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Abstract
Introduction: Various methods of analysis for the assay of chemotherapeutic agent 5-Fluorouracil (5-FU) in human and animal biological fluids 
have previously been reported. However, there is no standardization for detecting 5-FU in the hamsters’ saliva that received the chemotherapeutic 
agent. Objective: Considering that the administration of 5-FU in some way changes the morphology and function of the salivary glands, and that 
the presence of the chemotherapeutic agents in the oral mucosa may lead to some oral complications, the aim of this study was to determine the 
presence of 5-FU in the  hamsters’ saliva that received the chemotherapeutic agent, by means of the High Performance Liquid Chromatography 
technique (HPCL) since this animal model is used in studies of 5-FU induced oral mucositis and glandular hypofunction.  Methods: Twelve 
animals were divided into 4 groups: CP and CPI, in which the animals received pilocarpine (CP) or pilocarpine + isoproterenol (CPI) and the 
chemotherapy vehicle intraperitoneally; and Groups QP and QPI, in which the animals received the same secretagogues listed above, and 
the chemotherapeutic agent 5-FU, respectively.  After the secretagogue administration, saliva was collected from all the animals for a period 
of 60 mins. Subsequently, the saliva was frozen at -80 ˚C for later determination of the chemotherapeutic agent by HPLC. After the  the 
chromatograms analysis, and based on the results obtained, it was possible to identify the presence of 5-FU in the saliva samples from hamsters 
that received the chemotherapeutic agent intraperitonally, by the HPLC technique.
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Resumo
Vários métodos de análise para o ensaio do quimioterápico 5-Fluorouracil (5-FU) em fluidos biológicos de humanos e animais, foram 
previamente relatados. No entanto, não há uma padronização para detecção de 5-FU na saliva de hamsters que receberam o quimioterápico. 
Considerando que a administração do 5-FU altera de alguma maneira a morfologia e função das glândulas salivares, e que a presença 
do quimioterápico na mucosa oral pode levar a algumas complicações orais, este trabalho teve como objetivo de determinar a presença de 
5-FU na saliva de hamsters que receberam o quimioterápico pela técnica de Cromatografia Líquida de Alta Eficiência (CLAE), uma vez que este 
modelo animal é usado nos estudos com mucosite oral e hipofunção glandular, induzidas por 5-FU. Doze animais foram divididos em 4 grupos: 
CP e CPI, onde os animais receberam intraperitonealmente pilocarpina (CP) ou pilocarpina + isoproterenol (CPI) e o veículo do quimioterápico, 
e os grupos QP e QPI, onde os animais receberam, respectivamente, os mesmos secretagogos listados acima e o quimioterápico 5-FU. Após 
a administração do secretagogo, foi coletada a saliva de todos os animais, por um período de 60 min. Em seguida, a saliva foi congelada a 
-80 ˚C para posterior determinação do quimioterápico por CLAE. Após análise dos cromatogramas, e com base nos resultados obtidos, foi 
possível identificar a presença do 5-FU nas amostras de saliva de hamsters que receberam o quimioterápico via intraperitoneal pela técnica 
da CLAE.
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1 Introduction

Saliva testing to detect various drugs, such as 
chemotherapeutic agents, has been the objective of study 
by various authors in an endeavor to correlate the results 
of salivary analyses with those of analyses performed in 
plasma1-6. The saliva collection method has the advantage 
of being a noninvasive technique, without exposing patients 
to discomfort, skin irritation and risk of infection, when 
compared with plasma collection. Moreover, some authors 
have correlated the presence of some chemotherapeutic agents 
in saliva with oral complications resulting from their direct 
action on the oral mucosa1,7,8. 

However, it is not  known yet whether direct contact of 
chemotherapeutic agents with the oral mucosa could be 
related to the appearance of oral mucositis, and what effect 
this drug has on the salivary glands. Although many studies 
demonstrated that drugs are excreted into the saliva in addition 
to the blood and urine, a few of them have examined the effect 
of drugs in saliva on the oral mucosa9.

Drug toxicity seems  to be directly linked to reduced 
cell turnover in the  epithelium basal layer, resulting in 
desquamation, ulceration, inflammation and atrophy8,10,11. 
Antineoplastic drugs may have a direct effect on the oral 
mucosa by the secretion of chemotherapeutic substances in 
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the saliva, or indirectly by the suppression of the immune 
cells production in the bone marrow and the exposure of the 
oral mucosa to drugs seems to contribute to the development 
of pathologies such as mucositis, xerostomia and gingival 
bleeding12.

