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High dose gabapentin does not alter tumor 
growth in mice but reduces arginase activity 
and increases superoxide dismutase, IL-6 
and MCP-1 levels in Ehrlich ascites
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Abstract 

Objectives: The purpose of this study was to evaluate the effect of gabapentin on Ehrlich tumor growth in Swiss 
mice, a highly aggressive and inflammatory tumor model. Mice were grouped into sets of 5 animals and treated from 
days 2 to 8 with gabapentin 30 mg/kg body weight (G30) or 100 mg/kg body weight (G100), or normal sterile saline 
(control).

Results: The mice were euthanized on day 10. Tumor growth, tumoricidal agents and inflammatory cytokines levels 
were assessed. At day 10, G30 and G100 mice gained weight, but there were no differences in tumor cell count or in 
ascites volume. In G100, there was a reduction in arginase and an increase in SOD activities. There was an increase in 
IL-6 and MCP-1 levels, especially in G100, but no alterations in TNF-α. There was no direct evidence of tumor induction 
by gabapentin. However, the findings suggest that its use modulates immune response to a more effector and less 
deleterious profile, with increase in activity of anti-oxidant enzymes and in cytokines that favor activation of mac-
rophages, which could improve the general status of the tumor host.
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Introduction
Pain is one of the most common and dreaded symptoms 
in cancer [1]. Guidelines to assist in the management of 
cancer pain have been developed by the World Health 
Organization (WHO) more than 20 years ago. They are 
based on an analgesic ladder, which includes the use of 
opioid and non-opioid analgesics [2].

Morphine is the most frequently used opioid for the 
treatment of cancer pain worldwide. However, induction 
of tumor growth seems to be a potential side effect asso-
ciated with its use [2]. An interesting option to reduce 

total opioid dose is the addition of gabapentin. Gabap-
entin is a first-line drug for the treatment of neuropathic 
cancer-related pain and a non-opioid adjuvant in the 
treatment of nociceptive cancer pain [1, 3, 4].

However, the effect of gabapentin in the activity of argi-
nase and nitric oxide (NO) synthase, essential enzymes 
for normal and malignant cells growth, proliferation and 
survival, need to be studied to evaluate a possible pro or 
anti-tumor effect [5, 6].

Bugan et al. [7] suggest possible detrimental effects of 
higher doses of gabapentin in tumor angiogenesis and 
growth. In addition, Câmara et  al. [8] demonstrated 
increased inflammatory response and higher cytokine 
levels associated to gabapentin use in rats submitted to 
sciatic nerve constriction.
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Considering that gabapentin is an important and 
largely used adjuvant non-opioid drug in cancer pain 
management [9], and that there are no studies assessing 
its implications in an inflammatory tumor model, we pro-
posed to evaluate the effects of gabapentin on Ehrlich’s 
tumor ascites, a model known to create an inflammatory 
microenvironment that favors for tumor development.

Main text
Materials and methods
Fifteen female Swiss mice, 8  weeks of age, weighing on 
average 28 g, were used. The animals were obtained from 
the central animal house of the Federal University of 
Maranhão (UFMA) in São Luís, Brazil, and maintained 
at 26 ± 2 °C, 44–56% relative humidity, under 12 h light–
dark cycles and with free access to sterile food and acidi-
fied water. The study was conducted after approval by the 
Research Ethics Committee for the Use of Animals from 
UFMA (CEUA 23115.002502/2015-78).

Ehrlich tumor is an aggressive fast-growing breast car-
cinoma model that leads to ascites and animal death. It 
is associated to short survival in mice as consequence of 
higher abdominal pressure and intraperitoneal hemor-
rhage [10]. This tumor model was selected for the present 
experiment [11].

Each animal received an intraperitoneal inoculation 
of 2 × 106 tumor cells. The mice were then divided into 
three groups of 5 animals to receive gabapentin 30 mg/
kg body weight (G30) or 100 mg/kg body weight (G100) 
daily, or sterile saline solution (control group) from days 
2 to 8 (1 week of treatment). Gabapentin or normal saline 
were diluted in 1% alcohol, and administered orally by 
gavage once a day. The gabapentin dosage and route of 
administration have been previously described by Kukkar 
et al. [12] and Câmara et al. [8], and were selected based 
on a previous pilot experiment.

