 is the volume  

of B-DMG, and V2 is the volume of the drug. 

 

Method validation 

Linearity and the calibration curve  

By graphing the concentrations against absorbances,  

a calibration curve for the determination of the 

prepared drug sample B-DMG was established  

(Fig. 3). Linear plots with good correlation 

coefficients were produced at 0.1–1.5 µg/mL. 
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Fig. 3 – Calibration curve of Levothyroxine Sodium drug. 

 

Limits of detection and quantification  

The International Conference of Harmonization 

(ICH) recommendations for the validation of the 

method41 were used for the calculations of the LOQ 

and LOD by applying k.SD/b, where k = 10 and 3.3  

for LOQ and LOD, respectively, SD is the standard 

deviation of the blank reading (n = 5,  SD = 0.0005), 

and b is the slope of the equation of the calibration 

curve y = 0.3177x + 2.2961. Table 1 shows the 

analytical parameters of the method.  

 
Table 1 

Analytical parameters of the investigated procedure for levothyroxine sodium with B-DMG. 

Analytical parameters Amount  

   λmax 382 nm 

Linearity domain 0.1–1.5 µg/mL 

Absorptivity  3.92  106 L/mol.cm 

R2 value 0.9993 

Calibration curve equation  y = 0.3177 x + 2.2961 

Detection limit  0.0052 µg/mL 

Quantification limit  0.157 mL 

Standard deviation for slope 0.142 

Standard deviation for Intercept 0.103 

Standard error of the determination 0.421 

 

Repeatability and Intermediate Precision 

They were assessed by carrying out three 

analyses on three different amounts of drug 

concentrations. The percentage of the relative errors 

of the samples investigated ranged 0.80–1.33, and  

the percentage of the relative standard deviation  

(% RSD) of the intraday was very low (not more 

than 5%). The findings of the investigation are 

summarized in Tables 2–3, demonstrating the 

method’s utility in the analysis of the studied drugs. 

 
Table 2 

Repeatability of the estimation of levothyroxine sodium* 

Value taken (µg/mL) Value found (µg/mL) 
Relative error value 

(%) 
Standard Deviation (SD) RSD, % 

0.20 0.198 1.000 0.005 2.525 

0.30 0.304 1.333 0.011 3.618 

0.50 0.496 0.800 0.016 3.226 
*Amounts are the average of the three values. 
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Table 3 

Intermediate precision of the procedure 

Taken 

(µg/mL) 

Interday variations (n = 3) Intraday variations (n = 3) 

Value 

found 
% recoveries SD % RSD 

Value 

found 
% recoveries SD % RSD 

0.2 0.202 101.00 0.007 3.465 0.198 99.00 0.004 2.020 

0.3 0.298 99.33 0.010 3.356 0.304 101.33 0.009 2.961 

0.5 0.497 99.40 0.005 1.006 0.498 99.60 0.008 1.606 

 

Spiking study of the procedure 

They were estimated by adding three different 

amounts of drug concentrations to a fixed amount  

of the prepared drugs and then determined by the  

procedure under study. Each experiment was 

carried out three times. The recoveries (%) for the 

drug sample were found to be 98.75–100.20% 

(Table 4), which shows good accuracy.  

 
Table 4 

The percentage recoveries of the estimation of levothyroxine sodium (0.3 µg/mL levothyroxine sodium) 

Added value (µg/mL) Found value, (µg/mL) % Recoveries % RSD 

0.1 0.395 98.75 2.57 

0.2 0.506 100.20 1.91 

0.5 0.797 99.63 2.24 

 

Ruggedness  

A ruggedness parameter is a factor of method 

validation which is related to the precision 

estimation, reproducibility, and repeatability.42  

It refers to the ability of the procedure to remain  

steady as small variations in its analytical method 

parameters are run. As indicated in Table 5, the 

percentage recoveries were used, and the variations 

were found to be very small and didn't affect the 

method. 

 

Table 5 

Ruggedness of the proposed spectrophotometric method for levothyroxine sodium (0.3 µg/mL) 

* Recoveries were estimated as the value found/amount taken x 100. Amounts are the average of the three values. 

 

Application of the method  

The above findings of the method validation of 

levothyroxine sodium in the studied drugs reveal 

excellent results. Hence, the two drugs (Eltroxin and 

Euthyrox) were analyzed individually using the 

studied procedure (Table 6), the method can be 

compared with the previous work that determined 

the Levothyroxine Sodium (LT4) in tablets of 

different doses spectrophotometrically and 

validated as a derivative UV (DUV) 

spectrophotometric method.35 

 

