
INTRODUCTION
A variety of malignancies, including advanced gastric and 
colorectal tumours can be treated with Tegafur, a prodrug of 
Fluorouracil (5-FU), an antineoplastic medication. Combined 
with Gimeracil and Oteracil, or with fluorouracil as tegafur-
uracil, this pyrimidine derivative is an active chemotherapeutic 
drug. Antineoplastic treatment with Gimeracil augments 
chemotherapy by raising the concentration and activity 
of the primary active ingredients. Gimeracil is part of the 
commercially marketed product “Teysuno” along with 
[DB03209] and [DB09256]. For Teysuno to work, it relies 
on [DB09256], a pro-drug of [DB00544] (5-FU), a cytotoxic 
anti-metabolite medication that targets cancer cells that divide 
quickly. As an auxiliary component of anticancer treatment, 
Oteracil lessens the severity of chemotherapy’s harmful side 
effects. “Teysuno” is a commercially available medicine that 
combines Oteracil with Gimeracil and Tegafur. [1-19].

Drug profile of Tegafur

How does tegafur work?
To drive DNA and purine synthesis in cells, the conversion of 
2’-deoxyuridylate (dUMP) to 2’-deoxythymidylate (dTMP) 
is absolutely necessary. A DNA synthesis enzyme known 
as thymidylate synthase converts deoxyribonucleotide 
monophosphate (dUMP) to deoxyribonucleotide triphosphate 
(dTMP), a building block for thymidine triphosphate (TPP).
Drug Profile of Gimeracil

MOA of gimeracil
The primary function of Gimeracil within Teysuno is to inhibit 
the hydrolysis of 5-fluorouracil, allowing for the maintenance 
of sufficient concentrations to exert a long-lasting impact on 
cancer cells. It works by inhibiting 5-FU breakdown through 
the reversible inhibition of the enzyme dihydropyridine 
dehydrogenase (DPD).
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Figure 3: Structure of oteracil

Figure 2: Structure of gimeracil

Table 1: Drug profile

Parameters Tegafur Gimeracil Oteracil
IUPAC Name (RS)-5-Fluoro-1-(tetrahydrofuran-2-yl) 

pyrimidine-2,4 (1H,3H)-dione
5-chloro-4-hydroxy-1H-
pyridin-2-one

Potassium 6-hydroxy-4-oxo-4,5-dihydro-
1,3,5-triazine-2-carboxylate

Molecular Weight 200.16g/mol 145.54 g/mol 195.175 g/mol
Chemical Formula C8H9FN2O3 C5H4ClNO2 C4H2KN3O4

Drug profile of Oteracil

MOA of oteracil
As a component of Teysuno, Oteracil primarily lessens 
gastrointestinal toxicity by decreasing 5-FU activity inside 
normal gastrointestinal mucosa 1. It prevents 5-FU generation 
by inhibiting the enzyme orotate phosphoribosyl transferase 
(OPRT). [20] 	

From the literature, it is evident that there isn’t a single bio 
analytical estimation using rat plasma for the combination of 
Tegafur, Gimeracil and Oteracil. There are various methods 
like HPLC, UPLC, LC-MS for the above-mentioned drugs 
both in combination and as single drug. A simple SPE method 
was developed on LC-MS/MS employing a low volume of 
100 µL plasma without usage of high volumes of chemicals 
with a shorter chromatographic runtime of 6.0 minutes using 
Chlorambucil as internal standard. Among the reported 
literature methods, the present method involves less retention 
time and Solid Phase extraction which is modern and less 
reported method. The proposed analytical method also satisfies 
the scientists in terms of simplicity, sensitivity, runtime, 
time consumption, sample volume and efficient extraction 
procedure. [21-33].  
Materials used
The following medications were purchased from Zydus Cadila 
in Ahmadabad, India: Tegafur, Gimeracil, Oteracil, and 
Chlorambucil. The following materials were procured from 