The mice were weighed at day 0 and day 10 post-inoc-
ulation to assess weight gain. At day 10, the mice were 
euthanized with an overdose of anesthetic using 150 mg/
kg ketamine hydrochloride and 120  mg/kg xylazine 
hydrochloride. Serum was collected and tumor growth 
and immunological parameters were evaluated [13, 14].

The abdominal circumference of the mice was meas-
ured. The ascitic fluid was collected through an opening 
in the abdominal wall and careful drainage of all the fluid 
using a sterile 3  mL syringe. Total ascites volume was 
measured with a Falcon tube. In sequence, 10 μL of the 
ascitic fluid was added to 10  μL of Trypan blue dye (0, 
2%), and tumor cell count was carried out using a Neu-
bauer chamber [14, 15].

The ascitic fluid was centrifuged (150g, 10  min.) and 
the supernatant was used to evaluate the activity of 
the inflammatory mediators arginase and superoxide 

dismutase (SOD) and NO production. Levels of cytokines 
were measured in serum and ascites (Additional files 1 
and 2).

ANOVA test was performed and Student’s t test was 
used to compare the control group to each gabapen-
tin group. Pearson’s coefficient and Spearman test were 
used for correlations. Graph Pad Prism 5.0® software was 
used for statistical analysis. p value < 0.05 was considered 
significant.

Results
There was weight gain (g) in G30 (11.0 ± 1.3  g; p 0.05) 
and G100 (10.4 ± 0.7  g; p 0.04) mice compared to the 
control group (6.8 ± 1.3 g). No differences in abdominal 
circumference, ascites volume and tumor cell count were 
observed (Additional file 3: Table S1).

G100 showed an increase in SOD activity levels (p 
0.001) and a decreased arginase activity (p 0.001) com-
pared to the control group (Figs.  1 and 2a, Additional 
file 4: Fig S1). There was no difference in these parame-
ters between G30 and the control group (Fig. 2a) and no 
difference in NO levels between groups (Fig. 2b).

The cytokine profile for each group are shown in Fig. 3. 
There was an increase in monocyte chemoattractant pro-
tein (MCP)-1 levels in ascites (p 0.01) and in serum (p 
0.001) and in interleukin (IL)-6 levels in ascites (p 0.01) 
and in serum (p 0.001) in G100. MCP-1 level was also 
increased in serum in G30 (p 0.03). Interferon (IFN)-γ 
level in serum was decreased in G100 (p 0.03), and no 
difference was seen in G30. Also, there was no difference 
in IFN-γ level in ascites.

The correlation analysis per mouse showed an increase 
in the MCP-1 levels in serum and in ascites in G100 
(Additional file 5: Fig S2 and Additional file 6: Fig S3). In 
addition, increased MCP-1 in ascites was associated with 
elevated SOD activity (Additional file 7: Fig S4).

Fig. 1 SOD activity in ascites according to study group. Swiss mice 
received 2 × 106 Ehrlich tumor cells in the peritoneal cavity and were 
treated with gabapentin (30 and 100 mg/kg) by gavage for 7 days, 
beginning 24 h after the inoculation. Control mice received saline 
solution. * p < 0.05 in comparison to control
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Discussion
The current study showed weight gain associated to the 
use of gabapentin in Ehrlich’s tumor bearing mice. How-
ever, it does not seem to be directly associated to tumor 
growth, since there was no difference in ascites volume, 
abdominal circumference and tumor cell count.

Gabapentin may be associated with reduced argin-
ase activity and increased SOD activity, as evidenced by 
the statistically significant difference comparing G100 
to control group. Additionally, immunomodulation was 
observed in G100, as demonstrated by the increase in 
MCP-1 and IL-6 levels. This suggests that high dose 
gabapentin induces a repairing inflammation profile, but 
not a severe inflammatory environment. No previous 
studies had demonstrated any findings that gabapentin 
might play a role in inflammation and in immunomod-
ulation in an in  vivo tumor model. These findings are 
relevant because gabapentin is frequently used in the 
management of severe pain, especially in cancer patients 
[16, 17].