Table 6 

Analysis of the studied drugs in their dosages 

Sample Dosage amount per tablet Percentage ± SD 

Eltroxin 100 µg of Levothyroxine Sodium  101.38 ± 0.21  

Euthyrox 100 µg of Levothyroxine Sodium  99.63 ± 0.27 

The parameter Amount % Recovery* % RSD 

pH 
9.80 

10.20 

99.24 

101.12 

2.20 

3.03 

B-DMG concentration, % (w/v) 
0.28 

0.32 

99.50 

101.70 

2.24 

2.85 

Temperature, °C 
23 

27 

100.40 

101.31 

2.20 

2.45 

Reaction time, min 
3 

7 

99.56 

100.50 

2.31 

2.27 
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EXPERIMENTAL 

Equipment and Apparatus 

A UV-visible split-beam spectrophotometer 
(Optima, model SP-3000, Japan), with a wavelength 
range of 190~1,100 nm, was used to measure 
absorbance. A pH meter (model 3305, Jenway 
Company, United Kingdom) was used. A water bath 
(Daihan Labtech Company, LWB-122D, Indonesia), 
and an analytical balance (Resolution (0.001g), GF-
600, A&D Company, USA) were also utilized. All 
glassware used were of calibrated (Pyrex brand, 
Cole-Parmer, USA). The mentioned equipment and 
apparatus were carefully before used. 

Chemicals, pharmaceuticals, and reagents  

Chemicals of analytical reagent grade (Sigma-
Aldrich products) were used, and deionized water 
was utilized for the preparation of all reagents and 
solutions. Eltroxin tablets (provided by Aspen 
Company, Germany) labeled as 100 µg 
Levothyroxine Sodium for each tablet and Euthyrox 
tablets (provided by Merck, Germany) labeled as 
100 µg Levothyroxine Sodium for each tablet were 
used. 

Buffer solutions preparation  

A pH range of 3.0–11.0 of buffer solutions were 
prepared by combing NaH2PO4 with NaOH 
solutions, CH3COOH with CH3COONa solutions, 
and Na2CO3 with NaHCO3 solutions. A pH meter 
was utilized to adjust each buffer solution.      

Chromogenic solution preparation  

1.0 g of dimethylglyoxime (DMG) was precisely 
weighed, dissolved in 20.0 mL of ethanol, put into 
a 100 mL volumetric flask, completed with 
deionized water to the mark, and then combined 
with 100 ml of Benedict reagent (B) to give a dark 
brown solution of B-DMG. The mixture was then 
diluted to get 0.1-0.5% w/v (B-DMG). The reagent 
was preserved from light throughout usage. 

Drug sample solutions preparation  

Three tablets for each Eltroxin and Euthyrox 
drug were separately pulverized and thoroughly 
combined. The stated weight of each drug (Eltroxin 
100 µg and Euthyrox 100 µg) was well crushed 

using a common mortar and pestle, precisely 
weighed, put into a small beaker, dissolved in 15 
mL of deionized water, transferred quantitatively to 
a 25 mL volumetric flask, and completed to the 
mark using deionized water. The contents of the 
flask were shaken vigorously and allowed to stand 
for five minutes and then filtered to remove any 
impurities. Deionized water was used to dilute the 
prepared solutions to an appropriate concentration 
for the evaluation.   

Levothyroxine sodium stock solutions 
preparation 

Three tablets were finely ground, then an amount 
equal to 300 µg of LEVO-Na was precisely weighed, 
dissolved in deionized water, put into a 200 mL 
volumetric flask, and completed to the volume to 
get 1.5 µg/mL. This solution was shaken, filtered, 
and stored at 4 °C. The working solutions in the 
range of 0.1–1.5 µg/mL were obtained by further 
dilution of the stock solution and were shaken and 
filtered.   

Reaction stoichiometric ratio 

The continuous variation method, according to 
Job’s procedure, was used.40 The B-DMG and drug 
mixture of equimolar were prepared. A 10 mL set of 
B-DMG and drug were prepared according to the 
fractions (0:10, 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 
9:1, 10:0). 

Spectrophotometric method using a B-DMG 
mixture  

2 mL of each of the prepared drugs were 
transferred into a 10 mL volumetric flask, and then 
1 mL of 0.30% (B-DMG) and 2 mL of pH 10.0 
buffer solution were added to the drugs. The 
solutions were allowed to stand at room temperature 
for five minutes, and the absorbances were recorded 
at a wavelength of 382 nm.   

CONCLUSIONS 

The levothyroxine sodium drug was assessed and 
validated, which was very rarely investigated in 
previous studies, especially by UV-visible 
spectrophotometers. The treatment of the 
levothyroxine sodium drug with a Benedict-
dimethylglyoxime mixture was considered for the first 
time as a key factor in determining the levothyroxine 
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sodium in the drugs.  The current work showed an 
excellent determination of the B-DMG mixture in the 
validation of a low-cost, secure, fast, safe, and 
consistent UV-visible spectrophotometric technique 
for assaying levothyroxine sodium drugs (Eltroxin and 
Euthyrox), an important synthetic hormone that 
replaces thyroid hormone produced by thyroid gland. 
The proposed study surpasses the previously used 
UV-visible spectrophotometric procedure for the 
analysis of levothyroxine sodium drugs (Eltroxin and 
Euthyrox). Furthermore, the availability and low cost 
of the chemicals used, as well as the ability of the 
procedure to measure stable-colored species rapidly 
and without extraction. As a result, the procedure is 
very useful for applications in any laboratory for the 
investigated drug analysis. 
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