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been widely used to treat hyperglycemia. Metformin nanoparticles can improve
bioavailability and may reduce inflammation. This study aims to analyze the
effectiveness of metformin nanoparticles delivery through fasting blood glucose
(FGB) level and NLR in the diabetic rat model. This study used 16 white male Wistar
rats, 8 weeks of age, and body weight (BW) 250-350 grams. The streptozotocin (STZ)
40 mg/kg BW were injected i.p. Rats were divided into 4 groups; K1: normal control;
DOI: K2: negative control (diabetes model); K3: diabetes model treated with metformin
10.18196/mmijkk.v21i2.13358  100mg/Kg BW; K4: diabetes model treated with nanoparticle metformin 100mg/kg
BW. Blood analysis tests were conducted using the Pentra hematology analyzer. Data
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were analyzed using the Graphpad Prism program with the nonparametric Kruskal
Wallis test. The K3 group showed a periodical decrease in FBG level from day 7 to
day 28 by 122 # 11.31 mg/dL, and the mean NLR value was 0.48 + 0.3 x 10°/uL.
Group of K4 periodically decreased in FBG level, indicating that it was closer to
normal than K3. The result showed that at day 28.79 + 15.39 mg/dL, the mean NLR
value slightly increased compared to the K3 group by 0.54 + 0.3 x10°/uL. The
statistical tests showed a significant difference between the level of FBG (p 0.0089)
but no significant difference in NLR (p 0.347). Metformin nanoparticles could
decrease FBG levels and effectively reduce the NLR in the diabetic rat model.
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INTRODUCTION

Diabetes mellitus has attracted global attention. Based on data from the International Diabetes
Federation (IDF), the prevalence of diabetes mellitus in the world is 1.9%. DM has become the seventh leading
cause of death globally. In 2012, diabetes mellitus globally reached 371 million people, with 95% of it being caused
by type 2 diabetes mellitus and the rest being caused by type 1 diabetes mellitus.

According to the World Health Organization (WHO), in 2012, there were 1.5 million deaths caused by
diabetes mellitus. WHO estimates that about 422 million people over the age of 18 suffer from diabetes mellitus,
with the largest distribution in Southeast Asia and the western Pacific. This condition is chronic and characterized
by hyperglycemia, leading to chronic inflammation. Several studies on the relationship of white blood cells as a
biomarker of inflammation have found an important role for white blood cell counts in the pathogenesis of
insulin resistance.?

The leukocyte count is frequently performed to evaluate inflammatory conditions. However, the
neutrophil-lymphocyte ratio (NLR) is a new marker of inflammation that offers a more potential marker for
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chronic inflammation. The neutrophil count will increase in chronic inflammatory conditions while the
lymphocyte count will decrease. Various studies have also shown that NLR is better than the total leukocyte
count.3

The high incidence of diabetes mellitus in various regions in Indonesia has raised awareness of the
importance of rational treatment in the appropriate management of diabetes mellitus and its complications.
Treatment rationales include the accuracy of therapy based on diagnosis, choice of therapy, mode of
administration, and evaluation of therapy. The rational use of anti-Diabetes Mellitus drugs has allowed patients
to receive treatment according to clinical needs and in the right timeframe at a minimum cost.*

The use of metformin in clinical medicine began in 1957 when it was first prescribed as a therapy for
diabetes in humans, while Watanabe carried out trials of the effectiveness of the guanide hydrochloride in animal
models in early 1918. Although metformin has been on the UK market since 1958, metformin was only approved
by the US Food and Drug Administration (FDA) in late 1995. Although this drug has been used regularly for half
a century, the exact mechanism of action is still not fully understood. The mechanism of action of metformin is
at the complex molecular level. It is known that the main action of metformin is through the intracellular route
activation of the AMP protein kinase (AMPK pathway).>

Most oral hypoglycemic drugs are available in tablet and capsule form. This conventional dosage has
many disadvantages, such as short duration of action due to short half-life, protein binding, gastric irritation, low
bioavailability, diarrhea, and water-insoluble. To overcome this limitation, some authors use nanotechnology
with the help of a nano-sized package. The application of nanotechnology in medicine is called "Nanomedicine".
Nanoparticles are structures that have a size of 1-100 nanometers. It makes the nanoparticles easily penetrate
the cell wall so that they are best used as a preparation for bioactive drugs.® The development of a drug delivery
system (e.g., nanoparticles) for metformin can reduce the therapeutic dose.

