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Abstract 

A fast and sensitive chromatographic RP–HPLC technique for examining tramadol 

hydrochloride (TRM-HCl) in tablets through using fluorescence detection (FL-D) and 

ultraviolet detection (UV-D) is reported in this paper. The separation was carried out using the 

reverse phase method on a Brownlee BIO C18 analytical column with a mobile phase 

consisting of 0.1% acetic acid and acetonitrile (2.5:7.5 v/v), which was pumped with an 

isocratic elution at a flow rate of 1 ml/min. The LOD and LQD values obtained in the current 

study indicate that FL-D is more sensitive, and hence preferable to UV detectors in the 

quantification of TRM-HCl tablets over the entire concentration range used (5-125 µg/ml). 

The study showed that the mean percentage recoveries from five samples were 99.93-

100.023% (FL-D), which is somewhat similar to that of the UV-D (99.93-100.028). In 

conclusion, although Fl-D is acceptable for the quantification of tramadol tablets, UV-D offers 

higher detection sensitivity and reproducibility, particularly within concentrations that are low 

in the deposit collectors. 
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Introduction 

Tramadol hydrochloride (TRM-HCl), (1R,2R) ‐2‐ ((dimethylamino) methyl) ‐1‐ (3 

methoxyphenyl) cyclohexan‐1‐ol (Scheme1), is a central analgesic with a low affinity for 

opioid receptors. It is used to alleviate moderate to severe pain (Dayer, Collart and Desmeules, 

1994; Kanaan et al., 2006; Abdel‐Megied and Badr El‐din, 2019; AlSamarrai, Abdoon and 

Hashim, 2019). TRM-HCl is a synthetic opioid agonist and serotonin reuptake inhibitor, 

whilst TRM is a safe drug for respiratory depression, cardiovascular and neurotransmission, 

unlike some other opioids (Klotz, 2003). This drug has two enantiomers and has a general 
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structure related to those of codeine and morphine. Interestingly, it has been reported that each 

enantiomer achieves analgesic activity through its own specific mechanism (Raffa et al., 

1993). 

 

 

Scheme (1): Structure of Tramadol Hydrochloride (TRM-HCl). 

 

Unlike other morphine derivatives, the racemic combination of TRM-HCl has a powerful 

analgesic effect and tolerability compared to its individual enantiomers. This augmented 

analgesic activity is attributed to the enhanced inhibitory effects on pain transmission across 

the spinal cord through two different mechanisms (Budd and Langford, 1999), which comprise 

serotonin reuptake inhibition(Raffa et al.)via -TRM-HCl and/or epinephrine reuptake 

inhibition by (-)-TRM-HCl. TRM-HCl which is metabolized by the CP450 enzyme in the liver 

to form 11 metabolites. The (+)–TRM-HCl is the most predominant metabolite that acts as an 

μ-opioid agonist and has the advantage of low addiction, and is applied to relieve the pain 

caused in certain medical circumstances and by various diseases (e.g., for postoperative pain, 

dental pain, cancer, acute musculoskeletal pain, and as an adjuvant to patients with 

osteoarthritis and anxiety and depression) (Grond and Sablotzki, 2004; Salem et al., 2008; 

Organization, 2014, Clarot et al., 2003; Daubin et al., 2007). However, Although, TRM-HCl is 

mostly considered safe, a number of instances of administration of a lethal dose have been 

reported by the WHO, particularly in the Middle East, due to abuse. For this reason, the WHO 

has restricted several illegal tablet formulations (Goodarzi, Mehrpour and Eizadi-Mood, 2011; 

De Moraes et al., 2012; Dhillon, 2010; Raber and Momberger, 2002). Various analytical 

techniques have been employed to evaluate the quality of tramadol in pharmaceutical 

preparations, such as spectrophotometry (Küçük and Kadıoğlu, 2005; Rathore et al., 2009; 

Rajasekhar et al., 2011; Rajitha et al., 2011), the highly sensitive LC–MS/MS(Abdel‐Megied 

and Badr El‐din, 2019), spectrofluorometric techniques (Smith et al., 2008; Prabu et al., 2009), 

and HPLC coupled with UV (Kartinasari, Palupi and Indrayanto, 2004; Rajendraprasad et al., 

2011; Kilaru et al., 2018) or FL (Overbeck and Blaschke, 1999; Saccomanni et al., 2010). As 

compared with the above techniques, high-resolution capillary GC has been less frequently 

used (Yilmaz and Erdem, 2015); indeed, there are few articles in the literature describing 

either the determination of tramadol in various matrices or of the high-performance thin-layer 

chromatography (HPTLC) determination of tramadol and its impurities in pharmaceutical 
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preparations (Krzek and Starek, 2004; Smith et al., 2008; Venkateshwarlu et al., 2008). In this 

context, Krzek and co-workers investigated performance separation on silica gel-coated 

chromatographic plates (HPTLC) using two mobile phases: (I) chloroform methanol-glacial 

acetic acid (9:2:0.1, v/v/v); and (II) chloroform-toluene-ethanol (9:8:1, v/v/v) (Krzek and 

