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ABSTRACT

Introduction: Karamunting (Rhodomyrtus tomentosa) is Indonesian native plants that contain
high antioxidant compounds with the potential to suppress oxidative stress activity in cells. This
study is the first research to specifically explore the role of the Karamunting fraction in protecting

kidney damage due to the formation of AGEs in the renal glomerulus in diabetes mellitus.

Objective: This study aimed to assess the role of Karamunting on blood glucose profile, HbAlc,
insulin profile and kidney condition (AGEs expression, TNF alpha and kidney histology) on
diabetic rats.

Methods. The Karamunting extraction process was carried out by maceration with ethanol.
Induction of diabetes mellitus was carried out using streptozotocin. Thirty male rats (Rattus
norvegicus) Wistar strain weighing between 200 - 250 grams were the subject in this study.
HbALlc, insulin, TNF-a, AGEs levels were evaluated in the kidney tissue. Histological assessment

of the kidney was carried out.

Results. Karamunting can improve blood glucose levels in diabetic rats. This improvement in
blood glucose levels causes an improvement in the level of glycosylated haemoglobin (HbAlc).
Administration of Karamunting fraction can prevent AGEs deposition in the renal tissue, which in

turn will inhibit inflammation and prevent further damage to the kidneys.

Conclusion. Karamunting fraction can improve blood glucose regulation so that it can prevent

further damage and complications of the kidney organs in diabetic rats.

Keywords: glycated haemoglobin A, insulin, protective agents, oxidative stress, Rhodomyrtus

tomentosa.

INTRODUCTION

Diabetes mellitus is a clinical condition characterized by systemic impairment of glucose
regulation which leads to accumulation of glucose products in the blood and tissues.[1] Glucose

that accumulates in the blood and tissues will react with proteins/nucleic acids/lipids to form
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various Amadori products which will lead to the formation of advanced glycation end products
(AGEs).[1,2] AGEs are protein modification products and lipids that are responsible for the
progression and complications of diabetes mellitus. The kidneys are vital organs that play a role
in the filtration of blood, electrolytes and plasma. As a filtration organ, the kidneys are the organs
most at risk of becoming a buildup of AGEs products.[2,3] Accumulation of AGEs products on
the renal filtration tissue, the glomerulus, causes activation of the inflammatory cascade.
Activation of the inflammatory cascade is responsible for the activation of death receptors from
cells which will lead to cell death.[3] Cell death in the glomerulus and tubule causes the blood
filtration function not to take place optimally. This condition causes chronic kidney failure. Kidney
failure due to diabetes mellitus is one of the most common complications experienced by people
with diabetes mellitus.[3,4] Kidney failure causes dependence on hemodialysis. Limited
hemodialysis tools and hemodialysis facilities cause severe morbidity and mortality, in addition to
the increasing health costs that must be borne by the patient and the state. Therefore, it is essential
and very urgent to explore new therapeutic modalities to prevent severe complications of diabetes

mellitus in the renal organs due to accumulation of AGEs and chronic inflammation.

Indonesia is a country with the second-largest vegetation wealth in the world. This wealth
of vegetation is an opportunity for Indonesia to be developed into potential new therapeutic
modalities. Karamunting (Rhodomyrtus tomentosa) is one of Indonesia's native plants from the
Bangka Belitung archipelago. This plant is a type of shrub with high antioxidant content.
Antioxidants are compounds with the potential to suppress oxidative stress activity in cells. In
contrast, the accumulation of AGEs in cells and tissues plays a role in the initiation of oxidative
stress in cells and tissues.[5] Oxidative stress inhibition causes inhibition of the inflammatory

cascade and inhibition of cell and tissue death and damage.
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This study is the first research that seeks to specifically explore the role of the Karamunting
fraction in protecting kidney damage due to the formation of AGEs in the renal glomerulus in
diabetes mellitus. This study will assess at the role of Karamunting on blood glucose profile,
glycated haemoglobin, insulin profile and kidney condition with a focus on the expression of

AGEs, TNF alpha and kidney histology.

MATERIAL AND METHODS

Animal Model

A total of thirty male rats (Rattus norvegicus) Wistar strain obtained from the Eureka
Research Laboratory (Palembang, Indonesia) weighing between 200 - 250 grams. All experimental
animals were kept in cages under controlled conditions of 12 hours of the light-dark cycle,
temperature 22 + 1°C and humidity 40-60% and given ad libitum food. The research treatments
and procedures have received approval from the medical research ethics committee of the Faculty

of Medicine, Universitas Sriwijaya (No. 254/kptfkunsri-rsmh/2020).

Karamunting fractionation preparation

Karamunting simplicia was obtained from the Tawangmangu Herbal Research Center,
Karanganyar, Indonesia. The Karamunting extraction process was carried out by maceration in
which 500 grams of simplicia were macerated with 96% ethanol for 72 hours. Furthermore, carried
out a proportion between the dregs and macerate. Maserate continued with the fractionation
process with n-hexane, ethyl acetate and water solvents, to obtain the n-hexane fraction (FH), ethyl
acetate fraction (FE) and water fraction (FA) from Karamunting. Karamunting water fraction is a

fraction that has been tested and explored more intensively.
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Induction of diabetes mellitus

Induction of diabetes mellitus was carried out using streptozotocin (STZ) compounds
(Sigma Aldrich, Singapore). A total of 55 mg/kg BW solution of STZ in citrate buffer (0.1 M, pH
4.5) was injected into intraperitoneal which had been fasted overnight [6]. Non-diabetic controls
were injected with citrate buffer (0.1 M, pH 4.5). After seven days of STZ induction, fasting blood
glucose levels were measured with a spectrophotometer (Biorad, Singapore). Rats with a blood

glucose concentration of more than 200 g/dL are categorized as diabetic rats.

Chronic treatment with Karamunting fraction

The rats were grouped into six groups, namely group 1: a group of non-diabetic white rats,
group 2: a group of streptozocin-induced diabetes mellitus without treatment, group 3-6: a group
of rats induced diabetes mellitus given glibenclamide 5 mg/kg BW (Dexamedica, Palembang,
Indonesia) [7]; Karamunting fraction dose of 10 mg/kg BW; 20 mg/kg BW and 40 mg/kg BW.

Glibenclamide and fractions were given for 30 days.

Blood Sample Collection

A blood sample was taken from the orbital vein on the first day after overnight fasting.
After 30 days of being given standard drugs or Karamunting fraction, the rats that had been fasted
overnight were sacrificed, and blood samples were taken for biochemical examination. HbAlc
was measured from blood samples that had been collected in the EDTA tube with the rat HbAlc
assay kit. Insulin was measured from blood samples using an ELISA Insulin rating (Cloud Clone,
Hangzhou, China). Blood glucose measurement was carried out with a spectrophotometer (Biorad,

Singapore). Before being stored at -20°C, the blood samples in the EDTA tube were centrifuged



(Biorad, Singapore) at a speed of 5000 rpm at 25°C, 10 minutes. The supernatant is collected and

stored to be used as a sample for biochemical testing.
Evacuation of experimental animal’s kidney

Before organ evacuation, the Wistar rat was anaesthetized by injecting 10% chloral hydrate
(3.5 ml/kg BW). Furthermore, the operation was performed on the flank area with an incision of
about 5 centimetres to obtain the kidney. Next, the kidneys are evacuated and divided, where some
are put into ice packed containers, and some are put into boxes filled with 10% NBF liquid (normal
buffer formalin). The kidneys that were put into the ice-packed container were homogenized and
centrifuged at a speed of 5000 rpm, for 30 minutes at 4°C. The supernatant was then taken and
stored in a centrifuge tube at -20°C, to check levels of TNF alpha and AGEs. Part of the kidneys

that had been placed in 10% NBF solution was prepared for histopathological examination.
ELISA (Enzyme-Linked Immunosorbent Assay): HbAlc, Insulin, TNF-a, AGEs

Rat ELISA HbAlc examined HbAlc, insulin, TNF-a, AGEs levels in the kidney tissue;
Insulin; TNF-a; AGEs (Cloud Clone, Hangzhou, China), based on the protocol contained in the
manufacturer's protocols (sensitivity of ELISA kit 92%). Briefly, 50 ul of standard diluent or serum
samples were added to the well and incubated at 37°C for 30 minutes. After the plates were washed,
100 pl of the biotinylated antibody solution was added and set for 30 minutes at 37°C. After
washing three times, 50 ul avidin-peroxidase complex solution was added and incubated for 15
minutes at 37°C. After washing, 50 pl of tetramethylbenzidine colour solution was added and set
in the dark for 15 minutes at 37°C. Finally, 50 ul stop solution was added to stop the reaction, and

the optical density (OD) was measured using an ELISA reader (Biorad, Singapore), the wavelength



of 450 nm. By analyzing the standard curve of the standard of each examination protein, the levels

of HbA1lc, insulin, TNF-a and AGEs were obtained.

PAS (Periodic acid-Schiff) histological examination staining

Kidney tissue that was fixed with 10% NBF was dehydrated using graded alcohol and
xylene, then paraffinized and cut to a thickness of 5um using a rotary microtome (Leica, Ilinois,
USA). The results of the cut were then placed on a glass object, added to the Shiff's reagent, let
stand for 5-7 minutes and then stained with Mayer's Hemalaum solution for 3 minutes.
Subsequently, washed, dehydrates, cleared in xylene and mounted with mounting media were
carried out. Histopathological changes in synovial tissue were analyzed under a microscope

(Olympus, Tokyo, Japan).

Phytochemical test

Test for phenols

The test was performed by using the method of Sofowora [8]. 2 ml extract was taken in a
beaker glass. Then, 2 ml of ferric chloride solution was added. A deep bluish-green solution

indicated the presence of phenols.

Test for terpenoids

Salkowski test was performed by using the method of Edeoga et al. [9]. 5 ml of aqueous
extract was mixed in 2 ml of chloroform. Then 3 ml of concentrated sulfuric acid was poured to

form a layer. A reddish-brown colouration of interface indicated the presence of terpenoids.

Test for saponins



The test was performed using the method of Edeoga et al. [9]. 2 g of the powdered sample
boiled in 20 ml of distilled water in a water bath and filtered the solution. Then 10 ml of the filtrate
was mixed with 5 ml of distilled water and shake vigorously for a stable, persistent foam. The
foam was mixed with three drops of olive oil and shake vigorously, which leads to the formation

of the emulsion; indicated the presence of saponins.
Test for flavonoids

The test was performed by using the method of Harborne [10]. 1 g powdered sample was
heated with 10 ml ethyl acetate over a steam bath (40-50°C) for 5 minutes. The filtrate was treated

with 1 ml dilute ammonia. A yellow colouration demonstrated positive test for flavonoids.

Test for alkaloids

The test was performed by using the method of Harborne [10]. 1 g powdered sample was
extracted with 5 ml methanol and 5 ml of 2N hydrochloric acid. Then the filtrate was tested with

Meyer's and Wagner's reagents. The samples were scored positive, based on turbidity.
Statistical analysis

All data were presented as mean + standard deviation, and all statistical analyzes were
performed with the SPSS 25 (IBM, Jakarta, Indonesia) program. One way ANOVA followed by
post hoc analysis was carried out to assess the difference in mean expression levels of each protein.

P <0.05 was determined as an indication that there was a significant difference in mean levels.
RESULTS

Table 1 shows the potential for Karamunting fraction on glucose regulation in Wistar rats.

Karamunting extract was able to improve blood glucose levels in rats. This improvement in blood



glucose levels causes an improvement in the level of glycosylated haemoglobin (HbAZXc).
Karamunting fraction has been shown to increase insulin secretion from the pancreas, which is

believed to improve blood glucose regulation.

Table 2 provides an overview of the potential for Karamunting fraction in inhibiting
complications of kidney problems in people with diabetes mellitus. The Karamunting fraction can
improve the directional glucose regulation so that there is inhibition of AGEs deposition in the
renal tissue so that it can inhibit inflammation and the inflammatory cascade played by TNF-alpha

expression.

Figure 1 is a histopathological picture, as well as cross-check of the results of biochemical
and molecular markers on the cellular image. Figure 1 shows that administration of Karamunting
fraction can prevent AGEs deposition in the renal tissue, which in turn will inhibit inflammation

and prevent further damage to the kidneys.

Table 3 shows that each Karamunting water fraction is rich in flavonoids with very high
antioxidant potential. Flavonoids are the primary, secondary metabolites believed to play a role in

inhibiting inflammation and oxidants due to the accumulation of AGEs.