It is important to emphasize that Ehrlich’s tumor is an 
extremely aggressive tumor model that creates a micro-
environment that favors the development of malignant 
cells in ascites, with secretion of substances known to 
promote tumor growth. This provided an appropriate 

scenario for the evaluation of systemic inflammation in 
response to the use of gabapentin [10].

This model induces cachexia and increased weight 
related to ascites volume [18]. However, the weight gain 
seen in the current study was not associated to ascites 
volume nor to different food intake (data not shown), 
suggesting that gabapentin had a beneficial effect in the 
treated mice.

A study by Bugan et al. [7] demonstrated that the use 
of a gabapentin dose of 4.6  μg/kg in male Copenhagen 
rats had no effect in the development of metastasis. How-
ever, at a dose of 9.1 μg/kg, the number of lung metasta-
ses reduced significantly by 64%, and at an even higher 
dose of 16.8  μg/kg, there was an increase in metastasis 
by 112%, with a trend to a shorter mean survival time. 
Nevertheless, these doses were much lower than in 
the current study, which were based on previous stud-
ies in experimental models [8, 12]. This may justify the 
paradoxal increase in the number of metastases seen by 
Bugan et  al. with a higher gabapentin dose instead of 
tumor control, as would be expected by the findings at 
the intermediate dose.

Arginase and NO synthase take up arginine as sub-
strate, reducing arginine levels. It has been shown that 
the reduction of arginine levels is associated with tumor 
progression [19–21]. Also, NO production represents 
a very important molecular mechanism implicated in 
gabapentin’s analgesic effects [22]. However, NO syn-
thesis and higher arginase activity are associated to the 
release of free radicals and tumor growth. Arginase 
activity causes some important alterations as inhibi-
tion of T cell proliferation and activation [23, 24], and 
antigen-specific T cell responses due to T cell receptor 
expression inhibition [25]. Therefore, tumor cell count, 
arginase activity and NO production are correlates of 
tumor growth and of metabolic pathways that aid in 
tumor nourishment and growth which are upregulated in 
several cancers types.

In the present study, these parameters were measured 
in ascites of Ehrlich’s tumor mice to evaluate the role of 
the local microenvironment in tumor growth promo-
tion. G100 mice showed reduced arginase activity, but 
no alteration in NO production. Assuming this would 
promote an increase in arginine levels, it suggests that 
gabapentin is beneficial for tumor control.

One of the mechanisms that may be responsible for the 
reduction of arginase activity is gabapentin-induced cal-
cium channel blockade [5, 6]. Calcium channel blockade 
is important in gabapentin’s mechanisms of pain con-
trol, and it regulates the activation of both NO synthase 
and arginase enzymes. Thus, calcium channel blockade 
reduces the activity of substrates that would promote a 
favorable microenvironment for tumor cells.

Fig. 2 Arginase activity according to study group (a) and NO level 
according to study group (b). Swiss mice received 2 × 106 Ehrlich 
tumor cells in the peritoneal cavity and were treated with gabapentin 
(30 and 100 mg/kg) by gavage for 7 days, beginning 24 h after 
the inoculation. Control mice received saline solution. * p < 0.05 in 
comparison to control
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Fig. 3 Cytokine level in ascites according to study group: MCP-1 (a), TNF- α (b), IFN- γ (c), IL-6 (d) and IL-10 (e). Cytokine level in serum according to 
study group: MCP-1 (f), TNF- α (g), IFN- γ (h) IL-6 (i) and IL-10 (j). Data expressed as plot by individual mice. * p < 0.05 compared to control
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Tumor growth has been associated to a reduction of 
SOD activity [26]. This metalloenzyme has the property 
of disrupting the superoxide anion by producing hydro-
gen peroxide, protecting against tumor cell free radicals 
and oxidative stress [27]. Thus, the higher SOD activity 
demonstrated in G100 mice suggests a tumor-induced 
protective mechanism against free radicals, pointing to 
an anti-oxidant role of gabapentin.