Innumerable cytotoxic agents have been related to the 
development of damage to the oral and gastrointestinal 
mucosa, among them, antimetabolite agents (mercaptopurine; 
cytarabine; 5-Fluorouracil (5-FU) in high doses); plant-derived 
substrates (etoposide); antitumor agents (doxorubicin), 
and alkylating agents (melphalan and busulfan). The agent 
5-FU (C4H3FN2O2), a polar molecule, was introduced into 
the therapeutic clinic for the treatment of tumors in 1957. 
Currently, it is still used in the treatment of gastric, and 
colorectal tumors; tumors of the head and neck; breast; 
ovaries; prostate; liver; and of the   genitourinary tract13.  

The 5-FU, is an antimetabolite analog of Uracil (U) that 
enters the cell using the same facilitated transport of U with 
a fluoride atom in position C-5 in the place of hydrogen. 
There are three different cytotoxic form attributed to 5-FU: 
incorporation of fluoronucleotides into DNA or RNA, 
which triggers the apoptosis process; and inhibition of the 
thymidylate synthetase enzyme (TS). TS is a target enzyme 
of 5-FU and the increase in its expression is a potential 
mechanism of resistance to this drug14.

Various analytical methods to test for 5-FU chemotherapy 
in biological fluids have previously been reported, including 
the separation of the structurally related compounds, 
its metabolites, such as the pyrimidines, and especially 
uracil, that has a retention time close to that of 5-FU15. For 
this purpose, the authors used High Performance Liquid 
Chromatography, from which the acronym HPLC is derived. 
However, standardization of the 5-FU detection technique in 
hamster saliva by means of HPLC, may - in future studies - 
help with understanding how some oral complications occur 
after administration of this chemotherapeutic agent.

Therefore, the aim of this study was to determine the 
presence of the chemotherapeutic agent 5-FU, by HPLC, in 
the  hamsters’ saliva that received the drug intraperitoneally.

2 Material and Methods

The protocol used in this study was approved by the 
Ethics Committee on the Use of Animals of the University 
of São Paulo (USP) Dental School (FOUSP), number 
004/2013, and is in accordance with the Ethical Principles of 
Animal Experimentation, adopted by the Brazilian Society of 
Laboratory Animal Science (SBCAL). 

Golden Syrian Hamsters (males) were used, with body 
mass between 120 to 200 grams. First the animals were 
weighed and individually separated in cages with access to 
water and food ad libitum. After this, they were divided into 
different groups, according to the use of the secretagogue and 
5-FU, as follows:

Group CP: Animals received pilocarpine and vehicle for 

chemotherapy;
Group CPI: Animals received pilocarpine + isoproterenol and 
vehicle for chemotherapy; 
Group QP: Animals received pilocarpine and 5-FU injection; 
Group QPI: Animals received pilocarpine + isoproterenol and 
5-FU injection; 
Before the 5-FU injection process, the animals were 

anesthetized with an association of Anasedan (Ceva, Paulínia, 
Brazil) 13.8 mg/kg and Dopalen (Ceva, Paulínia, Brazil) 
11.6 mg/kg, and after that , they received an intraperitoneal 
injections of solutions of Pilocarpine (7.5mg/kg p.c) (Sigma-
Aldrich®, St. Louis, MO, USA), and Isoproterenol (5.0 mg/
kg p.c.) (Sigma-Aldrich®, St. Louis, MO, USA), dissolved 
in distilled water, to stimulate salivation. After doing this, 
65 mg/kg of 5-FU (Sigma-Aldrich®, St. Louis, MO, USA), 
diluted in ammonium hydroxide 1M (vehicle), was injected 
intraperitoneally, according to the protocol previously 
described10. The animals in the control group received the 
vehicle only.

Saliva samples were collected for a period of 60 minutes. 
To collect saliva, a funnel was used, with the purpose of 
directing the salivary flow into the falcon collection tube that 
was kept on crushed ice. After collection, the samples were 
stored in a freezer at - 80 ºC until the time of analyses. After 
the collection time, the animals were sacrificed by severing 
the spinal cord.