DISCUSSION

Karamunting water fraction is part of further exploration carried out to isolate further the
presence of polar compounds in the Karamunting extract. The Karamunting water fraction shows
that the flavonoid content is relatively high and is believed to be the primary, secondary metabolite
that plays a role in improving glucose regulation and inhibition of AGEs deposition in kidney

tissue. Karamunting is rich in flavonoids with potential as antioxidants.
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Diabetes mellitus is a clinical disorder, where there is severe oxidative stress due to chronic
stress conditions on cells [1,5]. Excess glucose intake will lead to overproduction of insulin in
pancreatic beta cells. Pancreatic beta cells will be stimulated to produce large amounts of insulin
and quickly. This condition causes a lot of misfolded insulin protein which will lead to the
accumulation of misfolded insulin protein in the endoplasmic reticulum. This condition causes cell
stress which leads to a cascade of oxidative stress.[7,11] Oxidative stress on pancreatic beta cells
will cause the activation of the inflammatory cascade, which will lead to the activation of death
receptors and cause the death of pancreatic beta cells.[12-13] This condition will lead to insulin
deficiency which will worsen glucose regulation.[14-16] The absence of insulin will cause the
accumulation of glucose outside the cells in blood vessels and tissues.[17-19] This condition
causes a systemic glycosylation process in all organs, especially in the kidneys as the blood
filtration organ. This glycosylation process causes the accumulation of AGEs products, which are

the reaction products between glucose and proteins, lipids and nucleic acids.[18-20]

The accumulation of AGEs in the kidney, especially in the glomerulus, causes the
activation of an inflammatory transcription factor that will trigger the activation of the
proinflammatory cytokine, TNF-o [21-24]. Activation of inflammation in the kidneys leads to
kidney damage [25-27]. This damage causes the kidneys to decrease their function and role as a
filtration organ [28]. Karamunting acts as an antioxidant that will be able to improve oxidative
stress conditions in diabetes mellitus [29,30]. This study proves the ability of Karamunting to
enhance the regulation of blood glucose, insulin and HbAlc. Good glucose regulation ability will
reduce the production of AGEs which will cause inhibition of AGEs accumulation in the tissue
[18,19]. The decrease in AGEs will cause a reduction in the production of proinflammatory

cytokines which will lead to repair of damage and deterioration of cell function.



CONCLUSION

Karamunting fraction can improve blood glucose regulation so that it can prevent further

damage and complications of the kidney organs in the condition of diabetes mellitus in rat.
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Table 1. Effect Karamunting Extract in Glucose Regulation

Fasting blood glucose HbAlc (ng/mL) Insulin (IU/mL)

Groups (mg/dL)

Day 1 Day 30 Day 1 Day 30 Day 1 Day 30
1 89.9+6.87 87.8+5.37 3.9+0.17  3.8+0.27 188.2+15.32 188.1+16.65
2 389.9+26.71 399.9+28.27 | 12.8+0.82 12.9+0.65 | 32.8+0.11 32.9+0.13
3 382.2+21.13 181.3+11.27° | 12.5+0.76 7.8+0.23" | 32.4+0.21 123.1+£10.12"
4 384.3+23.21 299.2+24.57" | 12.3+0.43 10.1+0.95" | 32.3+0.12 87.8+4.65"
5 383.2+27.97 197.3+16.47° | 12.9+0.68 7.9+0.44" | 32.1+0.22 124.3+10.12"
6 386.6+26.57 169.9+10.22" | 12.6+0.77 6.9+0.33" | 32.3+0.23 132.9+11.22"

*ANOVA, pos hoc Bonferroni, p<0,05 VS Group 2

Group 1: non-diabetic rat; group 2: streptozocin-induced diabetes without treatment; group 3:
streptozocin-induced diabetes with glibenclamide treatment (5 mg/kg BW); group 4: streptozocin-
induced diabetes rats with Karamunting fraction (10 mg/kg BW); group 5: streptozocin-induced
diabetes rats with Karamunting fraction (20 mg/kg BW); group 6: streptozocin-induced diabetes
rats with Karamunting fraction (40 mg/kg BW).



Table 2. Effect of Karamunting Extract in AGEs and TNF-a

Groups AGEs (pg/mL) TNF-o(pg/mL)
1 17.741.37 89.9+7.76

2 989.9+58.74 1221.4+87.65
3 198.3+16.23" 453.6+32.23"
4 249.6+21.27" 567.8+43.15"
5 193.3+15.57" 447.2+40.41"
6 169.9+13.92" 398.8+34.93"

*ANOVA, pos hoc Bonferroni, p<0,05 versus group 2

Group 1: non-diabetic rat; group 2: streptozocin-induced diabetes without treatment; group 3:
streptozocin-induced diabetes with glibenclamide treatment (5 mg/kg BW); group 4: streptozocin-
induced diabetes rats with Karamunting fraction (10 mg/kg BW); group 5: streptozocin-induced
diabetes rats with Karamunting fraction (20 mg/kg BW); group 6: streptozocin-induced diabetes

rats with Karamunting fraction (40 mg/kg BW).



Table 3. Phytochemical Test of Karamunting Fraction

Test Material ~ Saponin Alkaloid Triterpenoid  Steroid Flavonoid

Karamunting + + + + +++

fraction



Figure 1. Histological overview of kidney tissue. PAS Staining. A: group 1, B: group 2, C: group 3, D: group 4, E:
group 5, F: group 6. Glycogen deposition (double arrows), Bowman's capsule (double arrowheads), Bowman's space

(arrowhead), mesangial area (arrow). 400x magnification.
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ABSTRACT

Introduction: Karamunting (Rhodomyrtus tomentosa) is Indonesian native plants that contain
high antioxidant compounds with the potential to suppress oxidative stress activity in cells. This
study is the first research to specifically explore the role of the Karamunting fraction in protecting

kidney damage due to the formation of AGEs in the renal glomerulus in diabetes mellitus.

Objective: This study aimed to assess the role of Karamunting on blood glucose profile, HbAlc,
insulin profile and kidney condition (AGEs expression, TNF alpha and kidney histology) on

diabetic rats.

Methods. The Karamunting extraction process was carried out by maceration with ethanol.
Induction of diabetes mellitus was carried out using streptozotocin. Thirty male rats (Rattus
norvegicus) Wistar strain weighing between 200 - 250 grams were the subject in this study.
HbALlc, insulin, TNF-a, AGEs levels were evaluated in the kidney tissue. Histological assessment

of the kidney was carried out.

Results. Karamunting can improve blood glucose levels in diabetic rats. This improvement in
blood glucose levels causes an improvement in the level of glycosylated haemoglobin (HbAlc).
Administration of Karamunting fraction can prevent AGEs deposition in the renal tissue, which in

turn will inhibit inflammation and prevent further damage to the kidneys.

Conclusion. Karamunting fraction can improve blood glucose regulation so that it can prevent

further damage and complications of the kidney organs in diabetic rats.

Keywords: glycated haemoglobin A, insulin, protective agents, oxidative stress, Rhodomyrtus

tomentosa.

INTRODUCTION

Diabetes mellitus is a clinical condition characterized by systemic impairment of glucose
regulation which leads to accumulation of glucose products in the blood and tissues.[1] Glucose

that accumulates in the blood and tissues will react with proteins/nucleic acids/lipids to form



various Amadori products which will lead to the formation of advanced glycation end products
(AGEs).[1,2] AGEs are protein modification products and lipids that are responsible for the
progression and complications of diabetes mellitus. The kidneys are vital organs that play a role
in the filtration of blood, electrolytes and plasma. As a filtration organ, the kidneys are the organs
most at risk of becoming a buildup of AGEs products.[2,3] Accumulation of AGEs products on
the renal filtration tissue, the glomerulus, causes activation of the inflammatory cascade.
Activation of the inflammatory cascade is responsible for the activation of death receptors from
cells which will lead to cell death.[3] Cell death in the glomerulus and tubule causes the blood
filtration function not to take place optimally. This condition causes chronic kidney failure. Kidney
failure due to diabetes mellitus is one of the most common complications experienced by people
with diabetes mellitus.[3,4] Kidney failure causes dependence on hemodialysis. Limited
hemodialysis tools and hemodialysis facilities cause severe morbidity and mortality, in addition to
the increasing health costs that must be borne by the patient and the state. Therefore, it is essential
and very urgent to explore new therapeutic modalities to prevent severe complications of diabetes

mellitus in the renal organs due to accumulation of AGEs and chronic inflammation.

Indonesia is a country with the second-largest vegetation wealth in the world. This wealth
of vegetation is an opportunity for Indonesia to be developed into potential new therapeutic
modalities. Karamunting (Rhodomyrtus tomentosa) is one of Indonesia's native plants from the
Bangka Belitung archipelago. This plant is a type of shrub with high antioxidant content.
Antioxidants are compounds with the potential to suppress oxidative stress activity in cells. In
contrast, the accumulation of AGEs in cells and tissues plays a role in the initiation of oxidative
stress in cells and tissues.[5] Oxidative stress inhibition causes inhibition of the inflammatory

cascade and inhibition of cell and tissue death and damage.



This study is the first research that seeks to specifically explore the role of the Karamunting
fraction in protecting kidney damage due to the formation of AGEs in the renal glomerulus in
diabetes mellitus. This study will assess at the role of Karamunting on blood glucose profile,
glycated haemoglobin, insulin profile and kidney condition with a focus on the expression of

AGEs, TNF alpha and kidney histology.

MATERIAL AND METHODS

Animal Model

A total of thirty male rats (Rattus norvegicus) Wistar strain obtained from the Eureka
Research Laboratory (Palembang, Indonesia) weighing between 200 - 250 grams. All experimental
animals were kept in cages under controlled conditions of 12 hours of the light-dark cycle,
temperature 22 + 1°C and humidity 40-60% and given ad libitum food. The research treatments
and procedures have received approval from the medical research ethics committee of the Faculty

of Medicine, Universitas Sriwijaya (No. 254/kptfkunsri-rsmh/2020).

Karamunting fractionation preparation

Karamunting simplicia was obtained from the Tawangmangu Herbal Research Center,
Karanganyar, Indonesia. The Karamunting extraction process was carried out by maceration in
which 500 grams of simplicia were macerated with 96% ethanol for 72 hours. Furthermore, carried
out a proportion between the dregs and macerate. Maserate continued with the fractionation
process with n-hexane, ethyl acetate and water solvents, to obtain the n-hexane fraction (FH), ethyl
acetate fraction (FE) and water fraction (FA) from Karamunting. Karamunting water fraction is a

fraction that has been tested and explored more intensively.



Induction of diabetes mellitus

Induction of diabetes mellitus was carried out using streptozotocin (STZ) compounds
(Sigma Aldrich, Singapore). A total of 55 mg/kg BW solution of STZ in citrate buffer (0.1 M, pH
4.5) was injected into intraperitoneal which had been fasted overnight [6]. Non-diabetic controls
were injected with citrate buffer (0.1 M, pH 4.5). After seven days of STZ induction, fasting blood
glucose levels were measured with a spectrophotometer (Biorad, Singapore). Rats with a blood

glucose concentration of more than 200 g/dL are categorized as diabetic rats.

Chronic treatment with Karamunting fraction

The rats were grouped into six groups, namely group 1: a group of non-diabetic white rats,
group 2: a group of streptozocin-induced diabetes mellitus without treatment, group 3-6: a group
of rats induced diabetes mellitus given glibenclamide 5 mg/kg BW (Dexamedica, Palembang,
Indonesia) [7]; Karamunting fraction dose of 10 mg/kg BW; 20 mg/kg BW and 40 mg/kg BW.

Glibenclamide and fractions were given for 30 days.