The role of the inflammatory cytokines TNF-α, IL-1β, 
IFN-γ, MCP-1 and IL-10 in Ehrlich tumor models has 
been well described [10]. They have been associated to 
tumor growth and immunomodulation of the inflam-
matory response. Câmara et al. [8] evaluated the use of 
three different doses of gabapentin (30, 60 and 120 mg/
kg body weight) on Wistar rats undergoing sciatic 
nerve constriction. At a dose of 60  mg/kg, gabapentin 
significantly increased nerve myeloperoxidase (MPO), 
TNF-α, and IL-1β levels; and at 120 mg/kg, there was a 
reduction in IL-10 level, an anti-inflammatory cytokine. 
On the contrary, a study by Yamaguchi et al. [28] recent 
study showed that gabapentin prevented SP-induced 
IL-6 and IL-8 production in U373 MG cells via the inhi-
bition of signaling molecules, thereby exhibiting anti-
neuroinflammatory effects.

In the present study, TNF-α, a cytokine associated to 
cachexia, was not increased by the use of gabapentin. 
However, there was an increase in IL-6 and MCP-1 lev-
els in serum and ascites of G100 mice. These cytokines 
are involved in the attraction and activation of mac-
rophages, which are important for the control of tumor 
cells (Additional file 5: Fig S2 and Additional File 6: Fig 
S3). Considering the differences in the experimental 
models described, it seems that high dose of gabapentin 
is associated with increased inflammatory cytokines in 
some experimental models but not in others, as in the 
tumor model presented here.

In summary, pain stimulus is associated to an inflam-
matory environment, which interferes with immune 
mechanisms and promotes tumor growth. The use of 
the non-opioid adjuvant gabapentin seems to be a good 
option for the treatment of cancer related pain, with a 
reduced risk to the oncological patient.

Limitations
Study results obtained in animals cannot be directly 
generalized to humans, and they may vary with differ-
ent tumor types. Future studies are needed to deter-
mine if these data can be extrapolated to humans. 
However, this is the first study to investigate whether 
gabapentin could have a detrimental effect on tumor 
cells.
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Additional file 1. Evaluation of nitric oxide (NO) production in peritoneal 
cell culture, arginase activity and superoxide dismutase (SOD) activity in 
ascites fluid and cytokines in serum in ascites fluid.

Additional file 2. Datasets used and/or analysed during the current study.

Additional file 3: Table S1. Weight gain, abdominal circumference, 
ascites volume and tumor cell count according to study group.

Additional file 4: Fig S1. SOD activity in ascites according to gabapentin 
dose. SOD activity in ascites increased with higher gabapentin dose.

Additional file 5: Fig S2. MCP-1 level in serum according to gabapentin 
dose. MCP-1 level increased with higher gabapentin dose.

Additional file 6: Fig S3. MCP-1 level in ascites according to gabapentin 
dose. MCP-1 level increased with higher gabapentin dose.

Additional file 7: Fig S4. SOD activity according to MCP-1 level in ascites.

Abbreviations
°C: celsius degree; g: gram; h: hour; IL: interleukin; kg: kilogram; MCP-1: 
monocyte chemoattractant protein 1; mg: milligram; min: minute; TNF: tumor 
necrosis factor; WHO: World Health Organization; μg: microgram; μL: microliter.

Authors’ contributions
PCL: conception and design of the work; acquisition, analysis and interpreta-
tion of data. ECRM: conception and design of the work; acquisition, analysis 
and interpretation of data. RJDC: acquisition, analysis and interpretation of 
data. JRN: acquisition, analysis and interpretation of data. ICPB: acquisition, 
analysis and interpretation of data. BPR: acquisition, analysis and interpretation 
of data. AAMV: acquisition, analysis and interpretation of data. APSAS: analysis 
and interpretation of data. FRFN: conception and design of the work; acquisi-
tion, analysis and interpretation of data. RKS: conception and design of the 
work; acquisition, analysis and interpretation of data; final revision. All authors 
have read and approved the final manuscript.

Author details
1 Federal University of Maranhão, São Luís, MA, Brazil. 2 Federal University 
of São Paulo, São Paulo, SP, Brazil. 3 Rua das Boninas, Bloco 2, apartment 1202, 
condomínio Ile Saint Louis, São Luís, MA 65077-552, Brazil. 

Acknowledgements
Coordination of Improvement of Higher Education Personnel (CAPES).

