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Abstract: A simple, sensitive, and repeatable high-performance liquid chromatographic method 

using fluorescence detection was developed and validated for quantifying of mixed tocotrienols (α-, 

γ-, δ-) in human plasma. After deproteinization with a mixture of acetonitrile: tetrahydrofuran (3:2, 

v/v), the supernatant was directly injected into the HPLC system. The mobile phase was comprised 

of methanol. Analyses were conducted at a flow rate of 1.5ml/min with the detector operating at 

excitation wavelength of 296nm and emission wavelength of 330nm. The quantification limit is 

4.6ng/ml for δ-T3, 19.2ng/ml for γ-T3, and 12.7ng/ml for α-T3, respectively. The mean absolute 

recovery values ranged from 85.0% to 111.2%, while the intra-day and inter-day relative standard 

deviations were all below 15%. The calibration curve was linear for α-, γ-, and δ-T3, at a concentration 

range of 12.7-2538.6ng/ml, 19.2-3839.3ng/ml, and 4.6-923.1ng/ml respectively. Moreover, only a small 

sample plasma volume (250µl) is required for the analysis, Overall, this method is validated with 

acceptable precision and accuracy, and can be used to analyse tocotrienol samples obtained from 

preclinical and clinical studies in a speedy and reproducible manner. 

Keywords: Fluorescent detection; HPLC; Plasma; Blood; Tocotrienol; Vitamin E 

 

1. Introduction 

Vitamin E, an essential organic oil-soluble micronutrient crucial for maintaining normal 

physiological functions and offering numerous benefits to the human body [1, 2], naturally occurs in 

two main forms: tocotrienols (T3s) and tocopherols (Tocs). Each of these forms has four isoforms (α-

, β-, γ-, δ-) [2, 3], as illustrated in Figure 1. While early studies primarily focused on the benefits of 

Tocs, the current trend has shifted towards T3s, which have been found to possess superior 

therapeutic potential. Consequently, T3s are gaining more attention in the context of 

noncommunicable diseases, with recent research highlighting their significant antioxidant, 

antiapoptotic, and antinecrotic properties, with α-T3 leading the way [3, 4]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
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Figure 1. Molecular Structure of Vitamin E forms (Tocopherol and Tocotrienol). Created with ChemDraw 

Professional 15.0. 

Palm oil stands out as a major source of tocotrienols, comprising 30% Tocs and 70% T3s, with 

α, γ, and δ as the principal constituents. The recommended dosages for potential health benefits 

range from 100–200 mg/day for neuro and renal protection, anti-inflammatory, and anti-aging 

related diseases. For cardio protection, the suggested dosage varies from 100–960 mg/day [4]. 

The literature describes various high-performance liquid chromatographic methods for 

determining tocotrienols in biological samples. However, many of these methods focus on only one 

T3 isoform [5, 6]. Methods capable of detecting multiple T3 isoforms often lean towards mass 

spectrometry (MS), occasionally coupled with atmospheric-pressure chemical ionization (APCI), but 

the associated technology is costly, impeding reproducibility [7–9]. Lee [10] introduced a method for 

quantifying T3s using electrochemical detection, but it involves a time-consuming preparation 

procedure, requiring overnight incubation and drying of serum samples before injection into HPLC. 

Fluorescence detection in HPLC offers several advantages over other detection methods, 

particularly in terms of sensitivity, selectivity, and specificity [11], with significantly lower detection 

limits, allowing for detection of low abundance compound in complex biological samples [12, 13]. 

Additionally, the ability to acquire complete fluorescence spectra provides a significant advantage 

for qualitative examination compared to single-wavelength measurements [11, 14]. Only two 

validated methods for T3 analysis in blood plasma, utilizing fluorescence detection, have been 

previously described [12, 15]. Yap ‘s [15] method has lower sensitivity despite an appropriate 

retention period of 12 minutes and a straightforward sample preparation procedure. Che’s [12] 

approach involves normal-phase columns, an extended retention time of 30 minutes, and a more 

complex sample preparation method, including two rounds of vortexing, addition of NaCl, ethanol, 

and n-hexane, followed by shaking for 1 hour and drying with nitrogen gas before reconstitution 

with mobile phase for analysis, requiring multiple chemicals and equipment. 

