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Abstract— Metformin recently has been known to be able to regulate the AMPK/mTOR pathway and be 

able to regulate several autoimmune, inflammation, malignant and aging related conditions. This study aims 

to evaluate the effect of intraperitoneal versus oral metformin on IL-17 levels on a pristane induce female 

BALB/c mice. Thirty-one female BALB/c mice, aged 6 weeks and weighted approximately 25 grams, 

induced with 0.5 ml of pristane (2,6,10,14 tetramethylpentadecane, TMPD) intraperitoneally. After 120 days, 

treatment group given normal saline 100 mcl, oral metformin 100mg/kgBW, or intraperitoneal metformin 

100mg/kgBW. After 60 days of treatment, all treatment groups were sacrificed, and kidney specimens 

prepared and stained using H&E. Interleukin-17 level was measured using ELISA. Results - Post induction 

with intraperitoneal pristane, there was a difference in IL-17 level between normal control and SLE model 

groups (52.33 vs. 64.20 pg/mL; mean difference 11.87 pg/mL; 95% CI 8.93 – 14.81 pg/mL; p<0.001). 

Comparison between normal saline control with oral metformin group resulted in IL-17 levels of 64.62 vs. 

60.30 pg/mL (mean difference 4.31 pg/mL; 95% CI 0.83-7.79; p=0.021). Comparison between normal saline 

control with intraperitoneal metformin group resulted in IL-17 levels of 64.62 vs. 55.04 pg/mL (mean 

difference 9.57 pg/mL; 95% CI 4.17-14.97 pg/mL; p=0.004). Metformin is a potential new therapy to reduce 

the levels of IL-17 in SLE and in turn inhibits the development of glomerulonephritis. Intraperitoneal 

metformin, or intravenous in human, could provide a novel route of administration to improve the effect of 

metformin on lupus patients. 
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1. Introduction 

Systemic lupus erythematosus (SLE) is a complex multi-system disease entity, which characterized by organ 

damage and comorbidities resulting from anti-nuclear antibody production and inherited immune system 

imbalance.[1] The complexity of patho-mechanism and related clinical manifestations resulted in a difficulty 

to an effective and comprehensive management of this disease. At this moment, SLE treatment relied on 

immunosuppressants and steroids to suppress the immune system and in relation reduce disease activity. This 
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strategy is not ideal, there are several types of patients who do not responds well to immunosuppression, 

furthermore the therapy will also produce several side effects, such as infection, osteoporosis, muscle loss 

and mental disturbances. So much so that nowadays, infection and cardiovascular comorbidity is the cause 

of the majority of mortality related to SLE, not the disease itself.[2]  

Recent studies on pathogenesis and experimental models has shown that the key to effective SLE 

management doesn’t relied on the suppression of immune system, but how to manage the balance the activity 

of several key players, such as T regulator (Treg), T autoreactive (Th17), B autoreactive and B regulator 

(Breg) lymphocytes.[3] Autoreactive T lymphocytes is one of the most interesting and important player, this 

subtype of T helper cells was known by its ability to produce interleukin-17 (IL-17) and known to cause 

significant inflammatory reaction in lupus patients by disrupting the cellular and humoral response.[4] 

Patients with SLE was known to have elevated IL-17 levels and this cytokines was also proven to be able to 

induced inflammatory cells infiltration to skin, lungs and kidneys.[3,5] Studies on mice models also proven 

this cytokine abilities to cause lupus nephritis, induced inflammatory chemokines secretions, differentiate and 

induce proliferation of auto-reactive B cells, and also suppress the activity and proliferation of regulatory T 

cells.[6,7] Interleukin-17 was indeed an important cytokines, as it was also implicated not only in 

autoimmunity, but also other systemic inflammatory condition such as atopic asthma.[8,9] 

