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ABSTRACT 
 
 Diabetes Mellitus (DM) is a metabolic disease caused by perturbants of insulin production which has 
function to maintain blood glucose to muscle and fatty tissue. Type 1 DM or Insulin Dependent Diabetes 
Mellitus (IDDM) result from chronic autoimmune destruction of pancreatic β cells and cause insulin deficiency. 
According by experimental of many diabetisian,  show that extract of Andrographis paniculata’s leaves, can use 
to treat of DM. The aims of these researches are to know the prospect of A. paniculata for declining of blood 
glucose levels, also the presenting of TNFα in pancreas sectioning. Induction of DM in rat (Rattus norvegicus  
Wistar strain) 1,5-2 months were conducted by injecting Multiple Low Dosage Streptozotocin (MLD-STZ)  
intraperitonially (i.p) at dosage of 15 mg/Kg BW in 5 days. The treatments divided in 3 groups were (I): 
negative control, (II): positive control, that consist of diabetic rats, and (III): diabetic rats treated with 3-5 ml 
A.paniculata’s extract everyday in a week. Histological observation and measurement of blood glucose level 
were conducted in preimmune, after STZ injection and after treatment of A. paniculata. These results provided 
that A.paniculata’s leaves extract have the effect for declining of blood glucose level and the presenting of 
TNFα in pancreas showed overproduction of TNFα cause inflamatoty in diabetic rats. 
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Introduction 
 
 Increasing of wealthy level in population of developing countries leads to a lifestyle change, especially food 
consuming. It caused the degenerative diseases such as diabetes mellitus (DM), heart disease, cancer, etc. 
(Dalimartha, 2005). Based on the WHO survey reports, Indonesia placed on fourth ranks in the number of 
diabetics in the world after India, China and the United States. With a prevalence of 8.6% of the total 
population, it was estimated in 1995 there were 4.5 million people who suffer from DM, and in 2005 it was 
estimated to increase up to 12.4 million people. Meanwhile, The Indonesian Ministry of Health reported that the 
number of DM  patients which hospitalized was placed on first rank of all endocrine diseases (Anonymous, 
2008). 
 Diabetes Mellitus (DM) is a metabolic disease caused by impairing of insulin production. Inadequacy of 
number and insulin production cause glucose cannot be utilized by the cells, but only accumulates in the blood 
circulation throughout the body. DM could be the cause of various diseases such as hypertension, stroke, 
coronary heart disease, kidney failure, cataracts, glaucoma, retinal destruction that lead to sightless, impotence, 
abnormalities of  liver function, difficulty of wound healing which caused an infection until had to be amputated 
(Pho, 2005).There are two categories of DM, namely insulin dependent diabetes mellitus (IDDM / type 1 DM) 
and non-insulin dependent diabetes mellitus (NIDDM / type 2 DM). Type 1 DM is characterized by pancreatic β 
cell destruction that leads to absolute insulin deficiency. Type 1 DM is also mediated by immune nature are 
common in every age of human life.There is genetic predisposition to autoimmune destruction that occurs in β 
cells and is also associated with environmental factors that are only slightly known. This disease shows a 
specific character, the infiltration of mononuclear cells in the islet of Langerhans (insulitis). Mononuclear cells 
of Langerhans islet which infiltrating by lymphocytes were mainly T cells and macrophages. This will result in 
the progressive destruction of pancreatic β cells that secrete insulin, it would lead to insulin deficiency and 
failure of glucose homeostatic (Iwahasi, 1998). 
 Recently, many efforts have been conducted for the treatment of IDDM cases including the use of herbal 
therapy or healing method using a mixture of certain plant parts such as roots, stems, leaves, or seeds 
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(Boediono, 2005). This relates to the potential of the active compound content of flavonoids and alkaloids which 
found in almost of plants. Based on their chemical structure, the compound has the  nitrogen (N) element which 
known to have in the drugs consumed by diabetics, which are glibenclamide (sulphonylurea derivatives) and 
Metformin HCl (derived from  Biguanida) (Dalimartha, 2005). 
 Andrographis paniculata is one of traditional herb has long been known that both Indonesia and the 
international community because it has several pharmacological effects. It have effects as  anti-inflammatory 
and antioxidant thought to play an active role as an antidiabetics. However, detailed experiment and reserach 
about this matter does not exist yet. Therefore, it is necessary to further review through the observation of 
pancreatic damage due to insulitis and confirm the presence of TNFα in pancreatic tissue also measurement of 
blood glucose levels in the diabetics rats induced by multi low dose of  Streptozotosin  (STZ), normal rats  and 
rats with Sambiloto leaf extract therapy as an indicator of therapeutic efficacy. 
 