In this paper, we present a rapid, specific, and sensitive HPLC method with a simple sample 

preparation step for determining mixed tocotrienols in human plasma using fluorescent detection. 

2. Materials and Methods 

Materials 

All solvents (Acetonitrile, Methanol, Tetrahydrofuran) used were of HPLC grade and were 

purchased from DUKSAN pure Chemicals (Korea). Tocotrienol rich fraction (TRF50) secondary 
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standard which contains of α-, γ-, and δ-T3 at 12.1%, 18.3%, and 4.4%, respectively, was obtained 

from SOP Green Energy Sdn. Bhd. (Malaysia) and blank human blood plasma was obtained from 

blood bank Hospital Pulau Pinang (Malaysia).  

Instrumentation 

The Alliance HPLC system from Waters Corporation (United States) comprised of a e2695 

separations module and a 2475 Fluorescent detector. A refillable guard column filled with Partisil-10 

ODS-3 (Whatman, United States) was installed on a C18 column (250x4.6mm, 4µm, Hichrom, 

Singapore). The detector was operated on. The mobile phase consisted of 100% methanol. Analysis 

was run on a flow rate of 1.5ml/min at 28±2℃ and the samples quantified using peak area. 

Sample Preparation 

250µl of human plasma sample was pipetted into a microcentrifuge tube and 500µl of 

acetonitrile: tetrahydrofuran (3:2, v/v) mixture was added to deproteinize the sample. The sample 

was then vortexed for 2min and centrifuged at 12,800xg for 15min. The supernatant was then 

transferred into an HPLC vial and 50µl of sample was injected for HPLC analysis. 

Assay Validation 

Stock solution was prepared in methanol and standard calibration curves were created by 

adding known amounts of α-, γ-, and δ-T3 to filtered blood plasma in the ranges of 12.7-2538.6ng/ml, 

19.2-3839.3ng/ml, and 4.6-923.1ng/ml, respectively. Likewise, plasma standards were used to assess 

the method’s inter-day and intra-day precision (n=6) which was established using the coefficient of 

variation (C.V.). Absolute recovery (n=3) was calculated through comparison of peak areas with T3s 

solutions at equivalent concentration following the same treatment with the deproteinizing mixture 

as used for plasma samples. Endogenous T3s from human blank plasma have been subtracted from 

all the data obtained for data calculation purposes. 

Stability 

The lowest and highest concentration of the calibration curve were used to assess the tocotrienols 

stability (n=3) in both human plasma and stock solution. The acceptance criteria are 85% to 115% for 

plasma samples and 98% to 102% for drug solution samples. The data were reported as mean 

percentages. 

𝑺𝒕𝒂𝒃𝒊𝒍𝒊𝒕𝒚 (%) =
(𝑷𝒆𝒂𝒌 𝑨𝒓𝒆𝒂 𝒐𝒇 𝑻𝒆𝒔𝒕 𝑺𝒂𝒎𝒑𝒍𝒆

𝑷𝒆𝒂𝒌 𝑨𝒓𝒆𝒂 𝒐𝒇 𝑭𝒓𝒆𝒔𝒉𝒍𝒚 𝑷𝒓𝒆𝒑𝒂𝒓𝒆𝒅 𝑺𝒂𝒎𝒑𝒍𝒆)
 

Plasma samples underwent a freeze-thaw stability assessment, involving two cycles of freezing 

and thawing, followed by examination. Short-term stability was evaluated by thawing at room 

temperature for 8 hours before processing and analysis. Additionally, stability samples were stored 

at -20°C for two months to confirm the long-term stability of T3s in blood plasma. For the post-

operative stability test, samples were placed in the autosampler for 8 hours before re-injection and 

comparison with a freshly prepared counterpart. The stability of the T3 stock solution was also 

assessed through short- and long-term stability tests, mirroring the procedures described above for 

T3s in plasma. 