Blood Sample Collection

A blood sample was taken from the orbital vein on the first day after overnight fasting.
After 30 days of being given standard drugs or Karamunting fraction, the rats that had been fasted
overnight were sacrificed, and blood samples were taken for biochemical examination. HbAlc
was measured from blood samples that had been collected in the EDTA tube with the rat HbAlc
assay kit. Insulin was measured from blood samples using an ELISA Insulin rating (Cloud Clone,
Hangzhou, China). Blood glucose measurement was carried out with a spectrophotometer (Biorad,

Singapore). Before being stored at -20°C, the blood samples in the EDTA tube were centrifuged



(Biorad, Singapore) at a speed of 5000 rpm at 25°C, 10 minutes. The supernatant is collected and

stored to be used as a sample for biochemical testing.
Evacuation of experimental animal’s kidney

Before organ evacuation, the Wistar rat was anaesthetized by injecting 10% chloral hydrate
(3.5 ml/kg BW). Furthermore, the operation was performed on the flank area with an incision of
about 5 centimetres to obtain the kidney. Next, the kidneys are evacuated and divided, where some
are put into ice packed containers, and some are put into boxes filled with 10% NBF liquid (normal
buffer formalin). The kidneys that were put into the ice-packed container were homogenized and
centrifuged at a speed of 5000 rpm, for 30 minutes at 4°C. The supernatant was then taken and
stored in a centrifuge tube at -20°C, to check levels of TNF alpha and AGEs. Part of the kidneys

that had been placed in 10% NBF solution was prepared for histopathological examination.
ELISA (Enzyme-Linked Immunosorbent Assay): HbAlc, Insulin, TNF-a, AGEs

Rat ELISA HbAlc examined HbAlc, insulin, TNF-a, AGEs levels in the kidney tissue;
Insulin; TNF-a; AGEs (Cloud Clone, Hangzhou, China), based on the protocol contained in the
manufacturer's protocols (sensitivity of ELISA kit 92%). Briefly, 50 ul of standard diluent or serum
samples were added to the well and incubated at 37°C for 30 minutes. After the plates were washed,
100 pl of the biotinylated antibody solution was added and set for 30 minutes at 37°C. After
washing three times, 50 ul avidin-peroxidase complex solution was added and incubated for 15
minutes at 37°C. After washing, 50 pl of tetramethylbenzidine colour solution was added and set
in the dark for 15 minutes at 37°C. Finally, 50 ul stop solution was added to stop the reaction, and

the optical density (OD) was measured using an ELISA reader (Biorad, Singapore), the wavelength



of 450 nm. By analyzing the standard curve of the standard of each examination protein, the levels

of HbA1lc, insulin, TNF-a and AGEs were obtained.

PAS (Periodic acid-Schiff) histological examination staining

Kidney tissue that was fixed with 10% NBF was dehydrated using graded alcohol and
xylene, then paraffinized and cut to a thickness of 5um using a rotary microtome (Leica, Ilinois,
USA). The results of the cut were then placed on a glass object, added to the Shiff's reagent, let
stand for 5-7 minutes and then stained with Mayer's Hemalaum solution for 3 minutes.
Subsequently, washed, dehydrates, cleared in xylene and mounted with mounting media were
carried out. Histopathological changes in synovial tissue were analyzed under a microscope

(Olympus, Tokyo, Japan).

Phytochemical test

Test for phenols

The test was performed by using the method of Sofowora [8]. 2 ml extract was taken in a
beaker glass. Then, 2 ml of ferric chloride solution was added. A deep bluish-green solution

indicated the presence of phenols.

Test for terpenoids

Salkowski test was performed by using the method of Edeoga et al. [9]. 5 ml of aqueous
extract was mixed in 2 ml of chloroform. Then 3 ml of concentrated sulfuric acid was poured to

form a layer. A reddish-brown colouration of interface indicated the presence of terpenoids.

Test for saponins



The test was performed using the method of Edeoga et al. [9]. 2 g of the powdered sample
boiled in 20 ml of distilled water in a water bath and filtered the solution. Then 10 ml of the filtrate
was mixed with 5 ml of distilled water and shake vigorously for a stable, persistent foam. The
foam was mixed with three drops of olive oil and shake vigorously, which leads to the formation

of the emulsion; indicated the presence of saponins.
Test for flavonoids

The test was performed by using the method of Harborne [10]. 1 g powdered sample was
heated with 10 ml ethyl acetate over a steam bath (40-50°C) for 5 minutes. The filtrate was treated

with 1 ml dilute ammonia. A yellow colouration demonstrated positive test for flavonoids.

Test for alkaloids

The test was performed by using the method of Harborne [10]. 1 g powdered sample was
extracted with 5 ml methanol and 5 ml of 2N hydrochloric acid. Then the filtrate was tested with

Meyer's and Wagner's reagents. The samples were scored positive, based on turbidity.
Statistical analysis

All data were presented as mean + standard deviation, and all statistical analyzes were
performed with the SPSS 25 (IBM, Jakarta, Indonesia) program. One way ANOVA followed by
post hoc analysis was carried out to assess the difference in mean expression levels of each protein.

P <0.05 was determined as an indication that there was a significant difference in mean levels.
RESULTS

Table 1 shows the potential for Karamunting fraction on glucose regulation in Wistar rats.

Karamunting extract was able to improve blood glucose levels in rats. This improvement in blood



glucose levels causes an improvement in the level of glycosylated haemoglobin (HbAZXc).
Karamunting fraction has been shown to increase insulin secretion from the pancreas, which is

believed to improve blood glucose regulation.

Table 2 provides an overview of the potential for Karamunting fraction in inhibiting
complications of kidney problems in people with diabetes mellitus. The Karamunting fraction can
improve the directional glucose regulation so that there is inhibition of AGEs deposition in the
renal tissue so that it can inhibit inflammation and the inflammatory cascade played by TNF-alpha

expression.

Figure 1 is a histopathological picture, as well as cross-check of the results of biochemical
and molecular markers on the cellular image. Figure 1 shows that administration of Karamunting
fraction can prevent AGEs deposition in the renal tissue, which in turn will inhibit inflammation

and prevent further damage to the kidneys.

Table 3 shows that each Karamunting water fraction is rich in flavonoids with very high
antioxidant potential. Flavonoids are the primary, secondary metabolites believed to play a role in

inhibiting inflammation and oxidants due to the accumulation of AGEs.

DISCUSSION

Karamunting water fraction is part of further exploration carried out to isolate further the
presence of polar compounds in the Karamunting extract. The Karamunting water fraction shows
that the flavonoid content is relatively high and is believed to be the primary, secondary metabolite
that plays a role in improving glucose regulation and inhibition of AGEs deposition in kidney

tissue. Karamunting is rich in flavonoids with potential as antioxidants.



Diabetes mellitus is a clinical disorder, where there is severe oxidative stress due to chronic
stress conditions on cells [1,5]. Excess glucose intake will lead to overproduction of insulin in
pancreatic beta cells. Pancreatic beta cells will be stimulated to produce large amounts of insulin
and quickly. This condition causes a lot of misfolded insulin protein which will lead to the
accumulation of misfolded insulin protein in the endoplasmic reticulum. This condition causes cell
stress which leads to a cascade of oxidative stress.[7,11] Oxidative stress on pancreatic beta cells
will cause the activation of the inflammatory cascade, which will lead to the activation of death
receptors and cause the death of pancreatic beta cells.[12-13] This condition will lead to insulin
deficiency which will worsen glucose regulation.[14-16] The absence of insulin will cause the
accumulation of glucose outside the cells in blood vessels and tissues.[17-19] This condition
causes a systemic glycosylation process in all organs, especially in the kidneys as the blood
filtration organ. This glycosylation process causes the accumulation of AGEs products, which are

the reaction products between glucose and proteins, lipids and nucleic acids.[18-20]

The accumulation of AGEs in the kidney, especially in the glomerulus, causes the
activation of an inflammatory transcription factor that will trigger the activation of the
proinflammatory cytokine, TNF-o [21-24]. Activation of inflammation in the kidneys leads to
kidney damage [25-27]. This damage causes the kidneys to decrease their function and role as a
filtration organ [28]. Karamunting acts as an antioxidant that will be able to improve oxidative
stress conditions in diabetes mellitus [29,30]. This study proves the ability of Karamunting to
enhance the regulation of blood glucose, insulin and HbAlc. Good glucose regulation ability will
reduce the production of AGEs which will cause inhibition of AGEs accumulation in the tissue
[18,19]. The decrease in AGEs will cause a reduction in the production of proinflammatory

cytokines which will lead to repair of damage and deterioration of cell function.



CONCLUSION

Karamunting fraction can improve blood glucose regulation so that it can prevent further

damage and complications of the kidney organs in the condition of diabetes mellitus in rat.
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Table 1. Effect Karamunting Extract in Glucose Regulation

Fasting blood glucose HbAlc (ng/mL) Insulin (IU/mL)

Groups (mg/dL)

Day 1 Day 30 Day 1 Day 30 Day 1 Day 30
1 89.9+6.87 87.8+5.37 3.9+0.17  3.8+0.27 188.2+15.32 188.1+16.65
2 389.9+26.71 399.9+28.27 | 12.8+0.82 12.9+0.65 | 32.8+0.11 32.9+0.13
3 382.2+21.13 181.3+11.27° | 12.5+0.76 7.8+0.23" | 32.4+0.21 123.1+£10.12"
4 384.3+23.21 299.2+24.57" | 12.3+0.43 10.1+0.95" | 32.3+0.12 87.8+4.65"
5 383.2+27.97 197.3+16.47° | 12.9+0.68 7.9+0.44" | 32.1+0.22 124.3+10.12"
6 386.6+26.57 169.9+10.22" | 12.6+0.77 6.9+0.33" | 32.3+0.23 132.9+11.22"

*ANOVA, pos hoc Bonferroni, p<0,05 VS Group 2

Group 1: non-diabetic rat; group 2: streptozocin-induced diabetes without treatment; group 3:
streptozocin-induced diabetes with glibenclamide treatment (5 mg/kg BW); group 4: streptozocin-
induced diabetes rats with Karamunting fraction (10 mg/kg BW); group 5: streptozocin-induced
diabetes rats with Karamunting fraction (20 mg/kg BW); group 6: streptozocin-induced diabetes
rats with Karamunting fraction (40 mg/kg BW).



Table 2. Effect of Karamunting Extract in AGEs and TNF-a

Groups AGEs (pg/mL) TNF-o(pg/mL)
1 17.741.37 89.9+7.76

2 989.9+58.74 1221.4+87.65
3 198.3+16.23" 453.6+32.23"
4 249.6+21.27" 567.8+43.15"
5 193.3+15.57" 447.2+40.41"
6 169.9+13.92" 398.8+34.93"

*ANOVA, pos hoc Bonferroni, p<0,05 versus group 2

Group 1: non-diabetic rat; group 2: streptozocin-induced diabetes without treatment; group 3:
streptozocin-induced diabetes with glibenclamide treatment (5 mg/kg BW); group 4: streptozocin-
induced diabetes rats with Karamunting fraction (10 mg/kg BW); group 5: streptozocin-induced
diabetes rats with Karamunting fraction (20 mg/kg BW); group 6: streptozocin-induced diabetes

rats with Karamunting fraction (40 mg/kg BW).



Table 3. Phytochemical Test of Karamunting Fraction

Test Material ~ Saponin Alkaloid Triterpenoid  Steroid Flavonoid

Karamunting + + + + +++

fraction



Figure 1. Histological overview of kidney tissue. PAS Staining. A: group 1, B: group 2, C: group 3, D: group 4, E:
group 5, F: group 6. Glycogen deposition (double arrows), Bowman's capsule (double arrowheads), Bowman's space

(arrowhead), mesangial area (arrow). 400x magnification.
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Summary

Introduction: Karamunting (Rhodomyrtus tomentosa) is Indonesian native plant that contains
high antioxidant compounds with the potential to suppress oxidative stress activity in cells. This
study is the first research to specifically explore the role of the karamunting fraction in protecting
kidney damage due to the formation of AGEs in the renal glomerulus in diabetes mellitus.
Objective: This study aims to assess the impact of karamunting on blood glucose profile,

HbA Ic, insulin profile and kidney condition (AGEs expression, TNF-o and kidney histology) in
diabetic rats. Methods: The karamunting extraction process was carried out by maceration with
ethanol. Induction of diabetes mellitus was carried out using streptozotocin. Thirty male rats
(Rattus norvegicus), Wistar strain weighing between 200-250 grams were the subject in this
study. HbAlc, insulin, TNF-a, AGEs levels were evaluated in the kidney tissue. Histological
assessment of the kidney was carried out. Results: Karamunting can improve blood glucose
levels in diabetic rats. This improvement in blood glucose levels causes an improvement in the
level of HbAlc. Administration of karamunting fraction can prevent AGEs deposition in renal
tissue, which in turn will inhibits the inflammation and prevents further damage of kidneys.
Conclusion: Karamunting fraction can improve blood glucose regulation so that it can prevent

further damage and complications of kidney organs in diabetic rats.