MATERIAL AND METHODS 
 
 The tools that were needed in this work: tub animal maintenance; analytical balance; micropipette and tip; 
vortex; Eppendorf; dispossable 10 ml syringe; glucometer stick and digital glucometer (one touch LIFESCAN); 
staining jar; paraffin blocks; microtome; object and cover glass; light microscope (Olympus); incubator; 
aluminum containers, and hot plate. 
 This study used materials such as: white rat (Rattus norvegicus strain Wistar) male age 1.5 to 2 months; 
streptozotocin (STZ)- from MP Biomedical, Inc. Cat No: 100 557; cotton; Citrate buffer pH 4.5; extract of 
Andrographis paniculata; fixative solution (4% PFA); NaCl; Ethanol: 70%, 80%, 90%, 95%, and absolute; 
Xylol; paraffin; glycerol; hematoxylen; eosin; entellan; rat anti goat TNFα  and  Rabbit  anti goat IgG labeled 
with biotin were purchased from Santa Cruz Biotechnology; SA-HRP (Strep-avidin Horse Raddish Peroxidase) 
from Dyakocytomitation, Denmark; Cromagen DAB, (Amresco); Phosphate Buffer saline (PBS),  BSA (Bovine 
Serum Albumin) from Sigma Aldrich Lot No. 78H069; hydrogen peroxide and distilled water  
 
Methods: 
 
Inducing Diabetic Rats: 
 
 100 mg of STZ were dissolved in 1.5 ml of citrate buffer pH 4.5 and then vortexed and taken according to 
body weight of rats at a dose of 15 mg / kg BW. Prior to the injection of citrate buffer solution was added with a 
volume ratio  of 1:1. STZ injected intraperitonially  performed five times (Multiple Low Dose) and rats were 
then incubated for 1 month      
 
Preparation of Andrographis paniculata leaf extract: 
 
 6 g A. paniculata leaf were washed and boiled in 600 ml of water, and boiling was continued until the 
remaining approximately 250 ml. A. paniculata leaf water was allowed to cool, squeezed and kept in stock 
bottle.    
 
Experimental model: 
 
 The rats were divided into 3 groups: (1) Group 1 as the control that received no treatment, (2) Group 2 was 
diabetic rats with age from 1.5 to 2 months, and (3) Group 3 was diabetic rats and fed the 3 - 5 ml of extract of 
Sambiloto leaf extract every day for 7 days. Blood sampling for blood glucose testing were conducted at: before 
the STZ injection, once every 7 days after injection of STZ for 1 month, and every other day during treatment 
with A. Paniculata leaf extract. Surgery was performed at the end of the incubation period after administration 
of A. paniculata leaf extract and pancreas organ were collected.   
 
Histotechnique preparation and Immunohistochemistry: 
 