Several studies has also shown the influence of oxidative stress from environmental exposure to the imbalance 

of Treg and Th17 cells, with subsequent effects on the elevation of IL-17 levels and the development of SLE 

in exposed individuals.[10] Exposure to reactive oxygen species (ROS) was known to disrupt mitochondrial 

potential balance and activate mTOR (mammalian Target of Rapamycin) metabolism regulation pathway by 

suppressing AMPK (Adenosine Monophosphate Kinase), this in turn resulted in a preference of Th17 pathway 

activation rather than Treg.[11,12] Metformin, an old anti-diabetic drug with reputable safety profile, recently 

has been known to be able to regulate the AMPK/mTOR pathway and from several studies has been shown 

to be able to regulate several autoimmune, inflammation, malignant and aging related conditions.[13] Studies 

on mice models of rheumatoid arthritis, autoimmune encephalitis and lupus nephritis has also shown this drug 

ability as a potential therapy of autoimmune disease.[11,14] This study aims to evaluate the effect of 

intraperitoneal versus oral metformin on IL-17 levels on a pristane induce female BALB/c mice, as there no 

studies have evaluated the route of metformin delivery especially on an environmentally induced model of 

lupus nephritis. 

 

2. Methodology 

 

2.1 Animal model 

Thirty-one female BALB/c mice, aged 6 weeks and weighted approximately 25 grams, was purchased from 

Universitas Hasanuddin Makassar and then maintained at the Animal Unit of Molecular Biology Laboratory 

of Universitas Hasanuddin Makassar from January 2018. After 2 weeks of acclimatization the mice were then 

divided into 5 groups (normal control, SLE model, normal saline, oral metformin and intraperitoneal 

metformin group), and then 4 of the groups was induced with 0.5 ml of pristane (2,6,10,14 

tetramethylpentadecane, TMPD) intraperitoneally. The normal control group was injected with normal saline 

0,5 ml intraperitoneally as a control group. After 120 days the normal control and SLE groups was sacrificed, 
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kidney specimen was then fixated with NBF 10%, prepared in paraffin block and then stained with H&E. 

 

2.2 Intervention 

After 120 days, the intervention group was given therapy according to their designation, the normal saline 

group was given 100 mcl normal saline via oral gavage once daily, the oral metformin group was given 100 

mg/kg body weight of metformin diluted in 100 mcl normal saline via oral gavage once daily, and the 

intraperitoneal metformin group was given 100 mg/kg body weight of metformin diluted in normal saline via 

intraperitoneal injection once daily. Treatment lasted for 60 days and at the end of the period all three groups 

was sacrificed, kidney specimen fixated with NBF 10%, prepared in paraffin block and then stained with H&E. 

 

2.3 Cytokine Measurement 

Interleukin-17 level was measured using murine IL-17 ELISA kit and the reaction was read using ELISA 

Reader 270 (Biomerieux, France). All measurements were conducted as per manufacturer instruction and 

repeated three times to ensure the validity. 

 

2.4 Histopathological Analysis 

Kidney specimens was read by two independent and blinded histopathologist experienced in evaluating murine 

renal samples. Glomerular scores were evaluated by measuring the level of destruction on 50 glomerular unit 

in each mouse and scored as 0 = normal, 1 = mesangial expansion, 2 = endocapillary proliferation, 3 = 

capillaritis or necrotic changes and 4 = crescents. Interstitial scoring was measured by evaluating 50 high 

power fields and scored as 0 = no interstitial involvement, 1 = <25% interstitial involvement, 2 = 25-50% 

involvement and 3 = >50% involvement. [15] 

 

2.5 Statistical Analysis 

Statistical analysis was done by measuring mean difference (t test) to evaluate the difference in IL-17 levels 

and histopathological scores between the five groups. All test reported with 95% confidence interval, standard 

error and statistical significance score. 