Merck (India) Ltd.: acetonitrile (LCMS Grade, 99.99 purity), 
and formic acid, Worli and Mumbai in India. The rest of the 
equipment used in the experiment was either commercially 
available or of AR quality.
For the Best Chromatographic Results:
A Waters 2695 HPLC system was employed with an Inertsil 
ODS column measuring 150 mm x 4.6 mm and having a particle 
size of 3.5Î1⁄4m. The LC-MS chromatographic conditions 
were optimized by running the system for 7 minutes at room 
temperature. A mobile phase comprising 40% acetonitrile and 
60% formic acid was utilized, with a flow rate of 1 ml/min. 
Table 2 describes the optimised chromatographic conditions.
Optimized Method’s Chromatogram:

Regular method for preparing solutions:
To prepare the Tegafur parent stock solution, measure 5 mg 
of the Tegafur working standard and transfer it to a 100 ml 
volumetric flask that has been diluted with diluent. Use diluent 
to further dilute 0.8 ml to 10 ml. To make the parent stock 
solution of Gimeracil, first measure 5 mg of the drug and 
transfer it to a 100 ml volumetric flask that has been diluted 
with diluent until it is full volume. Using diluent, 2.32 ml was 
further diluted to 100 ml. The Oteracil parent stock solution is 
prepared by weighing 9 mg of the Oteracil working standard 
and then adding the diluent to a 100 ml volumetric flask until it 
reaches the desired concentration. This was further diluted with 
diluent from 0.35 ml to 10 ml. To 10 ml volumetric add 2 ml 
each of Tegafur, Gimeracil, and Oteracil parent stock solutions 
and dilute to desired volume. This will make the standard 
stock solution. To prepare the internal standard stock solution 
(800ng/ml), weigh 5 mg of chlorambucil and transfer it to a 
100 ml volumetric flask that has been diluted with diluent until 
it reaches capacity. Diluted with diluent from 0.8 ml to 10 ml. 
Preparation of plasma sample solution
A working solution containing 500 µL of internal standard (IS) 
was spiked into 200 µL portions of rat plasma specimens for 
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 Figure 1: Structure of tegafur
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Table 2: Optimised chromatographic method

Parameters of LC  Parameters of MS

HPLC Waters Alliance e-2695 MS Sciex QTRAP 5500

Isocratic mode ACN: 0.1% Formic 
acid 40:60 v/v

Ionization source Drying gas: Nitrogen Drying flow rate: 5 mL/
min
Pressure: 55 psi

Flow level: 1 mL/min Source temperature: 550°C

Injection volume: 7 µL Capillary voltage: 5500V

Waters symmetry C18

150mm length Collision cell gas Nitrogen with high purity

4.6 mm ID Mode MRM

3.5 µm PS

Specimens Tegafur Tegafur
Multiple reaction

m/z-201.05	 m/z-70.12
CE– 15V

monitoring transitions

Gimeracil
Gimeracil Multiple
reaction monitoring transitions

m/z-145.99	 m/z- 46.59
CE - 15V

Oteracil
Oteracil
Multiple reaction monitoring 
transitions

m/z-195.96	 m/z-60.89
CE – 15V

IS Chlorambucil Chlorambucil
Multiple reaction monitoring 
transitions

m/z- 305.21 m/z- 106.32
CE-15V

sample preparation. The specimens were centrifuged at 4000 
rpm for 20 minutes after 300 µL of acetonitrile was combined 
in a vortex. The next step was to separate, collect, and filter a 
solution that had been handled with the supernatant using a 0.45 
nylon syringe filter. The resulting sample was then introduced 
into the LCMS system.
Method Validation
The proposed approach was used to confirm the 
bioanalytical procedure in accordance with USFDA 
recommendations.