Starek, 2004). However, these techniques can be time consuming, expensive, and often need 

some form of pre-treatment step. UV methods are very commonly used as detectors in HPLC 

analysis, but this approach is not very sensitive, especially when purine nucleosides are 

determined in biological samples. Nevertheless, UV detection is considered the most common 

method of detection in combination with HPLC for TRM determination (Patrolecco et al., 

2013; Saravanan and Revathi, 2014; Giuliani et al., 2016). Hence, to improve the sensibility 

and reduce interference, an FL detector could be used to promote new techniques to assay 

TRM-HCl tablets as it will be described in this article. The aim of this study is to re-examine 

and validate similar HPLC procedures through using two different detectors (UV-D and FL-D) 

and by using the HPLC data of TRM-HCl tablets in Al-Bayda City, Libya as the case study. 

To investigate which detector is most sensitive and responsive to the presence of TRM-HCl, 

this work compares the use of separation with reverse phase RP-HPLC followed by FL 

detection to the one followed by UV detection. The results of the proposed techniques were 

established to be satisfactory and reliable, and the use of UV-D and FL-D did not show any 

considerable differences. 

Experimental  

Apparatus   

Chromatographic separation was performed using a modular HPLC system: a Perkin Elmer 

HPLC Series PE-200 (USA), a Brownlee BIO C18 reversed-phase analytical column, 5 µm 

particle size, with dimensions 250 × 4.6 mm operating at ambient temperature, equipped with 

a P200 pump, solvent degasser DGU-3A, an automatic sampler AS200, a Rheodyne injector 

with a200 µl loop, with two types of detectors allowing the switch between either a UV-VIS 

detector (Series 200) for absorption measurements at 211 nm and/or a fluorescence detector 

(Series 200) for detecting light emission at λex/em = 272/298 nm with appropriate 

communication interface (Network Chromatography Interface NCI 900). All experiments 

were carried out in air at room temperature; final dataanalysis was performed using Microsoft 

Excel and Origin Lab Origin software. 

Reagents and Solutions 

All the chemicals used were supplied from Sigma Aldrich and CISME, Italy, without further 

purification. The solutions were prepared using double distilled water with a specific 

conductivity of 0.2 μS, as follows: 

Tramadol HCl (TRM-HCl) stock solutions (1000 µg/ml) were prepared in high purity distilled 

water (100 ml) at room temperature. From this stock solution, working standard solutions 
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containing 5-25 μg/ml and 50- 125 μg/ml of TRM-HCl were prepared by serial dilutions for 

this study at room temperature. 

Procedure for the Preparation of TRM-HCl Solution and Mobile Phase 

Five TRM-HCl tablets (225 mg, Wave Pharmaceuticals Ltd) were powdered and mixed, and 

the powder (225 mg) then dissolved in 100 ml of double distilled water. The mixture solution 

was shaken well and filtered to remove any impurities in the remaining solution. The final 

volume was then adjusted with double distilled water; 10 μl aliquots of this solution were 

injected into the RP-HPLC by an auto injector. The average content of the tablets was 

determined by via comparison toa calibration curve. The mobile phase, consisting of acetic 

acid (CH₃COOH, 0.1%) and acetonitrile (MeCN) in a ratio of 2.5:7.5 v/v, was pumped in 

isocratic elution mode at a flow rate of 1 ml/min and with an injection volume of 10µl. 

Results and Discussion 

To establish the conditions for UV detection of TRM-HCl, the optimal UV wavelength of the 

detector had to be determined. The absorption spectra for TRM-HCl constituents presented in 

Figure (1a) closelyresemble each other. It is evident from this figure that the excitation 

wavelengths were 211, 265 and 272 nm Figure (1a). Since the excitation wavelengths of 211 

and 265 nm are likely to be subject to significant interference, and there is no clear evidence 

for separate peaks at longer wavelength, thus the maximum absorbance at λ = 272 nm was 

chosen as the compromise optimum excitation wavelength Figure (1b). Based on this, 

appropriate experimental conditions were established for the FL-D used for the HPLC 

determination of TRM-HCl, and where the λex and λem of 272 and 298 nm, respectively, of the 

fluorometers were the principal requirements for obtaining the maximum response (peak area 

counts) in the FL-D of TRM-HCl. The absorption and emission data recorded are consistent 

with those previously published in (Rathore et al., 2009; Smith et al., 2009; Zidane et al., 

2019). Notably, any deviation from these chosen parameters yielded inconsistent results and 

lower sensitivities. In other words, instrumental setup could play an effect on sensitivity. UV-

