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Abstract. Herbal medicines have the potential to be used as therapeutic agents. Polyalthia 
longifolia is widely grown in both Indonesia and the Philippines, but it has not commonly used 
for its therapeutic purposes. Some studies reported that P. longifolia leaves extract has anti-
inflammatory activity. In this study, the potential of Polyalthia longifolia leaves extracts for 
inflammatory bowel disease (IBD) in Indometachin-induced rats was tested. Four groups of rats 
were used for this research, were  control (T1), rats with IBD with 10 mg/kg BW of sulfasalazine 
therapy (T2),) rats with IBD treated with 300 mg/kg BW of Indonesia P. longifolia leaves extract 
therapy (T3) and rats IBD treated with 300mg/kg BW of The Philippines P. longifolia leaves 
extract therapy (T4). Histopathology of gastric, duodenum, jejunum, and colon were analyzed, 
with protein profile and pro-inflammatory cytokines expressions. The results showed that P. 
longifolia leaves extract therapy origin from Indonesia and the Philippines were potent as anti-
inflammatory agents comparable to commercially available drugs against IBD. This works 
proposed the use of P. longifolia leaves as IBD therapy. 

1.  Introduction 
Herbal medicines are a prominent part of healthcare whole world [1]. The use of herbal medicine has 
enhanced rapidly over the past few decades. Therapy with herbal medicine is the primary healthcare for 
80% population in the world [2], especially in developing countries, as well as the increasing use of 
herbal medicine in developed countries [3]. Therapy with herbal medicine has fewer side effects when 
compared with synthetic drugs. Natural herbs contain phytochemicals that can use to treat various 
diseases such as inflammatory bowel disease (IBD). One of the plants that apply for this treatment 
is Polyalthia longifolia. This plant belongs to the Annonacea family which commonly found in tropical 
countries [4] such as Indonesia and the Philippines. This plant is widely used as an ornamental plant, 
reducing sound pollution and reducing fever and tonic. This plant was used to treat fever, diabetes, 
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hypertension. Some studies indicated that this plant has various classes of compounds terpenoids, 
alkaloids, and flavonoids. The content of alkaloids and flavonoids has anti-inflammatory activities, 
including inhibiting infiltration, reducing inflammatory mediators, and reducing oxidative stress [5,6]. 
Based on the therapeutic effect of the active compounds P. longifolia on the inflammatory response, it 
has potential in inflammatory regulation of intestinal inflammation. Inflammatory bowel disease is a 
gastrointestinal inflammation that has developed into a global condition with increasing incidents in 
developed countries and industries in Asia. Long-term treatment with synthetic drugs such as 
sulfasalazine will cause resistance, aggravate bleeding, male infertility, pulmonary toxicity, and 
nephrotoxicity [7]. Therefore, it was necessary to expand the knowledge of the use of herbal medicines 
such as P. longifolia leaves as IBD medicine. This study evaluates P. longifolia leaf extract used as an 
IBD drug induced by indomethacin and compared with sulfasalazine as gold standard. 

2.  Material and Methods 

2.1.  Plant Material 
Leaves of Polyalthia longifolia were obtained from Indonesia and the Philippines. Indonesia leaves of 
P. longifoia were obtained from Malang City, while samples from the Philippines from Camiling, Tarlac 
and were brought to Biosains Institute, Brawijaya University. The taxonomy for plants was identified 
and authenticated in plant taxonomy laboratory, Brawijaya University.  

2.2.  Animals  
Male Wistar rats aged two months and weighed around 150-200g each. Rats were maintained under 
standard laboratory conditions of temperature, humidity and 12 h light and dark. Animals have free 
access to feed and water (ad libitum). Before treatments, rats were acclimatized for a week. The 
experimental protocol was approved by the Ethic Commission of Brawijaya University (No. 1035-KEP-
UB). 

2.3.  Experimental Design 
The animals were in four groups: (T1) negative control, (T2) IBD with Sulfasalazine, (T3) IBD that is 
treated using P. longifoia Indonesian leaves extract, and (T4) treated P. longifoia Philippines leaves 
extract. Inflammatory bowel disease in rats were induced with indomethacin, with a dose of 15mg/kg 
orally (p.o). Treatment 2 was given 10 mg/kg BW of sulfasalazine as gold standard of IBD. T3 and T4 
were given 300mg/kg BW of ethanolic extract of P. longifoia leaves from Indonesia and The 
Philippines, respectively. The therapies were given for 7 days orally. After therapy, rats were sacrificed 
and gastrointestinal contents from the gastric, duodenum, jejunum, and colon were collected, and organs 
were preserving in 10% neutral-buffer formalin and others in phosphate buffer saline for further use. 