 

3. Results 

Two mice died in the acclimatization period, the rest of them entered the study period and finished the 

experiments without problems. Two groups (normal control and SLE model) was sacrificed at the end of 120 

days induction period, the resulting IL-17 changes could be seen in table 1. The starting level of IL-17 shows 

no difference between normal control and SLE model groups (53.56 vs. 55.30 pg/mL; mean difference 1.76 

pg/mL; 95% CI -1.92 – 5.54 pg/mL; p=0.303). Post induction with intraperitoneal pristane, there was a 

difference in IL-17 level between normal control and SLE model groups (52.33 vs. 64.20 pg/mL; mean 

difference 11.87 pg/mL; 95% CI 8.93 – 14.81 pg/mL; p<0.001). 

 

Three groups (normal saline, oral metformin and intraperitoneal metformin) entered the 60 days of intervention 

period, the resulting IL-17 changes could be seen in table 2. Comparison between normal saline control with 

oral metformin group resulted in IL-17 levels of 64.62 vs. 60.30 pg/mL (mean difference 4.31 pg/mL; 95% CI 

0.83-7.79; p=0.021). Comparison between normal saline control with intraperitoneal metformin group resulted 

in IL-17 levels of 64.62 vs. 55.04 pg/mL (mean difference 9.57 pg/mL; 95% CI 4.17-14.97 pg/mL; p=0.004) 

(figure 1). Comparison between IL-17 levels changes in oral metformin and intraperitoneal metformin group 

showed -4.89 vs. -7.56 pg/mL (mean difference -2.67 pg/mL; 95% CI -9.80 – 4.45; p=0.371). 

 

Table 1. Comparison of IL-17 Levels Before and After Induction with Intraperitoneal Pristane 
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 IL-17 

Baseline (pg/ml) 

IL-17 

Post Induction (pg/ml) 

Mean Difference p 

Normal BALB/c (n=5) 53.56 

 (49.85-57.27) 

52.3  

(50.09-64.65) 

1.23 

(-0.71-3.17) 

0.153 

SLE Model (n=6) 55.33  

(52.87-57.78) 

64.20  

(61.54-66.87) 

-8.87 

(-13.04-(-4.71) 

0.004 

Pristane BALB/c + NS 

Control (n=6) 

57.47  

(54.67-60.29) 

64.95  

(61.80-68.10) 

-7.46  

(-13.05-(1.88) 

0.021 

Pristane BALB/c + 

Oral Metformin (n=6) 

55.74  

(52.58-58.90) 

65.20  

(61.78-68.62) 

-9.87 

(-14.48-(-5.26) 

<0.001 

Pristane BALB/c + IP 

Metformin (n=6) 

52.74  

(50.10-55.38) 

62.61  

(60.49-64.73) 

1.23 

(-0.71-3.17) 

0.004 

Table 2. Comparison of IL-17 Levels Before and After Intervention with Metformin 

 IL-17 

Post Induction (pg/ml) 

IL-17 

Post Therapy (pg/ml) 

Mean Difference p 

Pristane BALB/c + 

NS Control (n=6) 

64.95  

(61.80-68.10) 

64.62  

(62.54-66.70) 

0.33 

(-2.91-3.57) 
0.791 

Pristane BALB/c + 

Oral Metformin 

(n=6) 

65.20  

(61.78-68.62) 

60.30 

 (56.67-63.94) 

4.85 

(2.98-6.80) 
0.002 

Pristane BALB/c + 

IP Metformin (n=6) 

62.61  

(60.49-64.73) 

55.04  

(48.88-61.13) 

7.56 

(0.34-14.79) 
0.044 

 

 

Figure 1. Levels of IL-17 post induction with pristane (left; scaled 10 times) and post therapy with oral and 

intraperitoneal (IP) metformin (right; scaled 10 times). Numerical and statistical results could be referred to 

table 2. 

Histo-pathological analysis done to kidney specimens resulted in a variable change in specific intervention 

group (figure 2). Glomerular scoring comparison between BALB/c normal and SLE model group revealed a 

score of 2.2 vs. 3.0 (mean difference 0.80; 95% CI 0.33-1.26; p=0.04). Interstitial scoring comparison 

between BALB/c normal and SLE model group revealed a score of 1.20 vs. 1.40 (mean difference 0.20; 95% 

CI 0.83-1.23; p=0.667). Total histo-pathological scoring between the two groups revealed a score of 4.40 vs. 
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3.40 (mean difference 1.00; 95% CI -0.08 – 2.08; p=0.066). Histopathological scoring between intervention 

groups (normal saline, oral and intraperitoneal metformin) did not reveal significant differences, although 

qualitative analysis by blinded pathologists revealed difference in the degree of nephritis happening in each 

group (figure 3). 