Vis spectrometers are was often horizontal in terms of incident beam, the sample, and the 

detector. FL spectrometers are was frequently at 90 degrees to observe the fluorescence from 

the sample without interference from the incident excitation beam. This suggests that the S/N 

would be better, yielding higher sensitivity. Various chromatographic conditions using 

different mobile phases (CH₃COOH/MeCN) were assessed to achieve good separation, 

resolution, and short run times. Optimal conditions were found as an isocratic elution using a 

column Brownlee BIO C18 type, 5µm particle size (250 × 4.6 mm). The various assays 

demonstrated that a proportion of CH₃COOH (0.1%)/MeCN (2.5:7.5v/v) was the most 

favourable, with TRM-HCl elution observed at ca. 4.15 min at a flow rate of 1.0 min/ml at 

aλabs of 211 nm and λex/em of 272/298 nm. Typical chromatograms are depicted in Figure (2). 
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Figure (1): (a) Absorption Spectra for 1-5 µg/ml TRM-HCl, and (b) Normalized Fluorescence 

Spectrum for 5 µg/ml TRM-HCl in MeCN at Room Temperature in Air. 

 

The injection volume was 10 μl for a room temperature working standard solution. Figure (2) 

illustrates the chromatographic response of TRM-HCl standards with selected concentrations 

of 25, 75 and 125 µg/ml using 10 μl injections obtained for FL-D and UV-D. The mean 

retention times (tR, min) for the TRM-HCl in the two detectors were 4.11 mins. (FL-D), and 

4.25 mins. (UV-D). The analyte peak obtained from each detector, depending on its 

sensitivity, was sharp and well defined; the most notable point was that as the concentration 

increased from 5 to 125 µg/ml, a gradual increase in the sensitivity was observed for both 

detectors. However, the baseline stability in the UV-D showed a broad band and, accordingly, 

the chromatographic efficiency was rather low compared to the two FL-D. The 

chromatograms of TRM-HCl extracts Figure (2) did not show any interfering peak 

corresponding to the tR of TRM-HCl. The relatively high sensitivity of FL-D might be because 

the emission signal was measured over a low background level. This is inherently more 

sensitive than comparing two relatively large signals, as in the UV detector. 

 

 

Figure (2): Representative Chromatograms Obtained from RP-HPLC FL-D and UV-D Studies 

(TRM-HCl, with Selected Concentrations; Injected: 10 μl; Flow Rate: 1.0 ml/min) at Room 

Temperature. 
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Calibration Curve and Linearity 

A relationship between the average area count SD (n = 3) and the matching concentrations (5-

25 and 50-125 µg/ml) for each of the detectors (UV-D and FL-D) was plotted for the 

investigated compound. The linear portion of each curve was fitted via simple linear 

regression, y = ax + b, where x is the standard solution concentration in µg/ml and the peak 

area count (y), gradient (a), and intercept (b), as shown in Figure (3), with the associated data 

reported in Table (1). For each of the detectors, the investigated compounds showed a linear 

relationship over the selected concentration range with R2> 0.98. High R2 values for FL-D 

(R2>0.99) were observed over the 50-125 µg/ml concentration range. These data are very 

similar to the literature data (0.997 for FL-D and 0.998 for UV-D). 

As explained previously, the higher R2 valuessuggest that this detector is relatively reliable in 

its response to a wide range of TRM-HCl concentrations compared to UV-D (Sundaram and 

Curry, 1997). The detector sensitivity indicated by the gradients of the straight lines illustrated 

in Figure 3 indicates that FL-D is very sensitive across all concentrations (range: 5-25 µg/ml 

or 50-125 µg/ml). The corresponding sensitivity ratio computed fromthe gradients is reported 

in Table (1). 

 

 

Figure (3): Calibration Curves for TRM-HCl Standards Using UV and FL Detectors After Post-

Column Derivatization. 

 

The limit of detection (LOD) and the limit of quantification (LOQ) for TRM-HCl were 

established for each of the detectors using the calibration standard. LODs and LOQs were 

calculated as analyte concentrations giving rise to signal-to-noise ratios of 3 and 10, 
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respectively, through the following expression, as suggested by the ICH standard (Swartz and 

Krull, 2018). 

LOD = 
𝑺𝒚/𝒙

𝒈𝒓𝒂𝒅𝒊𝒆𝒏𝒕
× 𝟑. 𝟑                                                              (1) 

LOQ = 
𝑺𝒚/𝒙

𝒈𝒓𝒂𝒅𝒊𝒆𝒏𝒕
× 𝟏𝟎                                                                (2) 

Where 𝑆𝑦/𝑥is defined as the standard deviation of the intercept (under the same conditions as 

for sample analysis), and the gradient of the calibration curve. The LODs and LOQs obtained 

for the FL-D and UV-D detectors for TRM-HCl over the two concentration ranges used (5-25 

µg/ml and 50-125 µg/ml) are reported in Table (1).  