Key words: glycated haemoglobin A, insulin, protective agents, oxidative stress, Rhodomyrtus

tomentosa

Stowa kluczowe: hemoglobina glikowana A, insulina, Srodki ochronne, stres oksydacyjny,

Rhodomyrtus tomentosa
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INTRODUCTION

Diabetes mellitus is a clinical condition characterised by systemic impairment of glucose
regulation which leads to accumulation of glucose products in blood and tissues[1]. Glucose that
accumulates in blood and tissues will react with proteins, nucleic acids or lipids to form various
Amadori products which will lead to the formation of advanced glycation end products (AGEs)
[1, 2]. AGEs are protein modification products and lipids that are responsible for the progression
and complications of diabetes mellitus. The kidneys are vital organs that play a role in the
filtration of blood, electrolytes and plasma. As a filtration organ, kidneys are the organs most at
risk of becoming a buildup of AGEs products [2, 3]. Accumulation of AGEs products on the
renal filtration tissues, the glomerulus, causes activation of the inflammatory cascade. Activation
of the inflammatory cascade is responsible for the activation of death receptors from cells which
will lead to cell death [3]. A consequence of cell death in the glomerulus and tubule is the
decrease of blood filtration function. This condition causes chronic kidney failure. Kidney failure
is one of the most common complications experienced by people with diabetes mellitus [3, 4],
causing the dependence on hemodialysis. Limited hemodialysis facilities cause severe morbidity
and mortality, in addition to increasing healthcare cost for patient and state. Therefore, it is
essential and urgent to explore new therapeutic modes to prevent severe complications of

diabetes mellitus in renal organs due to accumulation of AGEs and chronic inflammation.

Indonesia is a country with the second-largest vegetation wealth in the world. This is an
opportunity to develop potential new therapeutic modalities. Karamunting (Rhodomyr(us
tomentosa) is one of Indonesia's native plants from the Bangka Belitung archipelago. This plant
is a type of shrub with high antioxidant content. Antioxidants are compounds with potential to
suppress oxidative stress activity in cells. In contrast, the accumulation of AGEs in cells and
tissues plays a role in the initiation of oxidative stress in cells and tissues [5]. Oxidative stress
inhibition causes the inhibition of the inflammatory cascade and inhibition of cell and tissue
death and damage.

This study is the first research that seeks to explore the role of the karamunting fraction in
protecting against kidney damage due to the formation of AGEs in the renal glomerulus in

diabetes mellitus. This study will assess the role of karamunting on blood glucose profile,



glycated haemoglobin (HbA 1c), insulin profile and kidney condition with a focus on the
expression of AGEs, TNF-a and kidney histology.

MATERIAL AND METHODS
Animal model

A total of thirty male rats (Rattus norvegicus), Wistar strain were obtained from the Eureka
Research Laboratory (Palembang, Indonesia) weighing between 200250 grams. Animals were
kept in cages under controlled conditions of 12 hours of the light-dark cycle, at a temperature of
22+1°C and humidity 40-60% and given food ad libitum. The research treatments and
procedures have received approval from the medical research ethics committee of the Faculty of

Medicine, Universitas Sriwijaya (No. 254/kptfkunsri-rsmh/2020).

Karamunting fractionation preparation

Karamunting simplicia was obtained from the Tawangmangu Herbal Research Center,
Karanganyar, Indonesia. The karamunting extraction process was carried out by maceration in
which 500 grams of simplicia were macerated with 96% ethanol for 72 hours. Furthermore, a
proportion between the dregs and macerate was carried out. Maceration continued with the
fractionation process with n-hexane, ethyl acetate and water solvents, to obtain the n-hexane
fraction (FH), ethyl acetate fraction (FE) and water fraction (FA) from karamunting.

Karamunting water fraction is a fraction that has been tested and explored more intensively.

Induction of diabetes mellitus

Induction of diabetes mellitus was carried out using streptozotocin (STZ) compounds (Sigma
Aldrich, Singapore). A total of 55 mg/kg BW solution of STZ in citrate buffer (0.1 M, pH 4.5)
was injected intraperitoneally in overnight fasted rats [6]. Non-diabetic controls were injected

with citrate buffer (0.1 M, pH 4.5). After seven days of STZ induction, fasting blood glucose
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levels were measured with a spectrophotometer (Biorad, Singapore). Rats with a blood glucose

concentration higher than 200 g/dl were categorised as diabetic rats.

Chronic treatment with karamunting fraction

The rats were divided into six groups, namely: group 1: non-diabetic white rats, group 2:
streptozocin-induced diabetes mellitus rats without treatment, group 3-6 rats with induced
diabetes mellitus given glibenclamide 5 mg/kg BW (Dexamedica, Palembang, Indonesia) [7].
Karamunting fraction was administered at a dose of 10 mg/kg BW; 20 mg/kg BW and 40 mg/kg

BW. Glibenclamide and fractions were given for 30 days.

Blood sample collection

A blood sample was taken from the orbital vein on the first day after overnight fasting. After 30
days of administration with standard drugs or karamunting fraction, the rats that fasted overnight
were sacrificed, and blood samples were taken for biochemical examination. HbAlc was
measured in blood samples that had been collected in the EDTA tube with the rat HbA1c assay
kit. Insulin was measured from blood samples using an ELISA Insulin rating (Cloud Clone,
Hangzhou, China). Blood glucose measurement was carried out with a spectrophotometer
(Biorad, Singapore). Before being stored at —20°C, the blood samples in the EDTA tube were
centrifuged (Biorad, Singapore) at a speed of 5000 rpm at 25°C, for 10 minutes. The supernatant

was collected and stored to be used as a sample for biochemical testing.

Evacuation of experimental animal's kidney

Before organ evacuation, the Wistar rat was anaesthetized by injecting 10% chloral hydrate (3.5
ml/kg BW). Furthermore, the operation was performed on the flank area with an incision of
about 5 centimetres to obtain the kidney. Next, the kidneys are evacuated and divided, where
some are put into ice-packed containers, and some into boxes filled with 10% NBF liquid
(normal buffer formalin). The kidneys that were put into the ice-packed containers were

homogenized and centrifuged at a speed of 5000 rpm, for 30 minutes at 4°C. The supernatant was



then taken and stored in a centrifuge tube at —20°C, to check the levels of TNF-a and AGFs.
Parts of kidneys that had been placed in 10% NBF solution were prepared for histopathological

examination.

ELISA (Enzyme-Linked Immunosorbent Assay): HbAlc, insulin, TNF-a, AGEs

Rat ELISA HbAlc was used to asses HbAlc, msulin, TNF-a, AGEs levels in the kidney tissue.
Insulin, TNF-0, AGEs (Cloud Clone, Hangzhou, China) were based on the protocol contained in
the manufacturer's protocols (sensitivity of ELISA kit 92%). Briefly, 50 ul of standard diluent or
serum samples were added to the well and incubated at 37°C for 30 minutes. After the plates
were washed, 100 pl of the biotinylated antibody solution was added and set for 30 minutes at
37°C. After washing three times, 50 ul avidin-peroxidase complex solution was added and
incubated for 15 minutes at 37°C. After washing, 50 ul of tetramethylbenzidine colour solution
was added and set in the dark for 15 minutes at 37°C. Finally, 50 ul stop solution was added to
stop the reaction, and the optical density (OD) was measured using an ELISA reader (Biorad,
Singapore) at the wavelength of 450 nm. By analysing the standard curve of the standard of each

examination protein, the levels of HbAl¢, insulin, TNF-a and AGEs were obtained.

PAS (Periodic acid-Schiff) histological examination staining

Kidney tissue that was fixed with 10% NBF was dehydrated using graded alcohol and xylene,
then paraffinised and cut to a thickness of 5 um, using a rotary microtome (Leica, Illinois, USA).
The results of the cut were then placed on a glass object, added to the Shiff's reagent, left for 5-7
minutes and then stained with Mayer's Hemalaum solution for 3 minutes. Subsequently, wash,
dehydration, clearing in xylene and mount with mounting media were carried out.
Histopathological changes in synovial tissue were analysed under a microscope (Olympus,
Tokyo, Japan).

Phytochemical test

Test for phenols



The test was performed by the method of Sofowora [8]. 2 ml extract was taken in a beaker glass.
Then, 2 ml of ferric chloride solution was added. A deep bluish-green solution indicated the

presence of phenols.
Test for terpenoids

Salkowski test was performed by using the method of Edeoga et al. [9]. 5 ml of aqueous extract
was mixed with 2 ml of chloroform. Then, 3 ml of concentrated sulfuric acid was poured to form

a layer. A reddish-brown colouration of interface indicated the presence of terpenoids.
Test for saponins

The test was performed using the method of Edeoga et al. [9]. 2 g of the powdered sample was
boiled in 20 ml of distilled water in a water bath and filtered the solution. Then, 10 ml of filtrate
was mixed with 5 ml of distilled water and shaken vigorously for a stable, persistent foam. The
foam was mixed with three drops of olive oil and shaken vigorously, which led to the formation

of the emulsion, which indicated the presence of saponins.
Test for flavonoids

The test was performed with the method of Harborne [10]. 1 g of powdered sample was heated
with 10 ml ethyl acetate over a steam bath (40-50°C) for 5 minutes. The filtrate was treated with

1 ml od diluted ammonia. A yellow colouration demonstrated positive test for flavonoids.
Test for alkaloids

The test was performed by using the method of Harborne [10]. 1 g powdered sample was
extracted with 5 ml of methanol and 5 ml of 2N hydrochloric acid. Then the filtrate was tested

with Meyer's and Wagner's reagents. The samples were scored positive, based on turbidity.
Statistical analysis

All data was presented as mean + standard deviation, and all statistical analysis was performed
with the SPSS 25 (IBM, Jakarta, Indonesia) software. One way ANOVA followed by post hoc
analysis, was carried out, to assess the difference in mean expression levels of each protein.

p<0.05 indicated that there was a significant difference in mean levels.



RESULTS

Table 1 shows the potential for Karamunting fraction on glucose regulation in Wistar rats.
Karamunting extract was able to improve blood glucose levels in rats. This improvement in
blood glucose levels causes an improvement in the level of glycosylated haemoglobin (HbAIc).
Karamunting fraction has shown the increase of insulin secretion from the pancreas, which is

believed to improve blood glucose regulation.

Table 2 provides an overview of the potential for karamunting fraction in inhibiting
complications of kidney problems in people with diabetes mellitus. The karamunting fraction can
improve the directional glucose regulation so that there is an inhibition of AGEs deposition in
the renal tissue. It can inhibit inflammation and the inflammatory cascade played by TNF-a

€Xpression.

Figure 1 is a histopathological picture, as well as cross-check of the results of biochemical and
molecular markers on the cellular image. Figure 1 shows that administration of karamunting
fraction can prevent AGEs deposition in renal tissue, which in turn will inhibit inflammation and

prevent further damage to the kidneys.

Table 3 shows that each karamunting water fraction is rich in flavonoids with very high
antioxidant potential. Flavonoids are the primary and secondary metabolites believed to play a

role in inhibiting inflammation and oxidants due to the accumulation of AGEs.

DISCUSSION

Karamunting water fraction is a part of further exploration carried out to isolate the presence of
polar compounds in the karamunting extract. The karamunting water fraction shows that the
flavonoid content is relatively high and is believed to be the primary ad secondary metabolite
that plays a role in improving glucose regulation and inhibition of AGEs deposition in kidney

tissue. Karamunting is rich in flavonoids with antioxidant potential.

Diabetes mellitus is a clinical disorder with severe oxidative stress due to chronic stress
conditions on cells [1, 5]. Excess glucose intake will lead to overproduction of insulin in

pancreatic B cells. Pancreatic B cells will be stimulated to quick production of large amounts of
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mnsulin. This condition causes a lot of misfolded insulin protein which will lead to the
accumulation of misfolded insulin protein in the endoplasmic reticulum. This condition causes
cell stress which leads to a cascade of oxidative stress [7, 11]. Oxidative stress on pancreatic B
cells will cause the activation of the inflammatory cascade, which will lead to the activation of
death receptors and cause the death of pancreatic B cells [12-13]. This condition will lead to
insulin deficiency which will worsen glucose regulation [14-16]. The absence of insulin will
cause the accumulation of glucose outside the cells in blood vessels and tissues [17-19]. This
condition causes a systemic glycosylation process in all organs, especially in kidneys as a blood
filtrating organ. This glycosylation process causes the accumulation of AGEs products, which

are the reaction products between glucose and proteins, lipids and nucleic acids [18-20].

The accumulation of AGEs in the kidney, especially in the glomerulus, causes the activation of
an inflammatory transcription factor that will trigger the activation of the proinflammatory
cytokine, TNF-a. [21-24]. Activation of inflammation in kidneys leads to kidney damage [25-
27]. This damage caunses decrease the function of kidneys and a role as a filtration organ [28].
Karamunting acts as an antioxidant that will be able to improve oxidative stress conditions in
diabetes mellitus [29, 30]. This study proves the ability of karamunting to enhance the regulation
of blood glucose, mnsulin and HbAlc. Good glucose regulation ability will reduce the production
of AGEs which will cause the inhibition of AGEs accumulation in tissue [18, 19]. The decrease
in AGEs will cause a reduction in the production of proinflammatory cytokines which will lead

to repair of damage and deterioration of cell function.