RESULTS AND DISCUSSIONS
The bioanalytical approach was developed by selecting the 
ESI mode that produced the strongest reaction relative to 
the APCI mode. Using the MRM mode, the ions of Tegafur, 
Gimeracil, and Oteracil have been quantified. At m/z 201.0599, 
145.9935, 195.9684, the ion pair scan of the medicines resulted 
in [M+H] + at m/z 174.5735, 136.3095; 112.6587, 75.0941; and 
153.1539, 121.1686. Internal standard scans for chlorambucil 
at m/z 305.2127 and 254.1163 are also similar. In contrast to 
an ion negative mode, Tegafur, Gimeracil, and Oteracil have 
a positive ion response mode. Figure 4 (A-D) shows the mass 
spectra of the drugs and Internal Standard.
Specificity and Selectivity:
Plasma samples from six different types of rat specimens were 
tested for blockage from unknown materials by using Tegafur, 
Gimeracil, Oteracil, and IS. Figure 5,6 shows chromatogram 
of Blank plasma and Standard.

Validation and Bioanalytical Process

Recovery and matrix effect
The quality measures with medicine and IS recoveries were 
evaluated at three distinct concentrations: lower, medium, and 
higher. A recovery is considered to have occurred when the 
sample’s reactions are comparable to those of a tidy normal 
solution. When comparing analytical results with the amount 
of analyte used, the effectiveness of the extraction process 
becomes clear. Below you can see the chromatograms of 
the LQC, MQC, and HQC recoveries, both extracted and 
un-extracted. 
Linearity, Precision, Consistency:
There is a linear representation of the Tegafur, Gimeracil, 
and Oteracil medication concentrations (20–400 ng/mL, 
5.8–116 ng/mL, and 16–315 ng/mL, respectively). The average 
coefficient was 0.999. To quantify the samples, the ratio of the 
analyte peak region to the internal standard peak region was 
utilized. Table 3 and 4 shows the results of linearity, precision.
Integrity of dilution and carry over
An analyte matrix fixation over the ULOQC should be shown 
by diluting this sample with a blank matrix to demonstrate 

Table 3: Linearity data

Parameters Tegafur Gimeracil Oteracil
Range (ng/mL) 0-400 0-116 0-315
R2 0.99997 0.99997 0.99998
Slope 0.0051 0.0051 0.0051
Y- intercept 0.00108 0.00088 0.00119
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Figure 4: Mass Spectra’s of (A) Tegafur (B) Gimeracil (C) Oteracil and 

(D) Chlorambucil (IS)

Figure 5: Chromatogram of blank plasma

Figure 6: Chromatogram of Standard

dilution integrity. At ULOQC (400 ng/mL, 116 ng/mL, 315 
ng/mL for Tegafur, Gimeracil and Oteracil), dilution integrity 
was tested. Carryover error is a kind of system mistake that 
may have an impact on the measured value of a sample. A 
10 µL system blank injection of 0.1 percent Formic acid and 
Acetonitrile was performed using the flow injection method 
on a water Z-spray triple quadrupole mass detector (60:40). 
We may infer that this method had no impact on the accuracy 
or precision of the proposed technique. 
Stability studies
An overnight room temperature storage of a stock solution 
of Tegafur, Gimeracil, and Oteracil was used to ascertain the 
stability of the compound on the benchtop. After 24 hours of 
room temperature retention in an Autosampler, a stock solution 
shows dependable stability behaviour in this test. For one day, 
the stock solution was maintained at a temperature of (28±5) 
°C in order to test its freeze-thaw stability. The stability of 
the moist extract was tested by storing the stock solution at 
2-8°C for 18 hours, whereas the stability of the dry extract 
was tested by storing the stock at (-20±3) °C for 18 hours. 
Medications exhibited short-term stability during 7 days at 
53 °C, whereas the stock solution exhibited long-term stability 
for 28 days at (-20±3) °C when introduced into the UPLC. 
Check the stability of both a recently made stock solution and 
one that was made more than 24 hours ago. A percent change 
of 1.42,1.81,1.74 for the drugs indicates that the solutions are 
stable for at least 24 hours. Under varied circumstances at 
room temperature, the drugs were stable in plasma. We tested 
plasma specimens spiked with Tegafur, Gimeracil, and Oteracil 
at various concentrations and discovered that further freezing 
and thawing had no impact on their stability. As far as long-
term stability is concerned, the drugs remained effective for a 
whole day while stored at a capability temperature of -20°C.
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Table 4: Precision and accuracy outcomes of Tegafur, Gimeracil, Oteracil in rat plasma