3. Results & Discussion 

Figure 2 and 3 displays chromatograms obtained with blank plasma and plasma spiked with 

mixed tocotrienols, respectively. Upon referencing Figure 2, it is evident that endogenous T3 was 

present in the pooled blank plasma, with concentrations approximately at 2.36 ng/ml for δ-T3, 21.60 

ng/ml for γ-T3, and 21.71 ng/ml for α-T3. These values were estimated through extrapolation of the 

standard curve using the standard addition method [16]. The peaks exhibit retention times of 

approximately 4.9 minutes, 5.5 minutes, and 6.2 minutes for δ-T3, γ-T3, and α-T3, respectively, and 

are well-resolved from other interfering peaks. Therefore, this method allows for the detection of 

most T3s within a relatively short run time, making it suitable for the analysis of numerous samples. 
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Figure 2. Chromatogram of T3 endogenous level in blank human plasma. 

 

Figure 3. Chromatogram of T3 spiked human plasma with δ-T3 (230.8ng/ml), γ-T3 (959.8ng/ml), and α-T3 

(634.6ng/ml). 

Many reported methods employ normal-phase columns for separation, a choice influenced by 

the lipophilic nature of T3s. However, ODS columns, being more widely used, make reversed-phase 

conditions preferable for LC separation [5]. In contrast to normal-phase, the reversed-phase mode 

offers shorter analysis times, improved retention time repeatability, and greater robustness, stability, 
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and compatibility with biological samples [12, 17, 18]. Reversed-phase has also been noted to achieve 

higher sensitivity for tocochromanols compared to normal-phase [17]. 

This method was developed based in the physiochemical properties of T3s, such as its 

separation, dissociation, solubility, and pH [19]. Separation was achieved with a flow rate of 1.5 

ml/min and a mobile phase of 100% methanol. Methanol was optimized as the mobile phase due to 

the highly lipophilic nature of T3, making them highly soluble in methanol. The decision against 

adding water to the mobile phase was based on the observation that a higher water content increases 

separation time and causes tailing [14, 17]. Additionally, there were no reported overlapping or 

interfering peaks due to the column's particle size of 4µ, resulting in superior separation compared 

to its 5µ counterpart, rendering the addition of water unnecessary. 

This method does not account for the detection of β-T3s. This omission is due to the standard 

used for method validation lacking quantifiable amounts of β-T3s, and current research primarily 

focusing on the other three isoforms. 

The standard calibration curve demonstrated linearity with a correlation coefficient value of 

>0.999 across the concentration range used for all T3 isoforms tested. A linear calibration curve 

(Figure 4) was established for δ-T3 (4.6-923.1 ng/ml), γ-T3 (19.2-3839.3 ng/ml), and α-T3 (12.7-2538.6 

ng/ml). 

 

Figure 4. Calibration curve of T3s in Human Spiked Plasma (n=3). 

Table 1, 2, and 3 presents the absolute recovery, within-day and between-day accuracy, and 

precision values. The coefficient of variation (C.V.) values for both intra-day and inter-day 

assessments were all below 15%, while the accuracy, indicated by the percentage error values, was 

also less than 15%. These results signify that the assay procedure demonstrates satisfactory accuracy 

and precision. Furthermore, the method has a limit of quantification of 4.6 ng/ml for δ-T3, 19.2 ng/ml 

for γ-T3, and 12.7 ng/ml for α-T3, comparable to values reported in the literature [12, 15]. 

Our study employed a method involving the direct injection of plasma samples after a simple 

one-step deproteinization procedure. The recovery of T3 at various concentration values is detailed 

in Table 1, 2, and 3, where all concentrations exhibit a recovery value greater than 85%. The stability 

of the column was unaffected by direct deproteinization with the current procedure. The resolution 

and retention time of the drug peak remained consistent even after analyzing over 300 samples. 

Table 1. Absolute recovery precision and accuracy, intra-day and inter-day precision (n=6) for δ-T3. 
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Concentratio

n (ng/ml) 

Recover

y 

  Intra-day 

(Within) 

Inter-day 

(Between) 

 C.V.  Accuracy (%) Precision (C.V.) Precision 

(C.V.) 

4.6 4.3 102.8  4.7 12.5 

23.1 1.7 108.8  1.6 12.8 

46.2 2.7 97.7  2.9 5.9 

230.8 4.3 99.6  5.4 5.8 

461.6 2.9 109.1  6.1 8.3 

923.1 0.8 108.2  3.0 6.4 

Table 2. Absolute recovery precision and accuracy, intra-day and inter-day precision (n=6) for γ-T3. 