CONCLUSION

Karamunting fraction can improve blood glucose regulation so that it can prevent further damage

and complications of kidney organs in the condition of diabetes mellitus in rat.
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Table 1.

Effect of karamunting extract on glucose regulation

Fasting blood glucose HbAlc [ug/mi]
Groups [mg/di]

Day 1 Day 30 Day 1 Day 30
1 89.9+6.87 87.8+5.37 39:0:17 .. 3.8:027
2 389.9+26.7 399.9+28.27 | 12.8+0.82 12.9+0.65
3 1 18131127 | 12.540.76- 7.810.23"
4 38224211 299.2+24 57* | 12.3+0.43 10.140.95"
3 3 197.3£16.47" | 1294068 7.9+0.44"
6 38434232  169.9+10.22" | 12.6+0.77 6.9+0.33"

1

383.2427.9

7

386.6+26.5

i

Insulin [IU/ml]

Day 1 Day 30
188.2+15.3  188.1+16.65
2 32.9+0.13
32.8+0.11 123.1+10.12°
32.4+0.21 87.8+4.65°
32.320.12 124.3+10.12°
3214022 132.9+11.22°
323023

*ANOVA, post hoc Bonferroni, p<0,05 vs group 2
group 1: non-diabetic rat

group 2: streptozocin-induced diabetes without treatment

group 3: streptozocin-induced diabetes with glibenclamide treatment (5 mg/kg BW)

group 4: streptozocin-induced diabetes rats with karamunting fraction (10 mg/kg BW)

group 5: streptozocin-induced diabetes rats with karamunting fraction (20 mg/kg BW)

group 6: streptozocin-induced diabetes rats with karamunting fraction (40 mg/kg BW)
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Table 2.

Effect of karamunting extract on AGEs and TNF-a

Groups AGEs [pg/ml] TNF-a [pg/ml]
1 17.7+137 - 89.9+7.76

2 989.9+58.74 1221.4+87.65
3 198.3+16.23" 453.6+£32.23"
4 249.6+21.27 567.8+43.15"
5 19331557 447.2+40.41°

6 169.9+13.92° 398.8+34.93

*ANOVA, post hoc Bonferroni, p<0,05 vs group 2

group 1: non-diabetic rat

group 2: streptozocin-induced diabetes without treatment

group 3: streptozocm-induced diabetes with glibenclamide treatment (5 mg/kg BW)

group 4: streptozocin-induced diabetes rats with karamunting fraction (10 mg/kg BW)

group 5: streptozocin-induced diabetes rats with karamunting fraction (20 mg/kg BW)

group 6: streptozocin-induced diabetes rats with karamunting fraction (40 mg/kg BW)



Table 3.
Phytochemical test of karamunting fraction

Test material saponin alkaloid triterpenoid steroid flavonoid
Karamunting | + + i % .

fraction |



Figure 1. ewmar|

Histological overview of kidney tissue. PAS Staining. A: group 1, B: group 2, C: group 3, D:
group 4, E: group 5, F: group 6. Glycogen deposition (double arrows), Bowman's capsule

(double arrowheads), Bowman's space (arrowhead), mesangial area (arrow). 400 x magnification
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Summary

Intreduction: Karamunting (Rhodomyrius tomemntosa) is Indonesian mative plant that contains high anti-
oxidant compounds with the potential fo suppress oxidative stress activity in cells. This study is the first
research to specifically explore the role of the karammmnting fraction in protecting kidney damage due to the
formation of AGEs in the renal glomerulus in diabetes mellitws.

Objective: This study aims to assess the impact of karamumting on blood gluoese profile, HbAlc, insulin
profile and kidoey condition (AGEs expression, TNF-o and Kidney histology) in diabetic rats.

Methods: The karamunting extraction process was carried out by maceration with ethanol. Induction of
digbetes was carried out using streptozotocin, Thirty male rats (Rattus norvegicus), Wistar strain
weighing between 200-250 grams were the subject in this study. HbAlc, insnlin, TNF-o, AGEs levels were
evaluated in the kidney tissne. Histological assessmenit of the kidney was carried ont.

Results: can improve blooed glucose levels in diabetic rats. This improvement in blood glucose
levels canses an improvement in the Jevel of HbAlc, Administration of karamunifing fraction can prevent
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AGEs deposition in renal tissue, which in turn will inhibits the inflammation and prevents further damage

of Kidneys.

Conclusion: Karamunting fraction can improve blood glucose regulation so that it can prevent further
damage and complications of kidney organs in disbetic rats.

Key words: glycated haemoglobin A, insulin, profective agents, oxidative stress, Rhodomyrius

fomentosa

Stowa Kinczowe: hemoglobina glikewana A, insulina, érodld ochronne, stres oksydacyjny, Rhodo-

myyrius tomentosa

INTRODUCTION

Diabetes mellitus is a dinical condition character-
ised by systemic impairment of glucese regulation
which leads to accnmulation of glucese products in
blood and tissues[1]. Glucose that accumnulates in
blood and tissues will react with proteins, mndeic
acids or lipids to form various Amadori products
which will lead to the formation of advanced glyca-
tGon end products (AGEs) [1, 2]. AGEs are protein
meodification products and lipids that are responsi-
ble for the progression and complications of diabetes
mellitus. The kidneys are vital organs that play a role
in the filraion of blood, electrolytes and plasma.
As a filtration organ, kidneys are the organs most at
tisk of becoming a buildup of AGEs products [2, 3].
Accumnulation of AGEs products on the renal filtra-
txon nssues, the glomﬂmlus CABSES acnvauﬂn of the
atory cascade. Activation of the inflamma.
ttmy msnade is responsible for the activation ofdca;th
receptors from cells whidh will lead to cell death [3].
A consequence of cell death in the glﬂmemhs and
tnbule is the decrease of blood filiration fimction.
‘This condition canses chronic fkl&ney failnure. Kldney
faflure is one of the most commen con it
experienced by people thh ﬁmbetes mellitus 13 4],
causing the dependence on hemodialysis. Limited
hemodialysis faﬂm cause severe morbidity and
mortality, in addition to increasing healthcare cost for
patient and state. "Therefore, it Is essential and urgent
to explore new therapeutic modes to prevent severe
complications of diabetes mellitns in renal organs due
to accummlation of AGEs and chronic inflammation.
Indonesia is 2 country with the second-largest
vegetation wealth in the world. This is an opporin-
mity to develop potential new therapentic modalitie
Kammnmmg (Rhodomyrtus tomesntosa) is one of }n—
donesia’s native plants from the Bangka Belitung ar-
chipelago. This plant is a type of shrub with high an-
tioxidamt Antioxidamts are compounds with
potential to suppress oxidative stress activity in cells.

In the accumulation of AGEs in cells and tis-
sues plays a role in the initistion of exidative stress in
cells and tissues [5]. Oxidative stress inhibition canses
the inhibition of the inflammatory cascade and inhi-
bition of cell and tissue death and damage.

This study is the first research that seeks to ex-
plore the role of the karamunting fraction in pro-
tecting against kidney damage due to the formation
of AGEs in the renal glomerulus in diabetes melli-
tus. This study will assess the role of karamunting
on blood ghuicose profile, glycated haemoglobin
(HbAIc), insulin profile and kidney condition with
a focus on the expression of AGEs, TNF-a and kid-
ney histology.

AL AND METHODS
Animal model

A total of thirty male rats (Rattus norvegicus), Wistar
strain were obtzined from the Eurcka Research Lab-
oratory (Palembang, Indonesia) weighing between
200-250 grams. Animals were kept in cages under
conditions of 12 hours of the light-dark
cycle, at a temperature of 22+1°C and humidity
40-60% and given food ad hbitum. The research
treatments and procedures have received approval
from the medical research ethics committee of the
Faculty of Medicine, Universitas Sriwijaya (No. 254/
kpttkmnsri-rsmh/2020).

Karamunting fractionation preparation

simplicia was obtained from the Ta-
yaz, Indonesia. The karammnting extraction process
was carried out by maceration in which 500 grams
of simplicia were macerated with 96% ethanol for
72 hours. Furthermore, a proportion between the

Covveghes-
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dregs and macerate was camied ouf. Maceration
continued with the fractionation process with n-
hexane, ethyl acetate and water solvents, to obtain
the n-hexane fraction (FH), ethyl acetate fmctton
{FE) and water fraction (FA) from karam
Karamunting water fraction is a fraction *thai has
been tested and explored more intensively.

Induction of diabetes mellitus

Induction of diabetes mellitus was carried out us-
ing streptozotocin (STZ) compounds (Sigma Al-
drich, Singapore). A total of 55 mg/kg BW solution
of STZ in citrate buffer (0.1 M, pH 45) was injected
intraperitoneally in overnight fasted rats [6]. Non-
diabetic controls were injected with citrate buffer
(0.1 M, pH 43). After seven days of STZ induciion,
fasting blood glucose levels were measured with
a spectrophotometer (Biorad, Singapore). Rats with
a blood glucese concentration higher than 200 g/dl
were categorised as diabetic rats.

Chronic treatment with karamunting fraction

"The rats were divided into six groups, namely: group
1: mon~diabetic white rats, group 2: streptozocin-
indoced diabetes rats without
group 3-6 rats with induced diabetes mellitus given
glibenclamide 5 mg/kg BW (Dexamedica, Palem-
bang, Indonesia) [7]. fraction was
administered at a dose of 10 mgficg BW; 20 mg/kg
BW and 40 mg/kg BW. and fractions
were given fior 30 days.

Blood sample collection

A blood sample was taken from the orbital vein on
ithe first day after overnight fasting. After 30 days of
administration with standard drugs or
fraction, the rats that fasted overnight were sacri-
ficed, and blood samples were taken for biechemica
examination. HbAlc was measured in blood samples
that had been collected in the EDTA twbe with the rat
HbAlc assay kit. was measured from blood
samples using an ELISA Insulin rating {Clond Clone,
Hangzhou, China). Blood gluceose measnrement
was carried out with a spectrophotometer (Biorad,
Singapore). Before being stored at —20°C, the blood
samples in the EDTA tube were centrifuged {(Bio-
rad, Singapore) at a speed of 5000 rpm at 25°C, for

10 minutes. The supernatant was collected and sfored
to be used as a sample for biochemical testing.

Evacnation of experimental animal’s kidney

Before organ evacuation, the Wistar rat was amaes-
thetized by injecting 10% chloral hydrate (3.5 ml/kg
BW). Furthermore, the operation was performed on
the flank area with an incision of 2beut 5 centimetres
to obtain the kidney. Next, the kidneys are evacuat-
ed and divided, where some are put into ice-packed
conlainers, and some into boxes filled with 10% NBF
liquid {(mormal buffer formalin). The kidneys that
were put intoe the ice-packed containers were homog-
emized centrifuged at a speed of 5000 gpm, for
30 minutes at 4°C. The supernatant was then taken
and stored in a centrifuge tube at —20°C, to check the
levels of TNF-o and AGEs. Parts of kidneys that had
been placed in 10% NBF sclution were prepared for
histopathological examination.

E.ISA ; Emym. ] -!nk' -ﬁl Immuanoso: .uﬂl Aﬁ—
say): HbAlc, insulin, TNF-a, AGEs

Rat ELISA HbAlc was wsed to asses HbAle, insn-
lin, TNF-@, AGEs levels in the kidney tissue. Insulin,
TNF-o, AGEs (Cloud Clone, Hangzhon, China) were
based on the protocol contained in the manufacturer’s
protocols (sensitivity of ELISA kit 92%). Briefly, 50 pl
of standard diluent or sernm samples were 1o
the well and incubated at 37°C for 30 minutes. Af-
ter the plates were washed, 100 yl of the biotinylated
antibody sclution was added and set for 30 minutes
at 37°C. After washing three times, 50 ul avidin-per-
oxidase complex solution was added and incubated
for 15 minutes at 37"C. After washing, 50 yd of tetra-
methylbenzidine colour solution was added and set
in the dark for 15 minutes at 37" C. Finally, 50 ul stop
solution was added to stop the reaction, and the opti-
cal density (OD) was measured using an ELISA read-
er (Biorad, Singapore) at the wavelength of 450 mm.
By analysing the standard curve of the standard of
each examination protein, the levels of HbA1c, insu-
lim, TNF-ot and AGEs were obtained.