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets used and/or analysed during the current study are available 
from the corresponding author on reasonable request and its Additional 
files (Additional file 2).

Consent for publication
Not applicable.

Ethics approval and consent to participate
All procedures have been assessed and approved by the Committee 
of Ethics in Research at the Federal University of Maranhão (Protocol: 
23115.002502/2015-78).

Funding
This study was funded by Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (CNPq) (Grant No 305608/2015-0, http://www.cnpq.br) to Flávia 
Raquel Fernandes do Nascimento and by Fundação de Amparo à Pesquisa 
do Estado do Maranhão (Grant No 01354/16 to Flávia Raquel Fernandes do 
Nascimento, Grant No BD-01310/15 to Johnny Ramos do Nascimento, Grant 
No 00572/14 to Izabel Cristina Portela Bogéa Serra, http://www.fapem a.br). 
The funders had no role in study design, data collection and analysis, decision 
to publish, or preparation of the manuscript.

https://doi.org/10.1186/s13104-019-4103-9
https://doi.org/10.1186/s13104-019-4103-9
https://doi.org/10.1186/s13104-019-4103-9
https://doi.org/10.1186/s13104-019-4103-9
https://doi.org/10.1186/s13104-019-4103-9
https://doi.org/10.1186/s13104-019-4103-9
https://doi.org/10.1186/s13104-019-4103-9
http://www.cnpq.br
http://www.fapema.br


Page 6 of 6da Cunha Leal et al. BMC Res Notes           (2019) 12:59 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 3 October 2018   Accepted: 19 January 2019

References
 1. Esin E, Yalcin S. Neuropathic cancer pain: what we are dealing with? 

How to manage it? Onco Targets Ther. 2014;7:599–618. https ://doi.
org/10.2147/ott.s6099 5.

 2. Ventafridda V, Tamburini M, Caraceni A, De Conno F, Naldi F. A validation 
study of the WHO method for cancer pain relief. Cancer. 1987;59(4):850–
6. https ://doi.org/10.1002/1097-0142(19870 215)59:4%3c850 :AID-CNCR2 
82059 0432%3e3.0.CO;2-1.

 3. Fallon MT. Neuropathic pain in cancer. Br J Anaesth. 2013;111(1):105–11. 
https ://doi.org/10.1093/bja/aet20 8.

 4. Finnerup NB, Attal N, Haroutounian S, McNicol E, Baron R, Dworkin RH, 
et al. Pharmacotherapy for neuropathic pain in adults: a systematic 
review and meta-analysis. Lancet Neurol. 2015;14(2):162–73. https ://doi.
org/10.1016/S1474 -4422(14)70251 -0.

 5. Levy D, Strassman AM. Modulation of dural nociceptor mechanosensi-
tivity by the nitric oxide-cyclic GMP signaling cascade. J Neurophysiol. 
2004;92:766–72. https ://doi.org/10.1152/jn.00058 .2004.

 6. McClelland D, Evans RM, Barkworth L, Martin DJ, Scott RH. A study com-
paring the actions of gabapentin and pregabalin on the electrophysi-
ological properties of cultured DRG neurones from neonatal rats. BMC 
Pharmacol. 2004;4:14. https ://doi.org/10.1186/1471-2210-4-14.

 7. Bugan I, Karagoz Z, Altun S, Djamgoz MB. Gabapentin, an analgesic 
used against cancer-associated neuropathic pain: effects on prostate 
cancer progression in an in vivo rat model. Basic Clin Pharmacol Toxicol. 
2016;118(3):200–7. https ://doi.org/10.1111/bcpt.12484 .

 8. Câmara CC, Ramos HF, da Silva AP, Araújo CV, Gomes AS, Vale ML, et al. 
Oral gabapentin treatment accentuates nerve and peripheral inflam-
matory responses following experimental nerve constriction in Wistar 
rats. Neurosci Lett. 2013;556:93–8. https ://doi.org/10.1016/j.neule 
t.2013.10.010.

 9. Khan MI, Walsh D, Brito-Dellan N. Opioid and adjuvant analgesics: com-
pared and contrasted. Am J Hosp Palliat Care. 2011;28(5):378–83. https ://
doi.org/10.1177/10499 09111 41029 8.