2.1 Saliva sample preparation

Before chromatographic analysis, the saliva samples of 
Groups CP, CPI, QP and QPI were defrosted and prepared 
according to the method cited by Joulia et al, in which to 
each aliquot of 100 µl of saliva, 20 µl of the internal standard 
solution (Bromouracil, 5 µg/ml) was added and carefully 
mixed, adding 100µl of acetonitrile, a polar solvent, and then 
the sample was centrifuged (10 min at 1350 g and 4 ºC). The 
supernatant was transferred to a test tube and each 100µl, 
was mixed with 300 µl of ethyl acetate. The mixture was 
then centrifuged (10 min at 1540 g and 4 ºC). The superior 
organic phase was transferred by pipette to a glass test tube, 
for evaporation in Nitrogen until dry, at a Temperature fixed at 
40 ºC. The dry residue was resuspended in 200 µl of deionized 
water, and subsequently the samples were filtered through 
Millex® filters, 0.45µm (Millipore) before injection into the 
column6.

2.2 Analytical Method

The analyses were performed in a High Performance 
Liquid Chromatography (HPLC) Shimadzu Prominence 
system (Shimadzu, Japan) according to the official 
monograph USP 38 NF 33, 201516.  The mentioned method 
was modified concerning the proportion of the mobile phase 
and chromatography column dimensions to optimize retention 
time and availability of materials, respectively. Therefore, 
a reverse phase column (C18, 150 x 4,6 mm, 3 µm; Ace, 
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Scotland) was used, and the mobile phase consisted of 100% 
phosphate buffer solution 0.05 M, with isocratic elution, 
diluted in deionized water. The pH of the solution was adjusted 
to 5.7 ± 0.1, with a potassium hydroxide solution (KOH) 5M. 
The mobile phase flow was adjusted to 1.0 mL/min. Sample 
injection, with a volume of 20 µl, was performed manually. 
The diode array detector (DAD) was used for detection at a 
wavelength of 254 nm. 

White and standard 5-FU curves were prepared. The white 
curve used was deionized water For the 5-FU standard curve, 10 
mg of the reference substance for 5-FU was weighed (Sigma-
Aldrich®, St. Louis, MO, USA) and transferred to a 1L amber 
volumetric flask (VF), thus obtaining a concentration of 10 
µg/mL of the analyte. From this solution, the concentrations 
of 0.1, µg/mL, 1 µg/mL, 2.5 µg/mL, 5 µg/mL and 7.5µg/mL 
were obtained. In addition, an internal standard 5-BU sample 
was prepared (Sigma-Aldrich®, St. Louis, MO, USA), at the 
concentration of 5 µg/mL. 

After the samples and the standard solutions of 5-FU 
and 5-BU were prepared and were sequentially injected 
into the equipment, according to the description: blank 
solution; internal standard solution (5µg/ml, 5-BU; a known 
concentration of the 5-FU solution; blank  solution; samples 
from Groups CP and CPI, animals that did not receive the 
chemotherapeutic agent; a known concentration of the 5-FU 
solution; samples from Groups QP and QPI, animals that 
received 5-FU.

3 Results and Discussion

The choromatographic results were subdivided into the 
white identification; internal standard (5-BU), standard (5-
FU) and in the sequence of the different Groups (CP, CPI, QP 
and QPI). Figure 1 represents the white sample chromatogram, 
deionized water, in which no peak was observed in the regions 
of 5-FU and 5-BU. Figure 2 represents the chromatograph of 
the internal standard solution 5-Bromouracil (5-BU)m and 
this presented a retention time (rt) of 13 ± 0.5 minutes for 
all the readouts. Figures 3 and 4 represent the chromatogram 
of the 5-FU solution, and demonstrated that the rt of 5-FU, 
even when the concentrations were varied from 10.000 ng/
ml to 100 ng/ml, were maintained at 4.6 ± 0.4 minutes for 
all the readouts. Figures 5 and 6 represent the chromatograms 
of saliva samples from Groups CP and CPI, animals that did 
not receive chemotherapy, but received the internal standard 
during treatment of the samples. After taking the readouts, the 
peak in rt o 5-BU and absence of rt of 5-FU was observed. 
Figures 7 and 8 represent the chromatograms of saliva samples 
from Groups QP and QPI, animals that received chemotherapy. 
s, the peak in rt o 5-FU and of 5-BU was observed. 