Matrix
Concentration 
range of 
specimen

Tegafur Gimeracil Oteracil

Accuracy
RSD of Precision (%)

Accuracy
RSD of Precision (%)

Accuracy
RSD of Precision (%)

Intraday Interday Intraday Interday Intraday Interday

Plasma

LLOQC 0.95 2.59 2.89 0.96 4.49 2.57 0.96 2.94 1.68
LQC 0.95 0.62 0.74 0.96 3.06 3.36 0.97 0.68 0.91
MQC 0.98 0.54 0.28 0.98 0.95 1.09 0.99 0.57 0.38
HQC 0.98 0.18 0.25 0.98 0.59 0.93 0.97 0.37 0.26

DISCUSSION
The improved approach demonstrated exceptional liquid 
chromatography (LC) separation and mass transitions by 
utilizing a (50:50v/v) combination of acetonitrile and 0.1% 
formic acid, which was necessary to meet the volatility 
requirement in mass spectrometry analysis. A column with 
dimensions of 150mmx4.6mm and a particle size of 3.5 µ, 
namely the Inertsil ODS, was utilized for optimal column 
efficiency at a temperature of 30°C. Concentration is necessary 
because of the need for volatility in mass spectrometry analysis. 
A column with dimensions of 150mmx4.6mm and a particle 
size of 3.5 was employed for optimal column efficiency. The 
column utilized was an Inertsil ODS and was maintained at a 
temperature of 30°C. The linear regression model calculates 
the best calibration curve that fits the connection between the 
chromatographic response and concentration. The intra- and 
inter-day data for Tegafur, Gimeracil, and Oteracil values 
exhibit a level of precision and accuracy that falls within the 
acceptable range. The extraction yield was good, constant, 
exact, and reproducible using the improved extraction process. 
The injector carry-over test showed no carry-over for the 
extracted blank samples, followed by the extraction of upper 
and lower limit of quality control samples. Experiments 
conducted on the freeze-thaw stability of substances subjected 
to freezing at a temperature of -30°C and subsequent thawing 
three times have shown that acceptable ranges fall between 
85% and 115%. The Auto sampler’s sample stability was tested 
at a temperature of 20°C for a duration of seventy hours. The 
accuracy of the samples, measured as a percentage, fell within 
the range of 85% to 115% for both the Low-quality control and 
High-quality control concentration levels. The accuracy was 
judged to be within the range of 85% to 115%. The long-term 
stability was assessed for a duration of twenty-eight days and 
compared to the starting concentrations of the Lower Quality 
Control and High-Quality Control. The accuracy was judged 
to fall within the range of 85 to 115%. 
Pharmacokinetic Study
Administering 0.33 mg/kg Tegafur, 0.097 mg/kg Gimeracil, 
and 0.26 mg/kg Oteracil orally to rats allowed researchers to 
obtain mean plasma concentration-time profiles, which were 
then used to determine the pharmacokinetic parameters of these 
three drugs (Fig.9, 10, 11). There are clear distinctions between 
Tegafur, Gimeracil, and Oteracil in pharmacokinetic studies. 
We took bodily fluid samples from the rats at various intervals 

following drug administration, including0.5,1,1.5,2,4,5,10, 
and 15 hours. Injecting the prepared test sample into the 
chromatographic apparatus and recording the results followed. 
Oral administration of Tegafur, Gimeracil, and Oteracil 
resulted in the following concentrations at Cmax (173.6, 13.3 
and 135.4 ng/ml), half-life (t1/2) as determined by 0.693/
Kelquotient, Kel (the apparent first request terminal rate 
constant), and Tmax (2, 1.5 and 2 hours). The acceptable range 
was determined by the AUC0-24 and AUC0-∞ values, which 
were 2458, 86, and 1860 ng-hr/mL respectively. Figure 8-10 
shows the recovery plot of the drugs. 