 

Figure 2. Analysis on normal BALB/c control (upper and lower left) revealed mild tubulonephritis changes, with 

minimal mesangial expansion, endocapillary proliferation and capillaritis. 

 

Significant interstitial infiltration (25-50% field) only happens in one member of normal BALB/c group. In 

the SLE model group (upper and lower right), after induction with pristane, there was a significant change in 

the glomeruli, with dominant endocapillary proliferation and minimal mesangial expansion and capillaritis. 

 

4. Discussion 

Systemic lupus erythematosus is a multifactorial inflammatory autoimmune condition, with clinical 

manifestations that involved various tissues and organ. The etiology of this autoimmune condition is linked 

to dysfunctional B and T lymphocyte response to environmental stimulus in a genetically susceptible 

individual, which in turn determine the immune response to various autoantigen and then tissue damage. The 

application of pristane, an aromatic hydrocarbon substance, has an advantage to genetically modified mice, 

because the ability of this model to mimics SLE in human which usually as a result of environmental 

exposure in a genetically susceptible individual. Pristane model also enables the researcher to evaluate 

pathophysiological changes in a timely manner, to give a picture of cellular mechanism involved in the 

development and progressivity of SLE. [16,17] 

In this study, we showed that after the induction with pristane, there was a significantly different level of IL-

17 in the normal BALB/c group compared to the SLE model (52.33 vs. 64.20 pg/mL; mean difference 11.87; 

IK 95% 8.93-14.81; p<0.001). This result in in accordance to Amarilyo et al, that shown that in IL-17 

deficient mice, pristane induction did not resulted in lupus autoantibody production and no 
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glomerulonephritis such as in sufficient IL-17 mice models. Amarilyo et al, also shown that the protection 

of a deficiency in IL-17 from glomerulonephritis was resulted from a decrease in double negative T cells 

(CD3+CD4-CD8-) and expansion in CD4+ Tregs.[7] 

 

Figure 3. In general, there was a widespread and significant glomerular and interstitial change across all groups, 

consistent with previous SLE models. Tubulo-nephritic changes significantly happens more than glomerulo-nephritis, 

although significant interstitial infiltration only happens in the normal saline group (upper right), especially in two 

members of its group. Qualitatively, two blinded pathologists concluded that the most severe changes happen in the 

normal saline group and the least severe in the intraperitoneal metformin group. 

The involvement of IL-17 on lupus pathogenesis in murine models also has been shown in studies utilizing 

MRLlpr/lpr and B6lpr/lpr mice, where those studies reported an increase of IL-17 levels in lupus prone mice 

compared to normal control. [5] Furthermore, studies with IL-17 receptor (IL-17R) knocked out mice also 

shown a decrease in humoral response to inflammatory stimuli[18] and a deficiency of IL-17 resulted in a 

protection against glomerulonephritis development. [6] These results showed that in lieu of an important pro-

inflammatory cytokines, IL-17 is directly supporting the pro-pathogenic conditions that resulted in a 

production of auto-antibodies and renal inflammation of SLE. 