Figure 1 - Representative chromatogram in HPLC of the white, 
in UV detector - 254 nm

Source: High Performance Liquid Chromatography (HPLC) Shimadzu 
Prominence system (Shimadzu, Japan).

Figure 2 - Representative chromatogram, in HPLC, of an internal 
standard of 5-BU with 5 µg/ml, in UV detector - 254 nm

Source: High Performance Liquid Chromatography (HPLC) Shimadzu 
Prominence system (Shimadzu, Japan).

Figure 3 - Representative HPLC chromatogram of a 5-FU 
solution, with a concentration of 10,000 ng/ml, in a UV detector 
- 254 nm

Source: High Performance Liquid Chromatography (HPLC) Shimadzu 
Prominence system (Shimadzu, Japan).
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Figure 7 - Representative chromatogram, in HPLC, of a sample 
from the QP group, in UV detector - 254 nm

Source: High Performance Liquid Chromatography (HPLC) Shimadzu 
Prominence system (Shimadzu, Japan).

Figure 8 - Representative chromatogram, in HPLC, of a sample 
from the QPI group, in UV detector - 254 nm

Source: High Performance Liquid Chromatography (HPLC) Shimadzu 
Prominence system (Shimadzu, Japan).

Some studies found in the literature have identified 
or quantified the important chemotherapeutic agent 
5-Fluorouracil (5-FU), in samples of human9,17, rat and dog 
fluids or tissues1-4,18,19, by means of a model proposed by Sonis 
et al.19 and later modified by other authors10,11,20.  However, 
up to the time of the present research, the authors found no 
studies that determined the presence of this chemotherapeutic 
agent in the  hamsters’ saliva, animals widely used as a 
study model oral mucositis and salivary gland hypofunction, 
resulting from the intraperitoneal injection of 5-FU. 

Since administration of the chemotherapeutic agent 5-FU 
alters salivary gland morphology and function, and the direct 
presence of the chemotherapeutic agent in the oral mucosa 
may lead to some oral complications, such as mucositis1,9,10, 
and as there is no standardization in the literature of the 
technique for detecting 5-FU in hamster’s saliva, determining 
the drug in the saliva of these animals may - in future studies 
- help with understanding how these oral complications occur 
after administration of this chemotherapeutic agent.

The authors who quantified 5-FU in human’s9,17 and rat’s 

Figure 4 - Representative chromatogram, in HPLC, of 5-FU, 
with a concentration of 100 ng/ml, in a UV detector - 254 nm

Source: High Performance Liquid Chromatography (HPLC) Shimadzu 

Prominence system (Shimadzu, Japan).

Figure 5 - Representative chromatogram, in HPLC, of a sample 
from the CP group, in a UV detector - 254 nm

Source: High Performance Liquid Chromatography (HPLC) Shimadzu 

Prominence system (Shimadzu, Japan).

Figure 6 - Representative chromatogram, in HPLC, of a sample 
from the CPI group, in a UV detector - 254 nm

Source: High Performance Liquid Chromatography (HPLC) Shimadzu 

Prominence system (Shimadzu, Japan).
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the mucosa could be another irritant and causal factor of 
mucositis. 

Celio et al.1 has correlated the cytological changes in the 
rats ‘salivary glands that received sublethal doses of 5-FU, 
with changes in the salivary secretion process, which could 
justify the dry mouth symptoms that some patients report after 
chemotherapy treatment.

Therefore, even by changing the mentioned method, it 
was possible for the authors of the present study to identify 
the presence of 5-FU in saliva samples from hamsters that 
had received intraperitoneal chemotherapy. Therefore, since 
5-FU has been identified, the next studies could correlate the 
presence of the chemotherapeutic agent with the side effects 
this drug causes in the gastro-intestinal mucosa.

4 Conclusion

Based on the conditions of this study and results obtained, 
the authors may conclude that it is possible to identify the 
chemotherapeutic agent 5-FU in the saliva of hamsters 
that received the drug intraperitoneally, by means of High 
Performance Liquid Chromatography. In addition, it was 
concluded that the method used is sensitive for the proposed 
purpose.
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