2.4.  Histopathological Observations 
The gastric, duodenum, jejunum and colon were collected and fixed in 10% neutral-buffered formalin, 
embedded in paraffin wax and were cut into sections of 3-5µmm thickness. The sections were stained 
using haematoxylin and eosin for histopathological observation. The effect on the different treatments 
on inflammation were observed especially the infiltration of the inflammatory cells, desquamation, 
erosion, and damage of tissue structures microscopically. 

2.5.  Immunohistochemistry 
The paraffin section of the organs also was deparaffinized with xylol and multi-concentrations of alcohol 
for 15 min. Furthermore, slides were left overnight at 4°C and were washed with distilled water and 
PBS solution. Slides were incubated with 3% hydrogen peroxide for 40 min then washed for 5 min with 
PBS solution. Blocking stages were conducted with 1%BSA in PBS for overnight then washed again 
with PBS. Primary antibody for COX-2 and SMAD3 (Santa Cruz Biotechnology with ratio 1:50000) 
were added, left overnight and washed with PBS. After this, the secondary antibodies (anti-rabbit biotin 
conjugated) were added for 1h and washed again with PBS. Drops of Strepta Avidin-Horseradish 
Peroxide (SA-HRP) were made and left for 40 min and washed again with PBS. Drops of DAB was 
done and left for 10 min and washed with distilled water. Mayer hematoxylin was dropped on the slides, 
washed with distilled water, dried and then mounted. Slides were observed microscopically. 

 



The 2nd International Conference on Chemistry and Material Science (IC2MS)

IOP Conf. Series: Materials Science and Engineering 833 (2020) 012005

IOP Publishing

doi:10.1088/1757-899X/833/1/012005

3

2.6.  Protein Profile Using SDS-PAGE 
0.1g of duodenum and colon were crushed and PMSF + PBS-T were added to the solution. The solution 
was homogenated and sonicated for 10 min and was centrifuged at 6000 rpm at 4 ° C for 15 min. The 
supernatant was collected, and cold ethanol was added to the solution (1:1), stored at 4 ° C for 12 h. 
Samples were centrifuged at a 6000 rpm at 4 ° C for 15 min. The pellets were dried until ethanol was 
lost. Subsequently, Tris-HCl pH 6.8 (1: 1) was added, and stored at -20 ° C.  

3.  Result and Discussion 

3.1.  Histopathology 
Histopathological analysis of the small intestine was conducted by the Haematoxylin-Eosin (HE) 
method on all treated groups. Based on previous research, induction of indomethacin caused necrosis in 
the small intestine, so that the goblet cell and mucus layer were lost, and villi damage (desquamations 
and rupture) were observed, which was also confirmed in this study. Observation showed the 
desquamation of epithelia, erosion, congestion, and infiltration of inflammatory cells and villi damages 
were seen. 

3.1.1.  Gastric histopathology. The therapy of sulfasalazine as a gold standard has maintained IBD 
remission [10]. It was observed that the leaf whether from Indonesia and the Philippines have potency 
as anti-inflammatory [11]. It also reduced the inflammatory symptoms by inhibiting the product in 
PGE2.  As earlier studied [12,13], leaves extract from P. longifolia also had antioxidant activity. One of 
the compounds was liriodenine [14]. Liriodenine has anti-inflammatory and antioxidant activities that 
can reduce inflammation and repair tissue damage, as seen in the histopathological picture. 
 

  

  

Figure 1.  Histopathology of gastric mucosa. (A). Gold Standard group; (B). P. longfolia extract 
from Indonesia therapy; (C). P. longifolia extract from The Philippines, and (D) IBD 

condition. 
Legend: 

M : Mucosa 
MM : Muscularis mucosa 
SM : Submucosa 
ME : Muscularis external 
D : Desquamation of the epithelia 
E : Erosion 

 : Congestion 
 : Infiltration 
 : Parietal cells 
 : Chief cells 
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3.1.2.  Duodenum histopathology. Indomethacin induction in rat caused intestine tissue necrosis so the 
duodenal villi were eroded, and goblet cells disappeared caused by the villi damages. During 
inflammatory conditions, indomethacin caused villi desquamation resulted in the loss of goblet cells 
[15]. Based on Figure 2, the histopathology of the duodenum, group treated with sulfasalazine showed 
an improvement in the intestinal epithelial structure after treatment, as well as no erosion in the epithelial 
layer, without the infiltration of inflammatory cells and measured villous forms. The use of leaves 
extracts from Indonesia group (T3) showed that villous improvement, evidenced by the visible 
arrangement of columnar epithelial cells arranged by the regular villi and the appearance of goblet cells 
as mucus secretor for the protection of the villi layer in the duodenum. Histopathological features of the 
duodenum of rats treated with the Philippine extract showed the repairment of duodenal villi, which was 
followed by the appearance of goblet cells and the epithelial constituents of the villi. 
 