MATERIALS AND METHOD

This research was a quasi-experimental study with a quantitative approach with a posttest-only control
group design. This study aims to assess the effect of metformin nanoparticles in a diabetic rat model by
comparing the negative control group, positive control group, and metformin-HCl therapy group. In this research,
the researchers use GDP and RNL as variables. The GDP level is the fasting blood glucose level of rats. The DM
model uses a glucometer, which is done before and during the treatment period in all groups. Neutrophil
Lymphocyte Ratio (NLR) of diabetic rat model is comparison value between the neutrophil count and the
lymphocyte count obtained from the results of the analysis of rat blood samples carried out in a clinical
laboratory using a hematology analyzer.

This study was conducted for 28 days, using 16 male Wistar strain white rats (Rattus norvegicus) aged 8
weeks with 250-300 grams of body weight in good health, normal activity, and behavior. Rats were divided into
4 Groups; K1: normal control; K2: negative control (diabetes model); K3: diabetes model treated with metformin
10omg/kg BW; K4: diabetes model treated with nanoparticle metformin 1oomg/kg BW.

Analysis of blood samples was performed using Pentra Hematology Analyzer. The data were processed
using the statistical program GraphPad Prism for Windows, with the Kruskal Wallis non-parametric test and the
Mann-Whitney post hoc test.

This study has received permission from the Ethical Committee of the Faculty of Medicine Universitas
Tadulako number 6507/UN 28.1.30/KL/2020.

RESULT

Characteristics of Animal Models

The samples in this study were male Wistar strain white rats (Rattus norvegicus), 8 weeks old, and
weighing 200-250 grams, in good health, with normal activity and behavior. Treatment was carried out by placing
the study animal at room temperature, with 12 hours of bright and 12 hours of dark lighting and adequate
ventilation. The study animals were fed with standard food and drank water orally. Sixteen rats were used in this
study, all of which met the criteria and could be analyzed. Three rats were not analyzed further, 2 died during
treatment and 1did not experience hyperglycemia on the 7% day after STZ induction. Mice that had been induced
by STZ and experienced hyperglycemia had several physical characteristics such as dull, matted, glossy hair, less
active, and there were signs of inflammation in the orbital area. Based on observations during treatment, the
drinking water bottles in hyperglycemic mice seemed to run out more quickly, indicating an increase in drinking
water consumption (polydipsia). Rat cages always looked wet, so they must be cleaned every day. It also
indicated that the rats have polyuria.
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Body Weight in Diabetic Rat Model

In the calculation of body weight per treatment group, the mean body weight was 331.29 * 35.76 grams
in K1, 279.83 * 35.67 grams in K2, 289.4 + 27.96 grams in K3, and 286.75 * 13.4 grams in K4. The total mean of all
treatment groups was 298.11 £ 35.76 grams. The normality of data distribution was carried out with Shapiro Wilk.
As the data were not normally distributed, the Kruskal Wallis non-parametric test was carried out, which showed
significant differences between treatment groups (p 0.0001). The body weights results are illustrated in Figure
1.
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Figure 1. Mean body weight of models D-7 to D+28 per treatment group
Note: K1: normal control; K2: negative control (diabetes model); K3: diabetes model treated with
metformin 10omg/kg BW; K4: diabetes model treated with nanoparticle metformin 10omg/kg BW.
Kruskal Wallis test p 0.0001. Post hoc Mann Whitney Test: K1 vs K2 (p 0.0001), K1 vs K3 (p 0.0001), K1 vs
K4 (p 0.0001), K2 vs K3 (p 0.4192), K2 vs K4 (p 0.5396), K3 vs K4 (p 0.2432). * p < 0.005 vs Ki1

Further tests on body weight of models per group were carried out using Mann Whitney with
significant differences between K1 and K2 (p 0.0001), K1 and K3 (p 0.0001), and K1 and K4 (p 0.0001). These
results indicated significant differences between the bodyweight of the normal group compared to other
diabetic groups. Further tests also showed that there were no significant differences between K2 and K3 (p
0.4192), K2 and K4 (p 0.5396), and K3 with K4 (p 0.2432), indicating that diabetic-induced rat who did or did not
receive therapy, either metformin or nano-metformin, did not experience improvement in body weight to
normal values during the study period.