CONCLUSION
Plasma analysis of Tegafur, Gimeracil, and Oteracil using a 
novel MS/HPLC method in rats. The pharmacokinetic behaviour 
of Tegafur, Gimeracil, and Oteracil was demonstrated by their 
rapid absorption from the rat body following intravenous 
administration. This method is easy to replicate, works well, 
and takes very little time. This technique has the potential to 
be useful in pharmacokinetic studies as well as in accurately 
and efficiently measuring analyte concentrations in body fluids 
across an excellent linear concentration range. For the record, 
we must conduct these inquiries without delay. 

REFERENCES
1.	 Wagner AD, Syn NL, Moehler M, Grothe W, Yong WP, Tai 

BC, Ho J, Unverzagt S (August 2017).  “Chemotherapy for 
advanced gastric cancer”. The Cochrane Database of Systematic 
Reviews. 2017 (8): CD004064. doi: 10.1002/14651858.cd004064.
pub4

2.	 Qin J, Liu M, Ding Q, Ji X, Hao Y, Wu X, Xiong J (October 
2014). “The direct effect of estrogen on cell viability and 
apoptosis in human gastric cancer cells”. Molecular and Cellular 
Biochemistry. 395 (1–2): 99–107. doi:10.1007/s11010-014-2115-2

3.	 Emilsson L, Holme Ø, Bretthauer M, Cook NR, Buring JE, 
Løberg M, et al. (January 2017). “Systematic review with meta-
analysis: the comparative effectiveness of aspirin vs. screening 
for colorectal cancer prevention”. Alimentary Pharmacology & 
Therapeutics. 45 (2): 193–204. doi:10.1111/apt.13857

4.	 Juul JS, Hornung N, Andersen B, Laurberg S, Olesen F, 
Vedsted P (August 2018).  “The value of using the faecal 
immunochemical test in general practice on patients presenting 
with non-alarm symptoms of colorectal cancer”. British Journal 
of Cancer. 119 (4): 471–479. doi:10.1038/s41416-018-0178-7

5.	 Kwakman, Johannes J.M.; Elshot, Yannick S.; Punt, Cornelis J.A.; 
Koopman, Miriam (13 May 2020). “Management of cytotoxic 
chemotherapy-induced hand-foot syndrome”.  Oncology 
Reviews. 14 (1): 442. doi:10.4081/oncol.2020.442



Uplc-Ms/Ms Method Development and Validation of Tegafur, Gimeracil, and Oteracil in Rat Plasma

IJPQA, Volume 15 Issue 3, July - September 2024 Page 1896

6.	 Ward EJ, Henry LM, Friend AJ, Wilkins S, Phillips RS (August 
2015). “Nutritional support in children and young people with 
cancer undergoing chemotherapy”. The Cochrane Database of 
Systematic Reviews. 2015 (8): CD003298. doi: 10.1002/14651858.
cd003298.pub3

7.	 Peters GJ, Backus HH, Freemantle S, van Triest B, Codacci-
Pisanelli G, van der Wilt CL, Smid K, Lunec J, Calvert AH, 
Marsh S, McLeod HL, Bloemena E, Meijer S, Jansen G, van 
Groeningen CJ, Pinedo HM (2002). “Induction of thymidylate 
synthase as a 5-fluorouracil resistance mechanism”. Biochim. 
Biophys. Acta.  1587  (2–3): 194–205.  doi:10.1016/S0925-
4439(02)00082-0

8.	 Papamichael D. (1999).  “The Use of Thymidylate Synthase 
Inhibitors in the Treatment of Advanced Colorectal Cancer: 
Current Status”. The Oncologist.  4  (6): 478–487. doi:10.1634/
theoncologist.4-6-478