Table (1): Regression Parameters for the Determination of TRM-HCl 

Parameters FL-D UV-D 

Range, µg/ml 5-25 50-125 5-25 50-125 

Gradient 14213.76 9637.80 1014.05 578.60 

Intercept -8544.68 550915 -218.74 41382.71 

R2 0.999 0.997 0.988 0.987 

Sy/x 20852.60 25296.10 1415.62 936.59 

LOD 4.84 8.66 4.61 5.34 

LOQ 14.67 26.25 13.96 16.19 

tR, min 4.11 4.25 

 

Unexpectedly, when using FL-D, the LOD and LOQ values for TRM-HCl were higher than 

those found with UV-D. It is noteworthy that for both detectors the changes in the LODs and 

LOQs were determined at 5-25 µg/ml, which are surprisingly somewhat similar to those for 

the higher concentration range (50-125 µg/ml). The LODs for the FL-D and UV-D detectors 

changed over the 5-25 µg/ml concentration range, whilst further increases in concentration in 

the range 50-125 µg/ml led to a gradual increase in LODs by factors of ca. 1.78 and 1.15 for 

FL-D and UV-D, respectively see Table (1). In a similar manner, the LOQ for FL-D was 

determined to be 14.67, which is similar to that of the corresponding UV-D (13.96) in the 5-25 

µg/ml concentration range, but in the higher concentration range (50-125 µg/ml) the LOQ for 

the FL-D detector was enhanced by ca. 1.62-fold compared tothe LOQ for the UV-D detector 

in the same concentration range. These data clearly suggest that FL-D increased the sensitivity 

of the method for the determination of the illegal use of TRM-HCl in water in a relative sense. 

Precision and Accuracy  

The precision and accuracy of the proposed technique was assessed by repeated analyses of 

the TRM-HCl solutions over the 5-125 µg/ml concentration range for each of the detectors. 
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The standard solutions were injected three times and the area counts for the three injections 

agreed within (Er %), showing good repeatability. The results which were expressed as a 

percentage relative standard deviation (RSD %) and a percentage relative error (Er %), and the 

associated data are reported in Table (2). For both detectors (FL-D and UV-D) the calculated 

RSD % and the Er % did not exceed 5.4%, demonstrating the high repeatability and accuracy 

of the experiment(Abdel‐Megied and Badr El‐din, 2019). It should be noted that at low 

concentrations the precision was high (low RSD %) for UV-D (average RSD % ca. 1.18 %), 

and low for FL-D (average RSD % ca. 2.44 %), whilst at high concentrations the precision 

was relatively high (low RSD%) for FL-D compared to the UV-D, see Table (2) entries 1-5 vs. 

6-9. This is consistent with a work previously published by the Curry group using the liquid 

chromatographic method with different UV and FL detectors (Sundaram and Curry, 1997). 

The SD values were found to be between 861.3-16694.1 and 93.4-813.2 for FL-D and UV-D, 

respectively, over the concentrations range used, as shown in Table (2). This suggests that the 

degree of reproducibility, as given by the SD values, decreased in the order FL-D > UV-D. 

This observation is in agreement with previous reports in (Sundaram and Curry, 1997; Zhong 

and Que Hee, 2005; Díaz-Moroles et al., 2007). 

 

Table (2): Quality of Repeatability and Reproducibility Obtained Using the RP-HPLC 

Techniques with FL-D and UV-D 

 

Application of the Technique to Real TRM-HCl Samplesin Illegal Tablet Forms 

The mean percentage recovery for each fortification level obtained from each detector with its 

standard deviation (SD) and relative standard deviation (RSD), as recorded in Table (3), were 

derived from multiple injections of samples of each of the different tablet forms. This finding 

clearly showed that changing the detectors on the RP-HPLC had almost no effect on their 

recovery. The recovery studies for TRM-HCl tablet forms were found to be in the range of 

No. 
µg/

ml 

FL Detector UV Detector 

Area* SD RSD% Found RE % Area* SD RSD% Found RE % 

1 5 80249.0 4328.8 5.39 6.2470 4.9734 5930.2 116.5 1.96 6.0638 1.8767 

2 10 128276.5 4217.3 3.28 9.6259 2.4226 9807.7 142.8 1.45 9.8876 0.9565 

3 15 180241.1 2452.6 1.36 13.2819 0.9393 13167.2 93.4 0.71 13.2006 0.5018 

4 20 269621.8 5320.0 1.97 19.5702 1.5280 19738.5 183.0 0.92 19.6808 0.7367 

5 25 364920.4 861.3 0.23 26.2748 0.1979 26316.0 237.6 0.90 26.1672 0.7652 

6 50 1046168.0 16694.1 1.59 51.3867 2.0378 70627.7 472.0 0.66 50.5447 1.3323 

7 75 1245248.0 4786.4 0.38 72.0428 0.5406 83870.3 439.9 0.52 73.4320 0.8278 

8 100 1531600.0 9246.0 0.60 101.7543 0.7833 100111.6 813.2 0.81 101.5020 1.1476 

9 125 1753866.0 8596.4 0.49 124.8162 0.3766 113430.5 579.1 0.51 124.5213 0.3951 

Average 

RE % 
 0.0751  0.0669 

                                *The value is the mean of three determinations. 
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99.93-100.023% and 99.93-100.028% for RP-HPLC using the FL-D and UV-D detectors, 