Fasting blood glucose Levels in Diabetic Rat Model

This study was conducted by inducing STZ intraperitoneally in Wistar rats assigned to K2, K3, and K4
groups. Streptozotocin is a diabetogenic substance that damages the pancreatic cells directly on the nitrosourea
group and induces an increase in reactive oxygen species (ROS)." The STZ is widely used in animal tests as it
increases blood glucose levels by triggering excessively free radical production.

The mean FBG of models per treatment group was 82.75 * 6.7 to 90.5 * 12.79 gram in K1. It indicated
that all groups had normal FBG levels (<126 mg/dL). At the end of the study, the mean FBG levels of models
ranged from 79 + 15.39 to 184.75 * 76.02 gram. It meant that the FBG level of K1, K3, and K4 changed during the
test, but they fell back to the normal limit. However, for K2, the mean value was still above the normal limit. The
FBG level results are illustrated in Figure 2.

The FBG level measurement was carried out to evaluate the effect of metformin therapy by a statistical
test of FBG data accumulation from one-week post-therapy (H+7) until the end of the study (H+28) per treatment
group. The normality test results using Shapiro Wilk showed that the data distribution was not normally
distributed. The Kruskal Wallis non-parametric test revealed significant differences between treatment groups
(p 0.0002).
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Figure 2. Fasting blood glucose of models H+7 to H+28 per treatment group
Note: K1: normal control; K2: negative control (diabetes model); K3: diabetes model treated with
metformin 10omg/kg BW; K4: diabetes model treated with nanoparticle metformin 10omg/kg BW.

Kruskal Wallis test showed p 0.0002, Post hoc Mann Whitney test: K1 vs. K2 (p 0.0005), K1 vs. K3 (p
0.1089), K1 vs. K4 (p 0.2223), K2 vs. K3 (p 0.0629), K2 vs. K4 (p 0.0001), K3 vs. K4 (p 0.0089). *= p<0.05 vs K2,
#=p<0.05 vs K4. Further, the Mann Whitney test showed significant differences in FBG levels between K1 and K2
(p 0.0005), K2 and K4 (p 0.0001), and K3 and K4 (p 0.0089). It indicated that the group given with nano-
metformin therapy (K4) showed an improvement in levels close to the normal limit, with a significant difference
between the diabetic group (K2) and metformin therapy group (K3). No significant difference was found
between the K3 and normal rat groups (K1). There was a significant difference in the nano-metformin therapy
group (K4). It can be concluded that both metformin dosages had a good antihyperglycemic effect, especially
the nano-metformin.

Neutrophil Lymphocyte Ratio

The NLR measurement results showed an effect of metformin administration, both in general and
nanoparticle dosage, on the reduction of NLR. It was shown by the total leukocytes and the differential
neutrophils and lymphocytes from each group. The range of normal hematologic values varied in individual male
and female mice and age groups.® The mean NLR results are illustrated in Figure 3.
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Figure 3. Mean NLR of Models between treatment groups
Note: K1: normal control; K2: negative control (diabetic model); K3: diabetes model treated with
metformin 10omg/kg BW; K4: diabetes model treated with nanoparticle metformin 10omg/kg BW.
Kruskal Wallis test p 0.0002. post hoc Mann Whitney test: K1 vs K2 (p 0.0005), K1 vs K3 (p 0.1089), K1 vs
K4 (p 0.2223), K2 vs K3 (p 0.0629), K2 vs K4 (p 0.0001), K3 vs K4 (p 0.0089). *=p<0.05 vs K2, #=p<0.05 vs K4

Based on the analysis of rat blood samples in the normal control rat group (K1), the mean leukocytes
were 3.8 * 1.7 x103/mm3, absolute neutrophils were 1.94 + 0.16, and absolute lymphocytes were 1.57 + 1.2. In the
positive control rat group (K2), the mean leukocytes were 3.5 + 0.3 x103/mm3, absolute neutrophils were 1.51 +
0.35, and absolute lymphocytes were 1.91 + 0.64. In the metformin therapy group (K3), the mean leukocytes
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were 10.45 * 12.09 x103/mm3, absolute neutrophils were 2.16  1.97, and absolute lymphocytes were 7.29 + 8.75.
In the nano-metformin therapy group (K4), the mean leukocytes were 6.17 + 4.24 x103/mm3, absolute neutrophils
were 1.7 £ 1.16, and absolute lymphocytes were 4.11 + 3.53.