PAS (Periodic acid-Schiff) histological exami-
sation skaiod

Kidney tissue that was fixed with 10% NBF was
dehydrated using graded alocohol and xylene, then

sl yeolons
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paraffinised and cut to a thickness of 5 um, nsing
A rotary microtome (Leica, llinois, TSA). The pe-

then stained with Mayer's Hemalaum sohution for
3 minutes. Subsequently, wash, dehydration, dear-
ing in xylene and mount with mounting media were
carried out. Histopathological changes in synovial
tissue were analysed under 2 Imicroscope (Olymypas,
Tokyo, Japan).

Test for phenols

The test was performed by the method of Sofowora
[8]- 2 ml extract was in a beaker glass. Then
2 ml of ferric chioride solution was added. A deep
bluish-green solution indicated the presence of phe-
nols.

Test for terpenoids

Salkowski test was performed by using the method
of Edeoga et al [9L. 5 m] of agueous extract was
mixed with 2 m] of chloroform. Then, 3 ml of con-
centrated sulfuric acid was poured to form a layer.
A reddish-brown colouration of interface indicated
the presence of terpenoids,

Test for saponins

The test was performed using the method of Edeoga
etal. [9]. 2 g of the powdered sample was boiled in
20 ml of distilled water in 2 water bath and filtered
the solution. Then, 10 ml of filtrate was mixed with
5 ml of distilled water and shaken vigorously for
a stable, persistent foam. The foam was mixed with
three drops of olive ol and shaken vigorously, which
led to the formation of the emulsion, which indicat-
ed the presence of saponins,

Test for flavonoids

The test was performed with the method of Har-
borne [10]. 1 g of powdered sample was heated with
10 ml ethyl acetate over a steam bath {40-50°C) for
> minutes. The filirate was treated with 1 ml od di-
Tuted A yellow colouration demonstrated
Ppositive test for flavonoids.

I

NI Saleh, R _@@mﬁ-ﬁbﬁ@@@ CamrecHd

Test for alkaloids

The test was performed by using the method of Har-
borme [10]. 1 gpowdered sample was extracted with
5 ml of methanol and 5 m] of 2N hydrochloric acid.
Then the filtrate was tested with Meyer’s and Wag-
ners reagents. The samples were scored positive,
based on turbidity.

All data was Ppresented as mean + standard deyia-
tion, and all statistical amalysis was performed with
the SPSS 25 (IBM, Jakarta, Indonesia) software. One
way ANOVA followed by post hoc amallysis, was car-
ried out, to assess the difference in mean eXpression
levels of each protein. p<0.05 indicated that there
was a significant difference in mean levels,

Ethical approval: The conducted research is mot re-
lated to either human or animal use.

Table 1 shows the potential for Karamunting fraction
on glecose regulation in Wistar rats. Karamunting ex-
tract was able to improve blood glacose levels in rats,
Improvement in blood glucase levels causes an
in the level of glycosylated haemoglo-
bin (HbAlg). Karamunting fraction has shown the in-
rease of insulin secretion from the pancreas, which is
believed to improve blood glucose regulation.

Table 2 provides an overview of the potential for
karamunting fraction in mhibiting complications of
kidney problems in people with diabetes mellims,
The karamunting fraction can improve the direc-
tional glucose regulation so that there is an inhibi-
ﬁnnﬂfAGEsdmninfhermalﬁssma. It can
inhibit inflammation and the mflammatory cascade
played by TNFq EXpTession.

Figure 1 isa histopathological picture, as well as
cross-check of the results of] biochemical and molec-
alar markers on the cellular image. Figure 1 shows
that adming stration of g fraction can
prevent AGEs depesition in renal tissue, which in
turn will aﬁonandprwemfuﬂher
damage to the Kidneys.

T%IeSsIm&ihatmchkmammmer fraction
is rich in flavonoids with very high antioxidant poten-
tial. Flavonoids are the primary and secondary metab-
olites believed to play 2 role in inhibiting inflamma-
tion and oxidants due to the accummulation of AGEs,
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Table 1.
Effect of karamunting extract regulation
_ Fasting blood glucese [mg/dl} HbAlc [pghml] Tmsulin [TU/mi]
Day1 Day 30 Day 1 Day 30 Day1 Day30
bt 899687 8783537 394017 384027 188241532 18811665
2 389942671 39994728 27 1284082 12940565 32384011 3294013
3 382.2+21.13 181.3+3127% 1254076 7.8+023* 324+0.21 123.1+10.12*
4 384352321 299252457 12.3+043 10.1x0.95* 3234002 B7.8+465*
5 383242797 197321647 1294068 T7ox0.44" 320477 124310027
© 380.642657 169923022+ 1264077 ©940.33* 3234023 1329431.22
*ANOVA, post hoc Benderrond, p<0/05 »s gronp % group I: non-Giabetic Tat; gronp 2: strepiozocn-induced diabetes without treatment; group 3:
streplozocin-induced dishetes with glibenclamide treatment (5 mg/lgr BW); group 4: streptozecin-induced didbetes rats with karsmunting fraction
(10 myg/kg BW); group 5: streptozocin-induced diabetes rats with karamunting fraction (20 mg/kg BW); group & streptozocin-induced diabetes rats
with karamunting fraction {40 mg/keg BW);
"Eable 2.
munting exitact on AGEs and TINF-a
Groups AGEs [p/ml] TNF-a [pg/ail]
1 1774137 BH8£TT6
3 198 3+16.23* 4536432.23"
4 249 6421 27% S567.8443.15*
5 193341557 447 20 AT
6 169.9213.92% 398.8£34.93%

*ANOVA, post hoc Bonferroni, p<0/05 »s group % group I- non-didbetic 1at; group 2: ireptozocin-indnced disbetes withoit treatment; group 3-
streptozocin-induced diabetes with glibenclamide treatment (5 mg/kg BW); group 4: streptozocin-indnced diabetes vats with keramunting fraction
(10 mng/kg BW s group 5: streptozocin-induced diabetes rats with karamunting fraction {20 me ke BW); group : streptozocin-induced dizbetes rats
with karamunting fraction (40 magfke BW)

WW@?WMP&SM& 1, B: group 2, C: group 3, D: group 4, E:

gmmpS F: group 6. Glycogen

position \(ﬂmﬂﬂfm,) Bmcmpmnk((m on kazr:r@whm&s}, Bowman's
space (arrowhead), mmamgniama {(arrow). 400 x magnification

vt poloniea
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Table 3.
Phytochemical test of karamunting fraction
Y ;“estmaimal_ _ sapomin e i].kilm& triterpenoid steroid flavonoeid
I(argfmr.:tmn_ + pn e A i

Notes: +++= High; ++= Moderately; += Trace _ l/
DISCUSSION

Karamunting water fraction is a part of further ex-
ploration carried out to isolate the presence of polar
compounds in the karamunting extract. The kara-
munting water fraction shows that the flavencid
content is relatively high and is believed to be the
primary ad secondary metabolite that plays a role
in improving glucese regulation and inhibition of
AGEs deposition in kidney tissue. Karamunting is
rich in flavonoids with antioxidant potential.

Diabetes mellitus is a clinical disorder with severe
oxidative stress due to chronic stress conditions on
cells [1, 5]. Excess glucose intake will lead to over-
production of insulin in pancreatic B cells. Pancre-
atic B cells will be stimulated to quick production
of large amounts of insulin. This condition causes
a lot of misfolded insulin protein which will lead to
the accumulation of misfolded insulin protein in the
endoplasmic reticulum. This condition causes cell
stress which leads to a cascade of oxidative stress [7,
11]. Oxidative stress on pancreatic B cells will canse
the activation of the inflammatory cascade, which
will lead to the activation of death receptors and
cause the death of pancreatic B cells [12-13]. This
condition will lead to insulin deficiency which will
worsen glucose regulation [14-16]. The absence of
insulin will cause the acocumulation of glucose out-
side the cells in blood vessels and tissnes [17-19].
This condition causes a systemic glycosylation pro-
cess in all organs, especially in kidneys as a bloed
filtrating organ. This glycosylation process causes
the accunmlation of AGEs products, which are the
reaction products between glucose and proteins, ip-
ids and mudleic acids [18-20].

The accumulation of AGEs in the kidney, es-
pecially in the glomerulns, causes the activation
of an inflammatory transcription factor that will
trigger the activation of the proinflammatory cy-
tokine, TNF-a [21-24]. Activation of inflammation
in kidneys leads to kidney damage [25-27]. This
damage causes decrease the function of
and a role as a organ [28]. Karamunting
acts as an antioxidant that will be able to improve
oxidative stress conditions in diabetes mellitus | r[29

30]. This study proves the ability of karamm

to enhance the regulation of blood glhicose, insulin
and HbAlc. Good glucose regulation ability will
rednce the production of AGEs which will cause
the inhibition of AGEs accumulation in tissue [18,
19]. The decrease in AGEs will canse a reduction
in the production of proinflammatory cytokines
which will lead to repair of damage and deteriora-
tion of cell function.

CONCLUSION

Karamunting fraction can improve blood glacoese
regulation so that it can prevent further damage and
complications of kidney organs in the condition of
diabetes mellitus in rat.

Conflict of interest: Authors dedare no conflict of
interest.

1L Singh R, Barden A, Mori T, Beilin L. Advanced
glycation end-products: 2 wveview. Diabe-
tologia 2001; 44(2):129-146. doi: hittp:/jdx.doi.
org/ 10.1007/5601250051591

bt

Ahmed N, Babaci-Jadidi R, Howell 5, Thornalley

B, Beisswenger P. Glycated and oxidized protein
degradation products are indicaters of fasting
and postprandial hyperglycemia in diabetes. Dia-
betes Care 2005; 28(10):2465-2471. doi: hitp://
dx.doi.org/10.2337/diacare 28.10 2465

3. Freedman BI, Woerth J®, Cartwright K. Bain RE
Dippe S, Hershon K, et al Design and baseline
characteristics for the amin pgTamidin dimg:alm
al in overt type 2 diabetic nﬁphmpaﬂ:ry (ACTION
IT). Control Chin Trials 1999; 20(5):493-510. dok:
hittp://dx doierg/19.1016/s0197-2456(99)00024-0

4 Alam S, Ahsan A, Alam S. Newer insights in
dmags formation and accomulation
of advanced glycation end products. | Biochem
Tech 2013; 5:666-672.

(‘t;rea&cfg- :



Potenitial of karamunting (Rhodomyirius tomentosa) fraction against kidney damage in diabatic raits

16.

11.

7of8

Vo TS, Ngo DH. The health beneficial properties
of Riodomyrtus tomentesa as potential function-
2l food. Biom 2019; 9(2):76. doi: hitp://dx.doi
org/10.3390/biom9020076

Ighodare OM, Akinloye OA. Anti-diabetic poten-
tial of Sapium ellipticum (Hochst) pax leaf extract
in streptozodn (STZ)-induced Wiistar
rats. BMIC Comp Altern Med 2017; 17:525-529.
dot: http://dx doi.org/10.1186/s12906-017-2013-8

Cheng D, Liang B, Li Y. Antihyperghycemic effect
of Ginkgo biloba extract in streptozocin-imduced
diabetes in rats. Biomed Res Int 2013; 162724
doi: hitps://doi.org/10.1155/2013/162724

Sofowora A. Screening plants for biactive agents.
Im: Medicinal plants and traditional medicinal in
Affrica. 24 ed. Thadan 1993:134-156. Publisher: Spectrum

Books

Edeoga HO, Okwn DE, Mbaebie BO. Phyto-
chemical constituents of some Nigerian me-
dicinal plants. Afr J Biotechnol 2005; 4(7):685-
688.  https//academicjournals.org/article/arti-
cle1380041845 Edeoga%20et%20al pdf

Harborne JB. Phytochemical methods — A guide
to modern fechmiques of plant analysis. 2 ed.

New Delhi 2005. Publisher: Springer Science & Business Media

v
Zhao Z, W L, Xie |, Feng Y, Tian |, He X, 1i B,
et al Rhodemyrius tomentosa (Afton.). a review
of phytochemistry, pharmacology and industrial
application research progress. Food 20205
309:125715. dok:  http://dx.doiorg/10.1016/5.
fooddhem 2019.125715

12. Wu P, Ma G, 1i N, Deng Q, Yin Y, Huang R. In-~

13,

vestigation of in vitre and in vive antioxidant
activities of flavonoid rich extract from the ber-
ries of Rhodomyrtus tomentosa (Aif.) hassk Food
Chem 2015 173:194-202. dok hitp://dwdoei
org/10.1016/j foodchem 2014.10.023

Johnson M. Biochemical varjation smdies in
Aegle marmelps L. Cors: 2 medicinally tmportant
plant. J Chem Pharm Res 2010; 2(6)-454-462.