respectively, with the data for all five samples are reported in Table (3). It is worth noting that 

it is not required that 100% of the analyte is recovered, but the extent of the recovery should 

be consistent, precise, and reproducible. The mean percentage recoveries obtained from each 

detector in this study are in agreement with similar figures reported in the literature (96.33–

100.92%) for the same tramadol hydrochloride pharmaceutical drugs (Donda et al., 2016; 

Abdel‐Megied and Badr El‐din, 2019). Moreover, the method proved to be precise for RSD % 

ca. ≤ 1%, whilst the highest RSD % was ca. 0.00118% for FL-D and 0.00102% for UV-D 

which indicates that the method is applicable to non-dosage forms as these results are 

consistent with other research, in the literature, dealing with tramadol studies carried out on 

commercial and pharmaceutical forms (Smith et al., 2008; Saccomanni et al., 2010; Setty, 

2012; AlSamarrai, Abdoon and Hashim, 2019).  

 

Table (3): Application of the Suggested Technique for Assay of TRM-HCl in Illegal Tablet 

Forms 

N

No. 

Tablet 

Forms 

TTA, 

Mg 

FL-D UV-D 

Found* 

mg 
SD 

RSD 

(%) 

Mean 

Recovery 

(%) 

Found*
 

Mg 
SD 

RSD 

(%) 

Mean 

Recovery 

(%) 

1 Tarmol-X 225 224.844 0.00266 0.00118 99.93 224.849 0.00193 0.00086 99.93 

2 

Super 

Tramadol

-X 

225 224.881 0.00072 0.00032 99.94 224.849 0.00086 0.00038 99.95 

3 

Super 

Tramadol

-Quick 

Action 

225 224.956 0.00176 0.00078 99.98 224.959 0.00229 0.00102 99.98 

4 

Super 

Tramadol 

Tablets 

225 224.969 0.00081 0.00036 99.98 224.972 0.00103 0.000458 99.99 

5 Tamol-X 225 225.051 0.00003 0.00001 100.023 225.064 0.00065 0.000288 100.028 

TTA = Theoretical Taking amount, mg 
*Average of Triplicate Measurements, SD = Standard Deviation, RSD = Relative Standard Deviation 

 

Conclusion  

The following conclusions can be drawn from the above: to the best of our knowledge, the 

present study is the first report of FL and UV detector characteristics studying TRM-HCl 

tablets used as illegal drugs. Both FL-D and UV-D allowed all five TRM-HCl concentrations 

to be detected. Though the FL-D technique did not detect interference from the hydrolysate 

blank, UV-D technique did. TRM-HCl could be detected at higher sensitivities by FL-D than 
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by UV, and consequently produced clear chromatograms at different concentrations. 

Moreover, FL detection enhanced the specificity of the method, and the sensitivity as well 

within the range necessary for the detection of levels normally present in the deficiency states 

encountered in other species. Furthermore, the method for the determination of TRM-HCl 

deposit collectors reported in this paper was simple and relatively shorter and simpler than a 

similar method reported in the previous literature (Thompson et al., 1989; Nobilis et al., 

2003), because pre-concentration by anion-exchange chromatography was unnecessary. Using 

the FL detector, the LOD and LOQ values for TRM-HCl were relatively higher than those 

found via UV detection, which clearly demonstrated that FL detection relatively increased the 

sensitivity of the technique. Although the sensitivity of fluorescence techniques can be as 

much as 1000 times greater than that of absorption spectroscopy, our study showed that the 

use of UV-D would be acceptable for the quantification of TRM-HCl. The method was found 

to be simple, precise, accurate, specific, and with a linear response over the concentration 

range tested (5-25 and 50-125 µg/ml) with a correlation coefficient >0.987 for the two 

detectors (FL-D and UV-D. The use of analytical conditions and the mobile phase system for 

the determination of TRM-HCl samples offer a particular advantage in that the rate of analysis 

can be increased without any apparent reduction in sensitivity or reproducibility within a short 

analysis time. These chromatographic conditions may also be compatible with other detection 

systems. This suggests that the method has many attractive merits, such as simplicity, 

sufficient sensitivity, high specificity, and rapid measurement times for TRM-HCl 

formulations in non-pharmaceutical preparations. Lastly, this technique does not require 

complex procedures such as sample extraction and/or sample cleaning, and does not require 

large volumes of samples and solvents. The results revealed that the applied method appears 

promising for the differentiation of genuine tramadol tablets from counterfeit ones without the 

need for prior separation. Therefore, this process can be proposed for routine analyses in 

laboratories and for the purposes of quality control. 