We showed that, after treatment with oral and intraperitoneal metformin there was a difference of IL-17 

levels compared to the normal saline control (64.62 vs. 60.30 vs. 55.04 pg/ml; NS vs. oral vs. IP metformin 

group). Until recently, there was only a few of studies comparing intervention to reduce IL-17 on mice 

models. Mardani et al, showed that in a pristane induced model, intervention with the probiotic Lactobacillus 

resulted in a decrease of IFN-gamma and IL-17 levels, followed with a reduction in ANA, anti-dsDNA and 

anti-RNP levels.[19] Maeda et al, shown that the suppression of  Th17 and IL-17 resulted in an increase of 

STAT6/STAT3 ratio, that resulted in a reduction of auto-antibody production and damage from lupus 

nephritis.[20] Suppression with adipose tissue stem cells in B6.MRL/lpr mice has shown that, a reduction in 

mRNA IL-17 expression was followed with an increase in mRNA FOXP3+, ROR-γt and miR-23b 

expression, that resulted in a reduction of renal inflammation. [21] 

This study revealed that the administration of oral and intraperitoneal metformin gave a significantly better 
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suppression of IL-17 than placebo, in accordance to the study conducted by Yin et al. Where intervention 

with metformin and 2-DG (2-deoxy-glucose) in B6.Sle1Sle2.Sle3 mice resulted in a suppression of IL-17 

and IFN-gamma levels through a blockade on the glucose oxidation pathway. [12] This blockade on the 

glucose oxidation pathway also normalize T cell metabolism, which in turn suppressed the activation of 

CD4+ T cells and return the balance of pro/anti-inflammatory cytokines on the mice model.[14] 

Intraperitoneal route of metformin gave a superior effect on the suppression of IL-17 levels compared to oral 

route, and according to our observation this was the first study that observed this effect. Dowling et al study 

on NOD/SCID mice revealed that plasma levels of metformin were higher in intraperitoneal than oral route 

(145 uM vs. 77 uM; range 65.8-214.7 uM vs. 41.6-99.0 uM). [22] Thus it is concluded that intraperitoneal 

metformin gave a higher suppression of IL-17 through higher plasma level than oral route. 

Although this study was able to prove that, there was a characteristic change in accordance to lupus nephritis 

in pristane induced models compared to normal BALB/c, subsequent therapy with metformin failed to 

produce a statistically significant score change. However, qualitative analysis by blinded pathologists has 

confirmed that there was at least a difference in renal changes that showed better results in intraperitoneal 

treated mice than oral metformin and placebo control. This result could be caused by a short period of 

intervention, longer treatment time could possibly result in a significant difference in renal scoring.  

Constraint 

This study had several constraints, such as there was no evaluation of autoantibodies related to SLE such as 

anti-dsDNA, anti-Sm and anti-RNP1. However, several murine studies has confirmed the ability of pristane 

induced BALB/c in producing related autoantibodies.[23,24] This research also did not evaluate the antibody 

response to metformin therapy, however several studies has shown the ability of metformin in reducing 

autoantibodies related to SLE [14,25]. We also did not evaluate the expression of mRNAs related to Th17, 

such as RORγt and STAT3, but alas several studies has shown that Th17 activity was closely related to IL-

17 levels. [26,27] 

5. Conclusion 

Murine model of SLE by pristane induced female BALB/c mice could be used to represent a model of lupus 

similar to human condition. The increased activity of Th17, in this study represented by IL-17 levels, has 

proven to be related to the development of lupus nephritis. Metformin is a potential new therapy to reduce 

the levels of IL-17 in SLE and in turn inhibits the development of glomerulonephritis. Intraperitoneal 

metformin, or intravenous in human, could provide a novel route of administration to improve the effect of 

metformin on lupus patients. 
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ANA : Anti-Nuclear Antibody 

Anti-dsDNA : anti-double-stranded DNA 

Anti-RNP : anti-ribonucleic protein 

Anti-Sm : anti-Smith 

Breg : B regulator lymphocyte 

IFN-gamma : Interferon gamma 

IL-17 : Interleukin 17 

IL-17R  : IL-17 receptor  

mTOR  : mammalian Target of Rapamycin 

NOD/SCID : Nonobese Diabetic/Severe Combined Immunodeficiency 

SLE : Systemic Lupus Erythematosus  

STAT3 : Signal Transducer and Activator of Transcription 3 

STAT6 : Signal Transducer and Activator of Transcription 6 

Treg : T regulator lymphocyte. 
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