 The new glass object were marked and soaked in 70% alcohol overnight. Then dried and cleaned until 
shiny. After that dipped in warm 0.5% gelatin for ± 1 min and dried in a closed room. Object glass can be used 
within two days. The first step in this method was the organ perfusion in physiological saline, and stored in 
fixative solution (4% PFA) for 24 hours. Subsequently it was dehydrated in 70% ethanol for 24 h. Then the 
organ was moved in 80% ethanol for 2 h; 90% Ethanol for 20 min, 95% Ethanol for 20 min, and absolute 
ethanol for 20 min, this step is performed three times. Further treatment was a clearing in xylol for 20 min (2 
times).  Xylol 3 was performed at a temperature of 60-63 °C for 30 min. The next infiltration stage was  
performed on a mixture xylol: paraffin with a ratio of 1:1, paraffin for 30 min (2 times) and followed by the 
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planting of embedding the organ in a box filled with liquid paraffin and allowed to be harden for 1 day, and then 
put in freezer for 3-5 days until completely hard. Histo preparations of pancreas was  begun by paraffin 
embedding on the clamp (block holder). The next clip was set parallel to the microtome blade. Cutting beguns 
by setting the slice thickness above 10 μm to achieve attainment of the field of tissue slices. Pancreatic sliced 
with a thickness of 5 μm. The next slice was inserted into the brush and put in water (room temperature). 
Results slices was removed with a brush in warm water. Spanning a perfect slice was taken with a glass object. 
Then the object glass was dried and placed on a hot plate to dry 38-40 oC. Further preparations were stored in 
the incubator with a temperature of 38-40 ° C for 48 h. 
 Immunohistochemical was started with deparafinization stages beginning with xylol (2 times), ethanol-
rinsed (100%, 70%, 30%), and distilled water each for 5 min and kept at 4 ° C for overnight. Further it was 
washed with PBS pH 7.4 for 5 min 3 times. Then it was continued  in 3% hydrogen peroxide (in PBS) for 20 
min and washed with PBS pH 7.4 for 5 min (3 times). The following steps were moved in 1% BSA (Bovine 
Serum Albumin) in PBS for 1 h   at room temperature followed by washing with PBS pH 7.4 for 5 min 3 times. 
The next stage was incubated the primary antibodies (goat anti-rat TNFα  in 1% BSA -PBS with a ratio of 
1:100) carried out overnight at 4 oC. Thereafter allowed to stand for about 30 min and washed with PBS pH 7.4 
for 5 min 3 times. Secondary antibody (biotin labeled anti-goat IgG in PBS with a ratio of 1:200) carried out for 
1 h at room temperature. Further it  washed  again with PBS pH 7.4 for 5 min 3 times. The following stages 
were in the SA-HRP (Horseradish peroxidase avidin), for 40 min at room temperature, washed with PBS pH 7.4 
for 5 min for 3 times. Then it was added with DAB (3,3-diamino benzidine tetrahydrochloride) for 20 min at 
room temperature and washed with PBS 2 times for 5 min and finally with distilled water for 5 minutes. Then 
did counterstain (hematoxylen) for 10 min at room temperature and washed with tap water 3 times and dried 
overnight at room temperature. The final step was mounting with entellan. 
 
Results and Discussions 
 
 Induced of  DM in rats through streptozotocin injection in Multiple Low Dose (MLD-STZ) is formed from 
the 14th day after the last injection. MLD-STZ injection triggers the formation of Type 1 diabetes is an 
autoimmune nature where people depend on the presence of insulin to survive. According to Mc Gilvery and 
Goldstein (1996), insulin serves as the controlling diffusion of glucose into muscle and fat tissue. Insulin 
absence of glucose causes only a few that can be absorbed by fat cells and muscle in resting conditions. In 
Syahputra (2003) stated: Insulin affects the intracellular glucose utilization through a number of ways to change 
them is about half that consumed glucose into energy through glycolysis and the path around the other half is 
stored as fat or glycogen. Glycolysis will decrease in a state without insulin, so the anabolic processes is 
impeded by glycogenesis and lipogenesis. In people with insulin-deficient diabetes, only 5% of the amount of 
glucose consumed is converted into fat. A change in blood glucose levels in rats is shown in the following 
figure: 
 

 
 
Fig. 1: Alteration of Blood Glucose Levels of Rats Treatment. 
 
 Figure 1 shows that rats injected with MLD-STZ increased blood glucose levels and persisted during the 
treatment. Elias, et al (1994) reported that administration of MLD-STZ induced hyperglycemia after incubation 
for 20-30 days at a particular time may have been altered. However, this is followed by the formation of 
autoimmune diabetes by 2.5 months. An increase in blood glucose levels caused by (1) decrease the amount of 
glucose that enters the cell, (2) reduced use of glucose by various tissues and (3) increased production of glucose 
(gluconeogenesis) in liver. A paniculata leaf extract treatments for 7 days could lowered blood glucose levels of 
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rats in stages until it reached the  normal blood glucose levels as in control rats. Kusumawati (2004) stated that 
normal blood glucose levels in rats are known to be  50-135 mg/dL. Decreasing in blood glucose levels was due 
to the active ingredients in the A. paniculata leaves namely andrographolide which is a bitter taste that gives this 
plant. In Singh (2000) mentioned that andrographolide have saveral effication as could suppress hyperglycemia, 
support the restoration of islet of langerhans after atrophy caused by STZ, anti-inflammatory, have receptors 
active oxygen radicals and antioxidants that can prevent the growth of diabetes. Coskun, et al (2004) mentioned 
the provision of an antioxidant compound containing alkaloids and flavonoids can be used to stimulate insulin 
secretion from pancreatic β cells, lowering the entry of endogenous insulin to the liver, directly suppress 
glucagon expenditure, and inhibiting hepatic gluconeogenesis, decrease glucose uptake in intestine, increased 
sensitivity to insulin receptors and suppress anaerobic glycolysis thereby increasing glucose utilization. 
The introduction of the presence of TNFα in rat pancreatic tissue treatments can be seen at Figure 2: 
 

 
 
Fig. 2: The presence of TNFα in the Islet of Langerhans. 
 