14. Patel PK, Sahu J, Sahu L, Prajapati NK, Dubey

BK. Aegle marmelos: A review on its medicinal
properfies. Int | Pharm Phytopharmaco]l Res
2012; 1(5):332-341.

y N, Prince PSM. Hypogh

* et of estir exfack o fegle mmessncos foui

in streptozotocin diabetic rats. | Ethnopharma-
col 2003; 87(2-3)207-210. doi: hitp:/dx.doi.
org/10.1016/50378-8741(03)00148-x

16. Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DE, Torner RC. Homeostasis model
tion from fasting plasma glucose and insulin con-
centrations in man. Diebetologia 1985; 28:412-
419. doi: hittp://dx.doi.org/10.1007/BE00280883

17. Hafizmr RM, Kabir N, Chishti . Modulation of
pancreatic B-cells in meonatally streptozotocin
induced type 2 diabetic rats by the ethanolic
extract of Momordica charantia frait pulp. Nat
Prod Res 2011; 25(4): 353-367. doi: http://dx.doi.
org/10.1080/ 1478641 1003766904

[

18. Hafizar RM, Kabir N, Chishti S. Asparagus of-
ficinalis extract controls blood glucose by im-
proving insulin secretion and [B-cell function in
streptozotocin-induced type 2 diabetic rats. Br
J Nutr 2012108 (9):1586-1595. doi: https://doi.
©org/10.1017/500071 1451 1007148

15. Siddiqui BS, Hasan M, Mairaj E Mehmood L,
Hafizur RM, Hameed A, et al. Two new com-
pounds from the aerial parts of Bergenia him-
@laica Boriss and their anti-hyperglycemic effect
in streptozotocin-nicotinamide ndnced diabetic
rats. ] Ethnopharmacel 2014; 152(3):561-567.
doi: hitp://dx doi.org/10.1016/i,jep.2014/02.002

Chishti 8, Kabir N, et al. Cinnamic acid exerts
anti-diabefic activity by improving glucose toler-
ance in vivo and by stimulating insulin secretion
in vitro. Phytomedicine 2015; 22(2):297-300. doi:
hittp://dx doi.org/10.1016/j phymed 2015 01.003

21. Sachdewa A, Raina D, Stivastava AK, Khemani
D, Effect of Aegle marmelos and Hibiscus rosa
sinensis leaf extract on glucose tolerance i glu-
oose induced hyperglycemic rats (Charles foster).
] Environ Biol 2001; 22(1)-53-57.

amatakkanman N, Prince PSM, The effect of
A@e ﬁmm:::las fruit extract in streptozotocin
a histopathological study. ] Herb Phar-
mamothml(}&S;S(S):‘S?@.

23 Esmaeili MA, Zohari F, Sadeghi H. Anfioxi-

t and protective eﬁ:ez:ts of major flavoneids
':'Er Fensorivm polium on beta—cell destrmction

Wol. 67 Ne. 2 2821



Bof8

ML Saleh, R. Hidayat, G. Febriyanio, N. Parisa

in a model of streptozotocin-induced diabetes.
Planta Med 75(13):1418-1420. doi- http://
dx.doiorg/10.1055/5-0029-1185704

K, Morishita H, T, et all. Synthesis of amide
compounds of ferulic acid and their stimulatory
effects on insulin secretion in vitro. Bivorg Med
2003;11(17): 3807-3813. hittp-//dx.doi
01g/10.1016/s0968-0896(03)00280-3

25. Fatima N, Hafizor RM, Hameed A, Ahmed S, Ni-
sar M, Kabir N. Ellagic in Emblica officinalis
exerts anti~diabetic activity through the action on
PB-cells of Fur ] Nutr 2017; 56(2)-591-
601. dot: http://dx doi.org/10.1007/s00394-015-
1103y

26. Papaccio G, Mezzogiorno M. Morphological as-
pect of ghuicagon and somatostatin islet cells in di-
abetic biobreeding and low-dose streptozotodn-
treated Wistar zats. Pancreas 1989:4(3):289-
294 doi: htip://dx.doiorg/10.1097/00006676-
198906000-00003

27. Pons B, Aoki A. Differential proliferation of
tostatin and ghicagon cells in rat pancreatic islets
submitted to different stimuli. Ann Anat 199%;
177(3):221-227. dok: http//dx doi.org/10.1016/
S0940-9602(11)80189-5

28. Vo'TS, Le TT, Kim S, Ngo D. The role of myricetin
trom Rhodormyrius tomentosa (Aiton) hassk fruit
on downregulation of FcERI-mediated mast cell
activation. | Food Biochem 2020; 44(3):e13143.
doi: http://dx.doiorg/10.1111/jfbc. 13143

29. Lai TNH, Andre C, Rogez H, Mignolet E, Nguy-
en TBT, Larondefle Y Nufritional composi-
tion and antioxidant properties of the sim fruit
(Rhodomyrtus tomentosa). Food Chem 2015;
168:410-416. dor hitp://dx.doiorg/10.1016/
fooddhem 2014.07.081

30. Zhang Y, Li W, Jiang L, Yang L, Chen N, Wa Z, et
al. Cytotoxic and anti-inflammatory active phlo-
roghicinol derivatives from Rhodomyritus tomen-
tosa. Phytochem 2018; 153:111-119. doi: http://
dx.doiorg/10.1016/j.phytochem 201805013

WM—P/Q.



Manuscript published

herba polonica - fotskMesik x X8
Anna Patan <anna patan@iwnirzpls & Sab,34ul2021,2002 ¢ &
kepada saya +

¥ Inggris+ > Indonesia v  Terjemahkan pesan Nonaktifkan untuk: Inggris x

Dear Author, your article is on www.herbapelonica.ol

Please find enlosed the copyright. Fill up, do scans and send fo us by
email within 5 days. Sincerely. A. Krajewska-Patan



kerba polonieca
$ sclen d O International journal edited by the Institute of Natural Fibres and Medicinal Plants
National Research Institute

Vol. 67 No. 2 2021

Received: 2020-10-13 DOI: 10.2478/hepo-2021-0010
Accepted: 2021-05-02
Available online: 2021-06-10

EXPERIMENTAL PAPER

Potential of karamunting (Rhodomyrtus
tomentosa) fraction against kidney damage
in diabetic rats (ahead of print)

MGS IRSAN SALEH'®, RACHMAT HIDAYAT?'®, GERI FEBRIYANTO?®, NITA PARISA!

'Department of Pharmacology
Faculty of Medicine
Universitas Sriwijaya
Palembang, Indonesia

*Department of Biology
Faculty of Medicine
Universitas Sriwijaya
Palembang, Indonesia

*Postgraduate Programme
Faculty of Medicine
Universitas Sriwijaya
Palembang, Indonesia

*corresponding author: phone: +62 882 2505 3819, e-mail: dr.rachmat.hidayat@gmail.com

Summary

Introduction: Karamunting (Rhodomyrtus tomentosa) is Indonesian native plant that contains high anti-
oxidant compounds with the potential to suppress oxidative stress activity in cells. This study is the first
research to specifically explore the role of the karamunting fraction in protecting kidney damage due to the
formation of AGEs in the renal glomerulus in diabetes mellitus.

Objective: This study aims to assess the impact of karamunting on blood glucose profile, HbAlc, insulin
profile and kidney condition (AGEs expression, TNF-« and kidney histology) in diabetic rats.

Methods: The karamunting extraction process was carried out by maceration with ethanol. Induction of
diabetes mellitus was carried out using streptozotocin. Thirty male rats (Rattus norvegicus), Wistar strain
weighing between 200-250 grams were the subject in this study. HbAlc, insulin, TNF-a, AGEs levels were
evaluated in the kidney tissue. Histological assessment of the kidney was carried out.

Results: Karamunting can improve blood glucose levels in diabetic rats. This improvement in blood glucose
levels causes an improvement in the level of HbAlc. Administration of karamunting fraction can prevent
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AGE:s deposition in renal tissue, which in turn will inhibits the inflammation and prevents further damage

of kidneys.

Conclusion: Karamunting fraction can improve blood glucose regulation so that it can prevent further
damage and complications of kidney organs in diabetic rats.

Key words: glycated haemoglobin A, insulin, protective agents, oxidative stress, Rhodomyrtus

tomentosa

Stowa kluczowe: hemoglobina glikowana A, insulina, srodki ochronne, stres oksydacyjny, Rhodo-

myrtus tomentosa

INTRODUCTION

Diabetes mellitus is a clinical condition character-
ised by systemic impairment of glucose regulation
which leads to accumulation of glucose products in
blood and tissues[1]. Glucose that accumulates in
blood and tissues will react with proteins, nucleic
acids or lipids to form various Amadori products
which will lead to the formation of advanced glyca-
tion end products (AGEs) [1, 2]. AGEs are protein
modification products and lipids that are responsi-
ble for the progression and complications of diabetes
mellitus. The kidneys are vital organs that play a role
in the filtration of blood, electrolytes and plasma.
As a filtration organ, kidneys are the organs most at
risk of becoming a buildup of AGEs products [2, 3].
Accumulation of AGEs products on the renal filtra-
tion tissues, the glomerulus, causes activation of the
inflammatory cascade. Activation of the inflamma-
tory cascade is responsible for the activation of death
receptors from cells which will lead to cell death [3].
A consequence of cell death in the glomerulus and
tubule is the decrease of blood filtration function.
This condition causes chronic kidney failure. Kidney
failure is one of the most common complications
experienced by people with diabetes mellitus [3, 4],
causing the dependence on hemodialysis. Limited
hemodialysis facilities cause severe morbidity and
mortality, in addition to increasing healthcare cost for
patient and state. Therefore, it is essential and urgent
to explore new therapeutic modes to prevent severe
complications of diabetes mellitus in renal organs due
to accumulation of AGEs and chronic inflammation.

Indonesia is a country with the second-largest
vegetation wealth in the world. This is an opportu-
nity to develop potential new therapeutic modalities.
Karamunting (Rhodomyrtus tomentosa) is one of In-
donesias native plants from the Bangka Belitung ar-
chipelago. This plant is a type of shrub with high an-
tioxidant content. Antioxidants are compounds with
potential to suppress oxidative stress activity in cells.

In contrast, the accumulation of AGEs in cells and tis-
sues plays a role in the initiation of oxidative stress in
cells and tissues [5]. Oxidative stress inhibition causes
the inhibition of the inflammatory cascade and inhi-
bition of cell and tissue death and damage.

This study is the first research that seeks to ex-
plore the role of the karamunting fraction in pro-
tecting against kidney damage due to the formation
of AGEs in the renal glomerulus in diabetes melli-
tus. This study will assess the role of karamunting
on blood glucose profile, glycated haemoglobin
(HbAlc), insulin profile and kidney condition with
a focus on the expression of AGEs, TNF-« and kid-
ney histology.

MATERIAL AND METHODS
Animal model

A total of thirty male rats (Rattus norvegicus), Wistar
strain were obtained from the Eureka Research Lab-
oratory (Palembang, Indonesia) weighing between
200-250 grams. Animals were kept in cages under
controlled conditions of 12 hours of the light-dark
cycle, at a temperature of 22+1°C and humidity
40-60% and given food ad libitum. The research
treatments and procedures have received approval
from the medical research ethics committee of the
Faculty of Medicine, Universitas Sriwijaya (No. 254/
kptfkunsri-rsmh/2020).

Karamunting fractionation preparation

Karamunting simplicia was obtained from the Ta-
wangmangu Herbal Research Center, Karangan-
yar, Indonesia. The karamunting extraction process
was carried out by maceration in which 500 grams
of simplicia were macerated with 96% ethanol for
72 hours. Furthermore, a proportion between the
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dregs and macerate was carried out. Maceration
continued with the fractionation process with n-
hexane, ethyl acetate and water solvents, to obtain
the n-hexane fraction (FH), ethyl acetate fraction
(FE) and water fraction (FA) from karamunting.
Karamunting water fraction is a fraction that has
been tested and explored more intensively.

Induction of diabetes mellitus

Induction of diabetes mellitus was carried out us-
ing streptozotocin (STZ) compounds (Sigma Al-
drich, Singapore). A total of 55 mg/kg BW solution
of STZ in citrate buffer (0.1 M, pH 4.5) was injected
intraperitoneally in overnight fasted rats [6]. Non-
diabetic controls were injected with citrate buffer
(0.1 M, pH 4.5). After seven days of STZ induction,
fasting blood glucose levels were measured with
a spectrophotometer (Biorad, Singapore). Rats with
a blood glucose concentration higher than 200 g/dl
were categorised as diabetic rats.