Acknowledgements 

The authors are thankful to the Criminal Investigations Department in Al-Byeda city, Libya, 

for providing Tramadol hydrochloride samples and Omar Al-Mukhtar University Lab for 

providing facilities to carry out this work.  

Conflicts of interest 

The researchers declare that there is no conflict of interest regarding the publication of this 

article. 

Reference 

• Abdel‐Megied, A. M. and Badr El‐din, K. M. (2019) ‘Development of a novel LC–MS/MS 

method for detection and quantification of tramadol hydrochloride in presence of some 



Journal of Applied Science                              Issue (5) September (2020) 

72 

mislabeled drugs: Application to counterfeit study’, Biomedical Chromatography. Wiley 

Online Library, 33(6), p. e4486. 

 

• AlSamarrai, S. Y., Abdoon, F. M. and Hashim, K. K. (2019) ‘A simple method to determine 

tramadol using a coated-wire electrode as a detector in the flow injection analysis’, 

Microchemical Journal. Elsevier, 146, pp. 588–591. doi: 10.1016/j.microc.2019.01.041. 

 

• Budd, K. and Langford, R. (1999) ‘Tramadol revisited.’, British journal of anaesthesia, 82(4), 

pp. 493–495. 

 

• Clarot, F, Goullé, J. P, Vaz, E, Proust, B. (2003) ‘Fatal overdoses of tramadol: is 

benzodiazepine a risk factor of lethality, Forensic science international. Elsevier, 134(1), pp. 

57–61. 

 

• Daubin, Cédric, Quentin, Charlotte, Goullé, Jean Pierre, Guillotin, Damien, Lehoux, Philippe, 

Lepage, Olivier, Charbonneau, Pierre (2007) ‘Refractory shock and asystole related to 

tramadol overdose’, Clinical toxicology. Taylor & Francis, 45(8), pp. 961–964. 

 

• Dayer, P., Collart, L. and Desmeules, J. (1994) ‘The Pharmacology of Tramadol’, Drugs, 

47(1), pp. 3 7. doi: 10.2165/00003495-199400471-00003. 

 

• Dhillon, S. (2010) ‘Tramadol/paracetamol fixed-dose combination’, Clinical drug 

investigation. Springer, 30(10), pp. 711–738. 

 

• Díaz-Moroles, Nora E., Garza-Ulloa, Humberto J., Castro-Ríos, Rocío, Ramírez-Villarreal, 

Elsa G., Barbarín-Castillo, Juan M., dela Luz Salazar-Cavazos, María, Waksman-de Torres, 

Noemí (2007) ‘A comparison of the performance of two chromatographic and three extraction 

techniques for the analysis of PAHs in sources of drinking water’, Journal of chromatographic 

science. Oxford University Press, 45(2), pp. 57–62. 

 

• Donda, S. T. et al. (2016) ‘Development and validation OF RP-HPLC method for the 

simultaneous estimation OF tramadol hydrochloride and dicyclomine IN bulk and 

pharmaceutical formulation’, Journal of the Chilean Chemical Society. Sociedad Chilena de 

Química, 61(2), pp. 2852–2855. 

 

• Giuliani, Patricia, Zuccarini, Mariachiara, Buccella, Silvana, Rossini, Margherita, D’Alimonte, 

Iolanda Ciccarelli, Renata, Marzo, Matteo, Marzo, Antonio, Di Iorio, Patrizia, Caciagli, 

Francesco (2016) ‘Development of a new HPLC method using fluorescence detection without 

derivatization for determining purine nucleoside phosphorylase activity in human plasma’, 

Journal of Chromatography B. Elsevier, 1009, pp. 114–121. 

 

• Goodarzi, F., Mehrpour, O. and Eizadi-Mood, N. (2011) ‘A study to evaluate factors 

associated with seizure in tramadol poisoning in Iran’, Indian Journal of Forensic Medicine 

&Toxicology. Dr. RK Sharma, 5(2), pp. 66–69. 



Journal of Applied Science                              Issue (5) September (2020) 

73 

• Grond, S. and Sablotzki, A. (2004) ‘Clinical pharmacology of tramadol’, Clinical 

pharmacokinetics. Springer, 43(13), pp. 879–923. doi: 10.2165/00003088-200443130-00004. 

 

• Kanaan, M, Daali, Y, Dayer, P, Desmeules, J. A. (2006) ‘653 differential transport of opioids, 

NMDA antagonist and their active metabolites may influence their analgesic efficacy’, 

European Journal of Pain, (10), p. S171. doi: 10.1016/s1090-3801(06)60656-3. 