9.	 Matera C, Gomila AM, Camarero N, Libergoli M, Soler C, 
Gorostiza P (November 2018). “Photoswitchable Antimetabolite 
for Targeted Photoactivated Chemotherapy”.  Journal of the 
American Chemical Society. 140 (46): 15764–15773. doi:10.1021/
jacs.8b08249

10.	 Siriwardena D, Edmunds B, Wormald RP, Khaw PT (July 
2004).  “National survey of antimetabolite use in glaucoma 
surgery in the United Kingdom”.  The British Journal of 
Ophthalmology. 88 (7): 873–876. doi:10.1136/bjo.2003.03425

11.	 Sedova  A ,  Ba nava l i  N K ( Febr u a r y  2016).  “R NA 
approaches the B-form in stacked single strand dinucleotide 
contexts”. Biopolymers. 105 (2): 65–82. doi:10.1002/bip.22750

12.	 Morris K, Mattick J (2014). “The rise of regulatory RNA”. Nature 
Reviews Genetics. 15 (6): 423–37. doi:10.1038/nrg3722

13.	 I robalieva RN, Fogg JM, Catanese DJ, Catanese DJ, 
Sutthibutpong T, Chen M, Barker AK, Ludtke SJ, Harris SA, 
Schmid MF, Chiu W, Zechiedrich L (October 2015). “Structural 
diversity of supercoiled DNA”.  Nature Communications.  6: 
8440. Bibcode:2015NatCo...6.8440I. doi:10.1038/ncomms9440

14.	 Kumar S, Chinnusamy V, Mohapatra T (2018). “Epigenetics of 
Modified DNA Bases: 5-Methylcytosine and Beyond”. Frontiers 
in Genetics. 9: 640. doi:10.3389/fgene.2018.00640

15.	 Chung T, Na J, Kim YI, Chang DY, Kim YI, Kim H, Moon HE, 
Kang KW, Lee DS, Chung JK, Kim SS, Suh-Kim H, Paek SH, 
Youn H (2016). “Dihydropyridine Dehydrogenase Is a Prognostic 
Marker for Mesenchymal Stem Cell-Mediated Cytosine 
Deaminase Gene and 5-Fluorocytosine Prodrug Therapy for 
the Treatment of Recurrent Gliomas”.  Theranostics.  6  (10): 
1477–90. doi:10.7150/thno.14158

16.	 Caudle KE, Thorn CF, Klein TE, Swen JJ, McLeod HL, Diasio 
RB, Schwab M (December 2013). “Clinical Pharmacogenetics 
Implementation Consortium guidelines for dihydropyridine 
dehydrogenase genotype and fluoropyrimidine dosing”. Clinical 
Pharmacology and Therapeutics. 94 (6): 640–5.

17.	 Scapin G, Grubmeyer C, Sacchettini JC (1994). “Crystal Structure 
of Orotate Phosphoribosyl transferase”.  Biochemistry.  33  (6): 
1287–1294.

18.	 González-Segura L, Witte JF, McClard RW, Hurley TD (December 
2007). “Ternary complex formation and induced asymmetry in 
orotate phosphoribosyl transferase”.  Biochemistry.  46  (49): 
14075–86.

19.	 Pal AK, Sundararajan R. Characterization of forced degradants 
of Tegafur, Gimeracil, and Oteracil potassium by Liquid 
Chromatographic-Electrospray Ionization-Mass Spectrometry 
and simultaneous estimation of triple combination in drug 
substance and finished pharmaceutical Dosage Form. Archives 
of Razi Institute. 2024 Apr 1;79(2):287-302.

20.	 Salva, C., & Galla, R. (2024). A Rapid UPLC Technique for 
Quantification of Tegafur, Oteracil and Gimeracil in Bulk 
and Pharmaceuticals and its Validation.  Indian Journal of 
Pharmaceutical Education and Research, 58(3s), s1041–s1052. 

21.	 Kunala A. Simultaneous Determination of Gimeracil, Oteracil, 
and Tegafur in Pure Blend and their Combined Capsules 
by Stability-indicating RP-UPLC Method. Asian Journal of 
Pharmaceutics (AJP). 2023 Sep 15;17(03).