 Figure 2 shows a positive result is indicated by the visualization of complex bond of  DAB on SA-HRP-
secondary antibody-primary antibody, against the cytokine TNFα in pancreatic β cells. DAB substrate form a 
complex with SA-HRP peroxidase formed a brown color. Of the three images above can be known of TNFα in 
the pancreas, but with different frequencies, which is more in the G2 (DM rats). The presence of  TNFα showed 
tissue inflammation. According to Lee et al (1995), overproduction of TNFα can be caused by genetic defects 
that included several inflammatory diseases. TNFα is a cytokine that plays a role in the inflammatory process to 
apoptosis. Wellen and Hotamisligil (2005), mentioned that in the last decade there are many facts which indicate 
a close relationship between metabolism and immunity. This is mainly related to molecular and cellular 
mechanisms supporting obesity-induced inflammation, metabolism and signal that lead to diabetes and 
inflammation. TNFα overproduction in adipose tissue is an important marker of obesity that support the 
occurrence of significant insulin resistance. 
 Accumulation of lymphocytes, especially T lymphocytes (CD8 and CD4), B lymphocytes, macrophages 
and dendritic cells, leads to an attack that induces apoptosis in pancreatic β cells. Cytokines formed by the 
infiltration process to support the development of insulitis that support the development of diabetes. In Pakala, 
et al (1999) mentioned, TNFα is a cytokine proinflamatory  with molecules that have the ability to influence 
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insulitis increased by (1) increasing the expression of adhesion molecules, (2) increase the regulation of MHC, 
and (3) encourage the formation of chemoattractant. 
 Therefore, pancreatic section of  DM rats after A. paniculata leaf extract treatment showed a brown color 
visualization because fewer repairs are estimated to have occurred insulitis or inflammatory conditions. This 
suggests that the A. paniculata has an efficacy to reduce blood glucose levels to achieve the range of normal 
glucose levels. Although, it cannot be said that is able to restore the normal structure of the pancreas on 
histological observations. 
 Andrographis paniculata  leaf extract could cure in rats  suffering from IDDM resulted in a series of 
processes as a manifestation of the synergistic cooperation between pharmacological components contained in 
the leaves. According to Dalimartha (2005), the chemical properties and pharmacological effects are bitter taste 
that can serve as an antipyretic, analgesic, relieve heartburn, detoxicant, and anti-inflammatory. A. Paniculata  
contain several active ingredients that work synergistically ie. mineral elements such as potassium, sodium, 
calcium, grit acids, alkanes, ketones, aldehydes, and volatile oils are useful as anti-inflammatory, 4 kinds of 
lactones are deoxyandrographolid, andrographolid, neoandrographolid and 14-deoxy-11-.12 
didehydroandrographolid that serves as antipyretic, as well as flavonoids (polymethoxyflavone, andrographin, 
paniconlin, mono-0-methyilwigthin, and apigenin-7-4'-dimethyl ethers) the most derived from the roots to 
prevent blood clotting (Utami, 2003). 
 Pharmacological effects of the A. paniculata extract leaves is involved in the repair as an antioxidant and 
anti-inflammatory. The molecular structure of the chain breaking antioxidants bitter work so as to increase the 
endogenous antioxidant status of diabetic rats. This will lead to inhibition of inflammatory reactions due 
autooxidation and can neutralize free radicals (Reactive Oxygen Species) or cytokines that destroy beta cells in 
the event of insulitis. Then as detoxicant and immunosuppression.  A. Paniculata able to stop the immune 
reaction to the attack inflamator cells (mononuclear lymphocytes) and increased resistance of the cell so as to 
make the healing process of infection. Andrographolide could ameliorate the inflamation and improve the 
insulin production to reduce blood glucose level. This results was agreed with Jin, et al., (2011) which reported 
the in vitro studies which demonstrated that andrographolide has the regulating effect on signalling pathway and 
attenuation of TNF-α induced insulin resistance. Their result also showed that andrographolide could enhance 
glucose uptake to the cells 
 
Conclusions: 
 
 Based on research  revealed that A. paniculata leaf extract can lower blood glucose levels of rats after 
MLD-STZ injections to achieve normal blood glucose levels as in control mice. The existence of 
overproduction TNFα in rat pancreatic DM triggers inflammatory conditions and decreased after therapy. 
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