 

• Kartinasari, W. F., Palupi, T. and Indrayanto, G. (2004) ‘HPLC determination and validation 

of tramadol hydrochloride in capsules’, Journal of liquid chromatography & related 

technologies. Taylor & Francis, 27(4), pp. 737–744. 

 

• Naveen Babu Kilaru, Murali Krishna Javvaji, Rajani Kumar Valluru, Krishna Mohan 

Chinnala. (2018) ‘Development and Validation of Rp-Hplc Method for Estimation of 

Tramadol in Extended Release Tablet’, Online) IJPBS |, 8(1), pp. 462–468. Available at: 

www.ijpbs.comorwww.ijpbsonline.com. 

 

• Klotz, U. (2003) ‘Tramadol—the impact of its pharmacokinetic and pharmacodynamic 

properties on the clinical management of pain’, Arzneimittelforschung. Editio Cantor Verlag, 

53(10), pp. 681–687. 

 

• Krzek, J. and Starek, M. (2004) ‘Quality assessment for tramadol in pharmaceutical 

preparations with thin layer chromatography and densitometry’, Biomedical Chromatography. 

Wiley Online Library, 18(8), pp. 589–599. 

 

• Küçük, A. and Kadıoğlu, Y. (2005) ‘Determination of tramadol hydrochloride in ampoule 

dosage forms by using UV spectrophotometric and HPLC-DAD methods in methanol and 

water media’, Il Farmaco. Elsevier, 60(2), pp. 163–169. 

 

• De Moraes, Natalia Valadares, Lauretti, Gabriela Rocha, Napolitano, Marcio Nogueira Santos, 

Naiane Ribeiro, Godoy, A L, Lanchote, Vera Lucia (2012) ‘Enantioselective analysis of 

unbound tramadol, O-desmethyltramadol and N-desmethyltramadol in plasma by ultrafiltration 

and LC–MS/MS: Application to clinical pharmacokinetics’, Journal of Chromatography B. 

Elsevier, 880, pp. 140–147. 

 

• Nobilis, M. et al. (2003) ‘Comparative biotransformation and disposition studies of 

nabumetone in humans and minipigs using high-performance liquid chromatography with 

ultraviolet, fluorescence and mass spectrometric detection’, Journal of pharmaceutical and 

biomedical analysis. Elsevier, 32(4–5), pp. 641–656. 

 

• Organization, W. H. (2014) ‘Tramadol update review report’, Geneva, Switzerland: World 

Health Organization. 

 



Journal of Applied Science                              Issue (5) September (2020) 

74 

• Overbeck, P. and Blaschke, G. (1999) ‘Direct determination of tramadol glucuronides in 

human urine by high-performance liquid chromatography with fluorescence detection’, Journal 

of Chromatography B: Biomedical Sciences and Applications. Elsevier, 732(1), pp. 185–192. 

 

• Patrolecco, Luisa, Ademollo, Nicoletta, Grenni, Paola, Tolomei, Antonella, Barra Caracciolo, 

Anna Capri, Silvio (2013) ‘Simultaneous determination of human pharmaceuticals in water 

samples by solid phase extraction and HPLC with UV-fluorescence detection’, Microchemical 

Journal. Elsevier, 107, pp. 165–171. 

 

• Dinesh, Kumar Chellappan, Sakthivel, Lakshmana Prabu, Shahnawaz, S, Vasanthraju, S.G. 

(2009) ‘Spectrofluorimetric method for determination of tramadol hydrochloride in bulk and 

pharmaceutical dosage forms’, Indian Drugs. Indian Drug Manufacturers’ Association, 46(8), 

pp. 630-632. 

 

• Raber, M. and Momberger, H. (2002) ‘Pharmaceutical compositions containing tramadol for 

migraine’. Google Patents. 

 

• Raffa, R. Friderichs, E., Reimann, W., Shank, R., Codd, E., Vaught, J., Jacoby, H. I., Selve, N. 

(1993) ‘Complementary and synergistic antinociceptive interaction between the enantiomers of 

tramadol.’, Journal of Pharmacology and Experimental Therapeutics. ASPET, 267(1), pp. 331–

340. 

 

• Rajasekhar, K., Shankarananth, V., Jyosthna, P., Prem Sai Chowdary, S., Purushotam Reddy, 

D (2011) ‘Spectrophotometric method for the estimation of Tramadol in bulk and capsule 

dosage forms’, J. Pharm. Res, 4(2), pp. 386–387. 

 

• Rajendraprasad, Y., Rajasekhar, KK., Shankarananth, V., Keerthisikha, P., Ravindra, A., 

Sujitha, M Mohan (2011) ‘RP-HPLC Method for the Estimation of Tramadol in Bulk and 

Capsule dosage form.’, Journal of Pharmacy Research, 4(3), pp. 886–887. 