22.	 Gu Y, Lu R, Si D, Liu C. Simultaneous determination of Tegafur 
and Gimeracil in human plasma by liquid chromatography/
tandem mass spectrometry. Analytical Sciences. 2009 Oct 
10;25(10):1211-5.

23.	 MISTRY V, YELWE A, DESHPANDE A. A simultaneous 
estimation, validation and forced degradation studies of 
5-fluorouracil and tegafur in a pharmaceutical dosage form 
using reversed-phase high-performance liquid chromatography 
method. Asian J Pharm Clin Res. 2018;11(12):132-7.

24.	 Zufía L, Aldaz A, Castellanos C, Giráldez J. Determination of 
5-fluorouracil and its prodrug tegafur in plasma and tissue by 
high-performance liquid chromatography in a single injection: 
validation for application in clinical pharmacokinetic studies. 
Therapeutic drug monitoring. 2003 Apr 1;25(2):221-8.

25.	 Seohae-Woo, Yeojiang-gu, Jeong-seok people, Zhou Suk-Eok, 
Yeo-seok, Wang Ryu-Ryu, Method for determining related 
substances of tegafur, gimeracil and oteracil potassium capsules 
by utilizing high performance liquid chromatography [Internet]. 
[cited 2024 Mar 8].

26.	 Kobayakawa M, Kojima Y. Tegafur/gimeracil/oteracil (S-1) 
approved for the treatment of advanced gastric cancer in adults 
when given in combination with cisplatin: a review comparing 
it with other fluoropyrimidine-based therapies. OncoTargets and 
therapy. 2011 Nov 15:193-201.

27.	 Wang J, Wu DX, Meng L, Ji G. Anlotinib combined with SOX 
regimen (S1 (tegafur, gimeracil and oteracil porassium capsules) 
+ oxaliplatin) in treating stage IV gastric cancer: study protocol 
for a single-armed and single-centred clinical trial. BMJ open. 
2020 Jun 1;10(6): e034685.

28.	 Archakam SC. Development and Validation of a New 
Stability Indicating Reversed-phase High Performance Liquid 
Chromatography Method for the Simultaneous Estimation of 
Tegafur and Uracil in Capsule Dosage Form. Asian Journal of 
Pharmaceutics (AJP). 2018 Aug 10;12(03).

29.	 Peer CJ, McManus TJ, Hurwitz HI, Petros WP. Development 
and utilization of a combined LC–UV and LC–MS/MS method 
for the simultaneous analysis of tegafur and 5-fluorouracil in 
human plasma to support a phase I clinical study of oral UFT®/
leucovorin. Journal of Chromatography B. 2012 Jun 1; 898:32-7.

30.	 Liu K, Zhong D, Zou H, Chen X. Determination of tegafur, 
5-fluorouracil, gimeracil and oxonic acid in human plasma using 
liquid chromatography–tandem mass spectrometry. Journal of 
pharmaceutical and biomedical analysis. 2010 Aug 1;52(4):550-6.

31.	 Zhang Y, Zhong Q, Luo X, Zhang W. Effects of Tegafur, 
Gimeracil and Oteracil Potassium Capsules combined with 
Calf Spleen Extractive Injection on serum VEGF and MMP-9 
in patients with advanced gastric cancer. American Journal of 
Translational Research. 2022;14(11):7969.

32.	 Yen, HH., Chen, CN., Yeh, CC. et al. Adjuvant tegafur-uracil 
(UFT) or S-1 monotherapy for advanced gastric cancer: a single 
center experience. World J Surg Onc 19, 124 (2021). 

33.	 Kawabata N, Sugiyama S, Kuwamura T, Odaka Y, Satoh T. 
Simultaneous determination of tegafur and 5‐fluorouracil in 
serum by GLC using nitrogen‐sensitive detection. J Pharm Sci 
.1983;72(10): 1162-5.DOI: 10.1002/jps.2600721013