Chronic treatment with karamunting fraction

The rats were divided into six groups, namely: group
1: non-diabetic white rats, group 2: streptozocin-
induced diabetes mellitus rats without treatment,
group 3-6 rats with induced diabetes mellitus given
glibenclamide 5 mg/kg BW (Dexamedica, Palem-
bang, Indonesia) [7]. Karamunting fraction was
administered at a dose of 10 mg/kg BW; 20 mg/kg
BW and 40 mg/kg BW. Glibenclamide and fractions
were given for 30 days.

Blood sample collection

A blood sample was taken from the orbital vein on
the first day after overnight fasting. After 30 days of
administration with standard drugs or karamunting
fraction, the rats that fasted overnight were sacri-
ficed, and blood samples were taken for biochemical
examination. HbA1c was measured in blood samples
that had been collected in the EDTA tube with the rat
HbAlc assay kit. Insulin was measured from blood
samples using an ELISA Insulin rating (Cloud Clone,
Hangzhou, China). Blood glucose measurement
was carried out with a spectrophotometer (Biorad,
Singapore). Before being stored at —-20°C, the blood
samples in the EDTA tube were centrifuged (Bio-
rad, Singapore) at a speed of 5000 rpm at 25°C, for

10 minutes. The supernatant was collected and stored
to be used as a sample for biochemical testing.

Evacuation of experimental animal’s kidney

Before organ evacuation, the Wistar rat was anaesthe-
tized. Furthermore, the operation was performed on
the flank area with an incision of about 5 centimetres
to obtain the kidney. Next, the kidneys are evacuated
and divided, where some are put into ice-packed con-
tainers, and some into boxes filled with 10% NBF lig-
uid (normal buffer formalin). The kidneys that were
put into the ice-packed containers were homoge-
nized and centrifuged at a speed of 5000 rpm, for
30 minutes at 4°C. The supernatant was then taken
and stored in a centrifuge tube at —-20°C, to check the
levels of TNF-a and AGEs. Parts of kidneys that had
been placed in 10% NBF solution were prepared for
histopathological examination.

ELISA (Enzyme-Linked Immunosorbent As-
say): HbAlc, insulin, TNF-a, AGEs

Rat ELISA HbAlc was used to asses HbAlc, insu-
lin, TNF-a, AGEs levels in the kidney tissue. Insulin,
TNF-a, AGEs (Cloud Clone, Hangzhou, China) were
based on the protocol contained in the manufacturer’s
protocols (sensitivity of ELISA kit 92%). Briefly, 50 ul
of standard diluent or serum samples were added to
the well and incubated at 37°C for 30 minutes. After
the plates were washed, 100 pl of the biotinylated an-
tibody solution was added and set for 30 minutes at
37°C. After washing three times, 50 ul avidin-perox-
idase complex solution was added and incubated for
15 minutes at 37°C. After washing, 50 ul of tetrameth-
ylbenzidine colour solution was added and set in the
dark for 15 minutes at 37°C. Finally, 50 ul stop solu-
tion was added to stop the reaction, and the optical
density (OD) was measured using an ELISA reader
(Biorad, Singapore) at the wavelength of 450 nm. By
analysing the standard curve of the standard of each
examination protein, the levels of HbAlc, insulin,
TNF-a and AGEs were obtained.

PAS (Periodic acid-Schiff) histological exami-
nation staining

Kidney tissue that was fixed with 10% NBF was
dehydrated using graded alcohol and xylene, then
paraffinised and cut to a thickness of 5 ym, using
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a rotary microtome (Leica, Illinois, USA). The re-
sults of the cut were then placed on a glass object,
added to the Shiff’s reagent, left for 5-7 minutes and
then stained with Mayer’s Hemalaum solution for
3 minutes. Subsequently, wash, dehydration, clear-
ing in xylene and mount with mounting media were
carried out. Histopathological changes in synovial
tissue were analysed under a microscope (Olympus,
Tokyo, Japan).

Phytochemical test

Test for phenols

The test was performed by the method of Sofowora
[8]. 2 ml extract was taken in a beaker glass. Then,
2 ml of ferric chloride solution was added. A deep
bluish-green solution indicated the presence of phe-
nols.

Test for terpenoids

Salkowski test was performed by using the method
of Edeoga et al. [9]. 5 ml of aqueous extract was
mixed with 2 ml of chloroform. Then, 3 ml of con-
centrated sulfuric acid was poured to form a layer.
A reddish-brown colouration of interface indicated
the presence of terpenoids.

Test for saponins

The test was performed using the method of Edeoga
et al. [9]. 2 g of the powdered sample was boiled in
20 ml of distilled water in a water bath and filtered
the solution. Then, 10 ml of filtrate was mixed with
5 ml of distilled water and shaken vigorously for
a stable, persistent foam. The foam was mixed with
three drops of olive oil and shaken vigorously, which
led to the formation of the emulsion, which indicat-
ed the presence of saponins.

Test for flavonoids

The test was performed with the method of Har-
borne [10]. 1 g of powdered sample was heated with
10 ml ethyl acetate over a steam bath (40-50°C) for
5 minutes. The filtrate was treated with 1 ml od di-
luted ammonia. A yellow colouration demonstrated
positive test for flavonoids.

Test for alkaloids

The test was performed by using the method of Har-
borne [10]. 1 g powdered sample was extracted with
5 ml of methanol and 5 ml of 2N hydrochloric acid.
Then the filtrate was tested with Meyer’s and Wag-
ner’s reagents. The samples were scored positive,
based on turbidity.

Statistical analysis

All data was presented as mean + standard devia-
tion, and all statistical analysis was performed with
the SPSS 25 (IBM, Jakarta, Indonesia) software. One
way ANOVA followed by post hoc analysis, was car-
ried out, to assess the difference in mean expression
levels of each protein. p<0.05 indicated that there
was a significant difference in mean levels.

RESULTS

Table 1 shows the potential for karamunting frac-
tion on glucose regulation in Wistar rats. Karamunt-
ing extract was able to improve blood glucose levels
in rats. This improvement in blood glucose levels
causes an improvement in the level of glycosylated
haemoglobin (HbAlc). Karamunting fraction has
shown the increase of insulin secretion from the
pancreas, which is believed to improve blood glu-
cose regulation.

Table 2 provides an overview of the potential for
karamunting fraction in inhibiting complications of
kidney problems in people with diabetes mellitus.
The karamunting fraction can improve the direc-
tional glucose regulation so that there is an inhibi-
tion of AGEs deposition in the renal tissue. It can
inhibit inflammation and the inflammatory cascade
played by TNF-« expression.

Figure 1 is a histopathological picture, as well as
cross-check of the results of biochemical and molec-
ular markers on the cellular image. Figure 1 shows
that administration of karamunting fraction can
prevent AGEs deposition in renal tissue, which in
turn will inhibit inflammation and prevent further
damage to the kidneys.

Table 3 shows that each karamunting water frac-
tion is rich in flavonoids with very high antioxidant
potential. Flavonoids are the primary and second-
ary metabolites believed to play a role in inhibiting
inflammation and oxidants due to the accumulation
of AGEs.
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Table 1.
Effect of karamunting extract on glucose regulation
Groups Fasting blood glucose [mg/dl] HbA1lc [pg/ml] Insulin [TU/ml]
Day 1 Day 30 Day 1 Day 30 Day 1 Day 30
1 89.9+6.87 87.8+£5.37 3.9+0.17 3.8+0.27 188.2+15.32 188.1£16.65
2 389.9+26.71 399.9+28.27 12.8+0.82 12.9+0.65 32.8+0.11 32.9+0.13
3 382.2+21.13 181.3+£11.27* 12.5+0.76 7.8+0.23* 32.4+0.21 123.1+10.12*
4 384.3£23.21 299.2+24.57* 12.3+0.43 10.1+0.95% 32.3+0.12 87.8+4.65*
5 383.2+£27.97 197.3+£16.47* 12.9+0.68 7.9+0.44* 32.1+0.22 124.3+10.12*
6 386.6+26.57 169.9+10.22* 12.6+0.77 6.9+0.33* 32.3+0.23 132.9+11.22

*ANOVA, post hoc Bonferroni, p<0,05 vs group 2; group 1: non-diabetic rat; group 2: streptozocin-induced diabetes without treatment; group 3:
streptozocin-induced diabetes with glibenclamide treatment (5 mg/kg BW); group 4: streptozocin-induced diabetes rats with karamunting fraction
(10 mg/kg BW); group 5: streptozocin-induced diabetes rats with karamunting fraction (20 mg/kg BW); group 6: streptozocin-induced diabetes rats
with karamunting fraction (40 mg/kg BW);

Table 2.

Effect of karamunting extract on AGEs and TNF-«

Groups AGEs [pg/ml] TNF-« [pg/ml]
1 17.7£1.37 89.9+7.76
2 989.9+58.74 1221.4+87.65
3 198.3+16.23* 453.6+32.23*
4 249.6£21.27* 567.8+£43.15*
5 193.3+15.57* 447.2+40.41*
6 169.9+13.92* 398.8+34.93%

*ANOVA, post hoc Bonferroni, p<0,05 vs group 2; group 1: non-diabetic rat; group 2: streptozocin-induced diabetes without treatment; group 3:
streptozocin-induced diabetes with glibenclamide treatment (5 mg/kg BW); group 4: streptozocin-induced diabetes rats with karamunting fraction
(10 mg/kg BW); group 5: streptozocin-induced diabetes rats with karamunting fraction (20 mg/kg BW); group 6: streptozocin-induced diabetes rats
with karamunting fraction (40 mg/kg BW)

Figure 1.

Histological overview of kidney tissue. PAS Staining. A: group 1, B: group 2, C: group 3, D: group 4, E:
group 5, F: group 6. Glycogen deposition (double arrows), Bowman’s capsule (double arrowheads), Bowman’s
space (arrowhead), mesangial area (arrow). 400 x magnification
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Table 3.
Phytochemical test of karamunting fraction
Test material saponin alkaloid triterpenoid steroid flavonoid
Karamunting fraction + + + + +++

Notes: +++ = high; ++ = moderately; + = trace

DISCUSSION

Karamunting water fraction is a part of further ex-
ploration carried out to isolate the presence of polar
compounds in the karamunting extract. The kara-
munting water fraction shows that the flavonoid
content is relatively high and is believed to be the
primary ad secondary metabolite that plays a role
in improving glucose regulation and inhibition of
AGEs deposition in kidney tissue. Karamunting is
rich in flavonoids with antioxidant potential.

Diabetes mellitus is a clinical disorder with severe
oxidative stress due to chronic stress conditions on
cells [1, 5]. Excess glucose intake will lead to over-
production of insulin in pancreatic f cells. Pancre-
atic f3 cells will be stimulated to quick production
of large amounts of insulin. This condition causes
a lot of misfolded insulin protein which will lead to
the accumulation of misfolded insulin protein in the
endoplasmic reticulum. This condition causes cell
stress which leads to a cascade of oxidative stress [7,
11]. Oxidative stress on pancreatic 3 cells will cause
the activation of the inflammatory cascade, which
will lead to the activation of death receptors and
cause the death of pancreatic f cells [12-13]. This
condition will lead to insulin deficiency which will
worsen glucose regulation [14-16]. The absence of
insulin will cause the accumulation of glucose out-
side the cells in blood vessels and tissues [17-19].
This condition causes a systemic glycosylation pro-
cess in all organs, especially in kidneys as a blood
filtrating organ. This glycosylation process causes
the accumulation of AGEs products, which are the
reaction products between glucose and proteins, lip-
ids and nucleic acids [18-20].

The accumulation of AGEs in the kidney, es-
pecially in the glomerulus, causes the activation
of an inflammatory transcription factor that will
trigger the activation of the proinflammatory cy-
tokine, TNF-« [21-24]. Activation of inflammation
in kidneys leads to kidney damage [25-27]. This
damage causes decrease the function of kidneys
and a role as a filtration organ [28]. Karamunting
acts as an antioxidant that will be able to improve
oxidative stress conditions in diabetes mellitus [29,
30]. This study proves the ability of karamunting

to enhance the regulation of blood glucose, insulin
and HbAlc. Good glucose regulation ability will
reduce the production of AGEs which will cause
the inhibition of AGEs accumulation in tissue [18,
19]. The decrease in AGEs will cause a reduction
in the production of proinflammatory cytokines
which will lead to repair of damage and deteriora-
tion of cell function.

CONCLUSION

Karamunting fraction can improve blood glucose
regulation so that it can prevent further damage and
complications of kidney organs in the condition of
diabetes mellitus in rat.

Conflict of interest: Authors declare no conflict of
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