Concentratio

n (ng/ml) 

Recover

y 

  Intra-day 

(Within) 

Inter-day 

(Between) 

 C.V.  Accuracy (%) Precision (C.V.) Precision 

(C.V.) 

19.2 1.3 94.7  7.7 12.7 

96.0 2.0 104.4  1.6 6.3 

192.0 3.5 90.9  2.7 6.2 

959.8 4.3 97.6  6.3 7.1 

1919.7 3.0 106.3  7.4 8.6 

3839.3 0.8 106.2  1.7 7.0 

Table 3. Absolute recovery precision and accuracy, intra-day and inter-day precision (n=6) for α-T3. 

Concentratio

n (ng/ml) 

Recover

y 

  Intra-day 

(Within) 

Inter-day 

(Between) 

 C.V.  Accuracy (%) Precision (C.V.) Precision 

(C.V.) 

12.7 1.3 102.1  7.0 10.2 

63.5 0.2 111.2  1.8 10.2 

126.9 0.8 91.1  1.9 6.4 

634.6 1.6 85.0  4.9 8.5 

1269.3 1.2 97.1  4.9 10.9 

2538.6 0.1 93.5  2.0 8.3 

Following post-operative, freeze-thaw, short-term, and long-term stability tests, and with a 

stability mean percentage ranging between 85% and 115% for all plasma stability analyses, and 98% 
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to 102% for stock drug solution analyses, it was concluded that the analyzed T3s exhibited stability 

in both the drug solution and spiked plasma. 

Table 4. Stability Test for T3 spiked human plasma. 

 Concentration (µg/ml) Stability mean percentage (%) 

Freeze and Thaw delta gamma alpha 

 0.1 111.3 109.5 111.6 

 20 104.6 100.7 101.9 

Short-term delta gamma alpha 

 0.1 109.8 112.3 103.0 

 20 104.1 104.2 100.1 

Long-term delta gamma alpha 

 0.1 107.2 113.5 111.0 

 20 100.9 103.7 102.7 

Post-operative delta gamma alpha 

 0.1 107.1 114.6 114.4 

 20 100.6 100.2 101.1 

Table 5. Stability Test for T3 drug solution. 

 Concentration (µg/ml) Stability mean percentage (%) 

Short-term delta gamma alpha 

 0.1 98.8 100.9 98.9 

 20 101.8 101.9 101.8 

Long-term delta gamma alpha 

 0.1 98.3 102.0 101.2 

 20 98.9 102.0 99.3 

T3s, a form of vitamin E, is fat-soluble, which results in poor, low, and erratic bioavailability. 

Numerous studies have focused on improving its formulation. Consequently, the assay used must 

be precise to accurately measure blood levels and assess bioavailability. The current approach was 

employed to assess plasma samples collected from a healthy adult volunteer participating in a 

bioavailability study involving 200mg of mixed T3. The plasma concentration profiles of the 

volunteer are depicted in Figure 5.  
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Figure 5. Plasma tocotrienol concentration versus time profiles after oral administration of 200mg mixed 

tocotrienol. 

We acknowledge certain limitations and variations in the results, which can be attributed to 

dietary differences. The postprandial levels of tocotrienols in the blood plasma vary among 

individuals, leading to inconsistencies in the results depending on the batch of blood samples 

analysed. Additionally, tocotrienols were detected in fasted plasma for up to 8 hours, as the clearance 

rates of circulating tocotrienols differ between individuals and their diet [20]. 

In summary, the HPLC method described herein is straightforward, specific, sensitive, and well-

suited for the routine measurement of plasma T3, as well as for application in pharmacokinetic and 

bioavailability studies. 

4. Conclusions 

A simple, specific, sensitive, and reproducible HPLC method was developed and validated to determine 

T3s (alpha, gamma and delta) levels in human plasma. This method is validated with sufficient precision and 

accuracy, and the tocotrienols were found stable in various storage conditions. This HPLC method will be useful 

for preclinical and clinical studies to obtain accurate and sensitive detection of T3s in blood plasma in an easy 

and reproducible manner. 
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