DISCUSSION

This study was conducted by inducing STZ intraperitoneally in Wistar rats assigned to K2, K3, and K4
groups. Streptozotocin is a diabetogenic substance that damages the pancreatic cells directly on the nitrosourea
group and induces an increase in reactive oxygen species (ROS). The STZ is widely used in animal tests as it
increases blood glucose levels by triggering excessively free radical production.

In this research, the researchers used metformin due to its ability to reduce blood glucose levels without
causing weight gain and less incidence of hypoglycemia.® Another study also stated that metformin therapy in
obese patients with metabolic syndrome only experienced a weight loss of up to 2.5%. These results fall short of
the FDA-mandated limit of the minimum 5% weight loss that obesity therapy drugs should yield.™

The results on the FBG level test align with the theory that the minor mechanism of action of metformin
as a biguanide drug is to inhibit gluconeogenesis in the kidneys, slow down glucose absorption in the digestive
tract, increase the conversion of glucose to lactate by enterocytes, direct stimulation of glycolysis in tissues,
increase glucose uptake from the blood, and decrease plasma glucagon levels. The effect of biguanide in
lowering blood glucose is independent of pancreatic beta cells. Patients with type 2 diabetes will show a
significant reduction in fasting hyperglycemia and postprandial hyperglycemia after biguanide administration.™"

The NLR values in the K1 group were 0.85 - 2.53, with a mean NLR of 1.69. The result of K1 was higher
than other treatment groups as one of the mice in the group had a high neutrophil count value. It could be
influenced by several factors, such as the amount and type of feed, cleanliness of the cage, the stress conditions
of the animals, the possibility of an early infection, thus influencing the increase in the mean NLR.

Meanwhile, in the K2 group, the NLR values were 1.21 - 0.53 with a mean NLR of 0.87, which according
to our assumptions, was still within the normal range, where hyperglycemia conditions should trigger
inflammation characterized by an increase in the number of neutrophils as a mediator of inflammation. Hence,
an increase in NLR is equal to or possibly more than the K1 group. It occurred due to the unknown initial NLR
value and the possibility of neutropenia in study models.

In the K3 group, the NLR values were 0.69 - 0.26, with a mean NLR of 0.48. In the K4 group, the NLR
values were 0.22 - 0.81, with a mean NLR of 0.54. The mean NLR between K3 and K4 only showed a slight
difference, and both of them had the lowest mean NLR compared to other treatment groups. The result of the
Kruskal-Wallis test showed no significant differences in the mean RNL of each group (p 0.347).

In the evidence, metformin could reduce subclinical inflammation as measured by NLR. It is noteworthy
that supported previous reports that metformin could suppress markers of inflammation such as hsCRP in pre-
diabetic individuals and TNF in insulin-resistant individuals. The NLR had recently been identified as a biomarker
and the predictor of all-cause mortality and cardiovascular events, while previous studies demonstrated a
substantial beneficial effect of metformin therapy on cardiovascular outcomes.*'>% In this research, the
researchers found that suppressing chronic inflammation by metformin might contribute to the difference in
diabetic rat model outcomes. Metformin directly affects inflammation, including effects on NF-kB signaling and
differentiation of monocytes into macrophages,”'® as well as suppressing proinflammatory cytokines from
these macrophages. In line with this, metformin suppresses the NLR in type 2 diabetes'9*°

The test's limitation was the absence of the initial (pre-test) value of the NLR of each treatment group
so that the hematological value of each rat in each group at the beginning of the study and whether there were
any previous infections remained unidentified. Furthermore, the short study period of 28 days is also a limitation,
where the results may be different if further tests are carried out with a longer study time.

CONCLUSION

The conclusion is that metformin nanoparticles could reduce Fasting Blood Glucose levels periodically
to below normal limits, could maintain the NLR value but are not significantly different, and has a better
antihyperglycemic effect than metformin-HCl preparations. Both metformin preparations could reduce the
Neutrophil-Lymphocyte Ratio through an antihyperglycemic effect.
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