 10. Fernandes PD, Guerra FS, Sales NM, Sardella TB, Jancar S, Neves JS. 
Characterization of the inflammatory response during Ehrlich ascitic 
tumor development. J Pharmacol Toxicol Met. 2015;71:83–9. https ://doi.
org/10.1016/j.vascn .2014.09.001.

 11. Dagli MLZ, Guerra JL, Saldiva PHN. An experimental study on the lym-
phatic dissemination of the solid Ehrlich tumor in mice. Braz J Vet Res 
Animal Sci. 1992;29(1):97–103.

 12. Kukkar A, Bali A, Singh N, Jaggi AS. Implications and mechanism of action 
of gabapentin in neuropathic pain. Arch Pharm Res. 2013;36:237–51. 
https ://doi.org/10.1007/s1227 2-013-0057-y.

 13. Matsuzaki P, Akisue G, Salgado Oloris SC, Górniak SL, Zaidan Dagli ML. 
Effect of Pfaffia paniculata (Brazilian ginseng) on the Ehrlich tumor in its 
ascitic form. Life Sci. 2003;74(5):573–9.

 14. Nascimento FR, Cruz GV, Pereira PV, Maciel MC, Silva LA, Azevedo AP, et al. 
Ascitic and solid Ehrlich tumor inhibition by Chenopodium ambrosioides 

L. treatment. Life Sci. 2006;78(22):2650–3. https ://doi.org/10.1016/j.
lfs.2005.10.006.

 15. Moura ECR, Leal PC, Serra ICPB, Ribeiro BP, Nascimento JR, Nascimento 
FRF, et al. Tumor growth activity of duloxetine in Ehrlich carcinoma 
in mice. BMC Res Notes. 2018;11:525. https ://doi.org/10.1186/s1310 
4-018-3655-4.

 16. Chen DL, Li YH, Wang ZJ, Zhu YK. The research on long-term clini-
cal effects and patients’ satisfaction of gabapentin combined with 
oxycontin in treatment of severe cancer pain. Medicine (Baltimore). 
2016;95(42):e5144.

 17. Yan PZ, Butler PM, Kurowski D, Perloff MD. Beyond neuropathic pain: 
gabapentin use in cancer pain and perioperative pain. Clin J Pain. 
2014;30(7):613–29. https ://doi.org/10.1097/AJP.00000 00000 00001 4.

 18. Segura JA, Barbero LG, Marquez J. Ehrlich ascites tumor unbalances 
splenic cell populations and reduced responsiveness of T cells to 
Staphylococcus aureus enterotoxin B stimulation. Immunomol Lett. 
2000;74:111–5. https ://doi.org/10.1016/S0165 -2478(00)00208 -X.

 19. Cederbaum SD, Yu H, Grody WW, Kern RM, Yoo P, Iyer RK. Arginases I and 
II: do their functions overlap? Mol Genet Metab. 2004;81(Suppl1):S38–44. 
https ://doi.org/10.1016/j.ymgme .2003.10.012.

 20. Mocellin S, Bronte V, Nitti D. Nitric oxide, a double edged sword in 
cancer biology: searching for therapeutic opportunities. Med Res Rev. 
2007;27:317–52. https ://doi.org/10.1002/med.20092 .

 21. Gupta S, Roy A, Dwarakanath BS. Metabolic cooperation and competition 
in the tumor microenvironment: implications for therapy. Front Oncol. 
2017;7:68. https ://doi.org/10.3389/fonc.2017.00068 .

 22. Mixcoatl-Zecuatl T, Flores-Murrieta FJ, Granados-Soto V. The nitric oxide-
cyclic GMP-protein kinase G-K+ channel pathway participates in the 
antiallodynic effect of spinal gabapentin. Eur J Pharmacol. 2006;53(1–
3):87–95. https ://doi.org/10.1016/j.ejpha r.2005.12.006.

 23. Calcinotto A, Filipazzi P, Grioni M, Iero M, De Milito A, Ricupito A, et al. 
Modulation of microenvironment acidity reverses anergy in human and 
murine tumor-infiltrating T lymphocytes. Cancer Res. 2012;72:2746–56. 
https ://doi.org/10.1158/0008-5472.CAN-11-1272.