 

• Rajitha, B, Prashanthi, S, Reddy, K Ramsubha, Rani, G Tulja (2011) ‘Extractive 

spectrophotometric determination of tramadol hydrochloride in pure and pharmaceutical 

dosage forms’, International Journal of PharmTech Research, 3(1), pp. 114–117. 

 

• Rathore, G. S. et al. (2009) ‘Spectrophotometric estimation of tramadol hydrochloride in 

pharmaceutical dosage forms’, Asian Journal of Chemistry. Asian Journal of Chemistry, 21(8), 

p. 6111. 

 

• Saccomanni, G, Carloa, S. Del, Giorgi, M., Maneraa C, Sabac, A., Macchia, M. (2010) 

‘Determination of tramadol and metabolites by HPLC-FL and HPLC–MS/MS in urine of 

dogs’, Journal of pharmaceutical and biomedical analysis. Elsevier, 53(2), pp. 194–199. 

 

• Salem, Emad A, Wilson, Steven K, Bissada, Nabil K, Delk, John R, Hellstrom, Wayne J. 

Cleves, Mario A (2008) ‘Original Research–Ejaculatory Disorders: Tramadol HCL has 



Journal of Applied Science                              Issue (5) September (2020) 

75 

promise in on-demand use to treat premature ejaculation’, The Journal of Sexual Medicine. 

Elsevier, 5(1), pp. 188–193. 

 

• Saravanan, V. Ramadoss, Revathi (2014) ‘Comparative UV-spectroscopy and HPLC methods 

for content analysis of zolpidem tartrate in solid dosage forms’, Turkish Journal of 

Pharmaceutical Sciences, 11(2), pp. 127–136. 

 

• Setty, K Nagaraja (2012) ‘A simple spectrophotometric estimation of tramadol hydrochloride 

in pharmaceutical formulations’, Chemical Science Transactions, 1(2), pp. 317–320. 

 

• Smith, A Anton, Manavalan, R, Kannan, K, Rajendiran, N (2008) ‘Spectrofluorimetric 

determination of tramadol in formulation and biological fluids’, Int. J. Chem. Sci, 6, pp. 789–

799. 

 

• Smith, A Anton, Manavalan, R, Kannan, K, Rajendiran, N. (2009) ‘Spectral characteristics of 

tramadol in different solvents and β-cyclodextrin’, Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy. Elsevier, 74(2), pp. 469–477. 

 

• Sundaram, K. M. S. and Curry, J. (1997) ‘A comparison of UV and fluorescence detectors in 

the liquid chromatographic analysis of glyphosate deposits after post-column derivatization’, 

Journal of liquid chromatography & related technologies. Taylor & Francis, 20(4), pp. 511–

524. 

 

• Swartz, M. E. and Krull, I. S. (2018) Analytical method development and validation. CRC 

Press. 

 

• Thompson, D. G., Cowell, J. E., Daniels, R. J., Staznik, B., MacDonald, L. M. (1989) ‘Liquid 

chromatographic method for quantitation of glyphosate and metabolite residues in organic and 

mineral soils, stream sediments, and hardwood foliage’, Journal of the Association of Official 

Analytical Chemists. Oxford University Press, 72(2), pp. 355–360. 

 

• Venkateshwarlu, K. et al. (2008) ‘Determination of tramadol in capsules by high performance 

thin layer chromatography–densitometry’, Curr. Trends Biotechnol. Pharm, 3, pp. 421–425. 

 

• Yilmaz, B. and Erdem, A. F. (2015) ‘Simultaneous determination of tramadol and its 

metabolite in human urine by the gas chromatography–mass spectrometry method’, Journal of 

chromatographic science. Oxford University Press, 53(7), pp. 1037–1043. 

 

• Zhong, W. and Que Hee, S. S. (2005) ‘Comparison of UV, fluorescence, and electrochemical 

detectors for the analysis of formaldehyde-induced DNA adducts’, Journal of analytical 

toxicology. Oxford University Press, 29(3), pp. 182–187. 

 

• Zidane, Salima., Maiza, Amor., Bouleghlem, Hocine., Fenet, Bernard., Chevalier, Yves (2019) 

‘Inclusion complex of Tramadol in β-cyclodextrin enhances fluorescence by preventing self-



Journal of Applied Science                              Issue (5) September (2020) 

76 

quenching’, Journal of Inclusion Phenomena and Macrocyclic Chemistry. Springer, 93(3–4), 

pp. 253–264. 

 

• Raffa, R., Friderichs, E., Reimann, W., Shank, R., Codd, E., Vaught, J., Jacoby, H. I., & Selve, 

N. (1993). Complementary and synergistic antinociceptive interaction between the enantiomers 

of tramadol. Journal of Pharmacology and Experimental Therapeutics, 267(1), 331.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