 24. Colegio OR, Chu NQ, Szabo AL, Chu T, Rhebergen AM, Jairam V, et al. 
Functional polarization of tumour-associated macrophages by tumour- 
derived lactic acid. Nature. 2014;513:559–63. https ://doi.org/10.1038/
natur e1349 0.

 25. Rodriguez PC, Quiceno DG, Zabaleta J, Ortiz B, Zea AH, Piazuelo MB, et al. 
Arginase I production in the tumor microenvironment by mature mye-
loid cells inhibits T-cell receptor expression and antigen-specific T-cell 
responses. Cancer Res. 2004;64:5839–49. https ://doi.org/10.1158/0008-
5472.CAN-04-0465.

 26. Patra S, Muthuraman MS, Prabhu AR, Priyadharshini RR, Parthiban S. 
Evaluation of antitumor and antioxidant activity of Sargassum tenerri-
mum against Ehrlich ascites carcinoma in mice. Asian Pac J Cancer Prev. 
2015;16(3):915–21. https ://doi.org/10.7314/APJCP .2015.16.3.915.

 27. Szeto HH. Mitochondria-targeted peptide antioxidants: novel neuropro-
tective agents. AAPS J. 2006;8(3):E521–31.

 28. Yamaguchi K, Kumakura S, Someya A, Iseki M, Inada E, Nagaoka I. Anti-
inflammatory actions of gabapentin and pregabalin on the substance 
P-induced mitogen-activated protein kinase activation in U373 MG 
human glioblastoma astrocytoma cells. Mol Med Rep. 2017;16(5):6109–
15. https ://doi.org/10.3892/mmr.2017.7368 (Epub 2017 Aug 28).

https://doi.org/10.2147/ott.s60995
https://doi.org/10.2147/ott.s60995
https://doi.org/10.1002/1097-0142(19870215)59:4%3c850:AID-CNCR2820590432%3e3.0.CO;2-1
https://doi.org/10.1002/1097-0142(19870215)59:4%3c850:AID-CNCR2820590432%3e3.0.CO;2-1
https://doi.org/10.1093/bja/aet208
https://doi.org/10.1016/S1474-4422(14)70251-0
https://doi.org/10.1016/S1474-4422(14)70251-0
https://doi.org/10.1152/jn.00058.2004
https://doi.org/10.1186/1471-2210-4-14
https://doi.org/10.1111/bcpt.12484
https://doi.org/10.1016/j.neulet.2013.10.010
https://doi.org/10.1016/j.neulet.2013.10.010
https://doi.org/10.1177/1049909111410298
https://doi.org/10.1177/1049909111410298
https://doi.org/10.1016/j.vascn.2014.09.001
https://doi.org/10.1016/j.vascn.2014.09.001
https://doi.org/10.1007/s12272-013-0057-y
https://doi.org/10.1016/j.lfs.2005.10.006
https://doi.org/10.1016/j.lfs.2005.10.006
https://doi.org/10.1186/s13104-018-3655-4
https://doi.org/10.1186/s13104-018-3655-4
https://doi.org/10.1097/AJP.0000000000000014
https://doi.org/10.1016/S0165-2478(00)00208-X
https://doi.org/10.1016/j.ymgme.2003.10.012
https://doi.org/10.1002/med.20092
https://doi.org/10.3389/fonc.2017.00068
https://doi.org/10.1016/j.ejphar.2005.12.006
https://doi.org/10.1158/0008-5472.CAN-11-1272
https://doi.org/10.1038/nature13490
https://doi.org/10.1038/nature13490
https://doi.org/10.1158/0008-5472.CAN-04-0465
https://doi.org/10.1158/0008-5472.CAN-04-0465
https://doi.org/10.7314/APJCP.2015.16.3.915
https://doi.org/10.3892/mmr.2017.7368

	High dose gabapentin does not alter tumor growth in mice but reduces arginase activity and increases superoxide dismutase, IL-6 and MCP-1 levels in Ehrlich ascites
	Abstract 
	Objectives: 
	Results: 

	Introduction
	Main text
	Materials and methods
	Results
	Discussion

	Limitations
	Authors’ contributions
	References