 

Figure 2.  Histopathology of duodenum. (A). Gold Standard group; (B). P. longifolia extract from 
Indonesia therapy; (C). P. longifolia extract from Philippines. 

 Legend:       
 : Columnar epithelial tissue      : Goblet cell 

  

3.1.3.  Jejunum histopathology. Thick walls and villi characterized the jejunum histology because they 
contained many blood vessels. Like duodenum, jejunum suffered damage when exposed to toxic 
substances such as indomethacin. Figure 3 showed the histopathological features of jejunum in the IBD 
group treated with sulfasalazine (Figure 3A), showed the improvements in villous shape, neat columnar 
epithelial cell structure and the appearance of goblet cells. However, inflammation cells were still found 
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coming out of the lymphatic channels and spaces in the Crypt of Lieberkühn, which indicated 
improvement was not yet completed. The histopathology of jejunum with IBD treated with the leaves 
extract from Indonesia and the Philippines showed improvement as evidenced by the reduction in 
inflammatory cell infiltration, neat layer of the columnar epithelial cell structure, goblet cells and no 
desquamation compared to the control group (Figure 3D). 
 

 

Figure 3. Histopathology of jejunum; (A). Gold Standard group; (B). P. longifolia extract from 
Indonesia therapy; (C). P. longifolia extract from Philippines, and (D) IBD condition. 

Legend: 
S        : Serosa 
M       : Mucosa 
SM     : Submucosa 
CL      : Crypt of Lieberkuhn 

 : Cell infiltration 
 : Columnar epithelium tissues 
 : Goblet cells 

3.1.4.  Colon histopathology. Histopathology analysis showed that the sulfasalazine therapy group has 
undergone tissue repair in the colonic mucosa marked by the appearance of goblet cells in the mucosal 
lining of the colonic epithelium. Goblet cells in the colon function as a barrier in the colonic mucosa 
by removing mucin compounds. As for the colonic histopathology of the leaves extract therapies 
group from both countries, indicated tissue repairs. However, inflammation cell infiltration was still 
found, and the surface structure of the epithelium were not yet intact. 
The goblet cells in the process of repairing the digestive tract were observed due to sulfasalazine, which 
has the ability to suppress the production of free radicals thus accelerating the time of inflammation and 
increasing the work of TGF-β as an anti-inflammatory cytokine for regenerating intestinal stem cells 
and differentiating into several types of cells namely enterocytes, goblet cells, and cells Paneth [16]. In 
addition, the content of secondary metabolites in the ethanol extract of P. longifolia leaves has quercetin 
and rutin, which can inhibit the formation of free radicals, reduce pro-inflammatory mediators, 
improving the protective function of the epithelium in the intestine organ. Flavonoids were known to 
increase colonic permeability [17]. 
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Figure 4. Histopathology of colon. A. Gold Standard group; B. EEPL from Indonesia group; C. EEPL 
from The Philippines group. 
Legend: 

 
= repairing  = inflammation cells infiltration 

 

 

3.2.   Immunohistochemistry of COX-2 and Smad3 
Inflammatory bowel disease (IBD) is a chronic inflammatory condition that occurs in the gastrointestinal 
tract. Characterization of the inflammatory process is with the presence of COX-2 expression which 
increases rapidly and decreases anti-inflammatory cytokines such as Smad3. COX-2 and Smad3 
expression were observed by immunohistochemistry methods and analyzed with one-way ANOVA 
statistics. The results showed that the treatment affected COX-2 and Smad3 expression (p <0.05). 

Table 1. Expression of COX-2 on gastric and Smad3 on duodenum in rats’ model IBD. 
Groups COX-2 Smad3 
T1 (control)  0.6533±0.05465a 14.8000±0.33466a 

T2 (Sulfasalazine 1.2433±0.11130b 12.6000±0.56569b 

Indonesia 1.3267±0.05164b 12.2000±0.43818b 

Philippines 1.5467±0.08262c 8.0333±0.52789c 
Note: The notations a, b and c show a significant difference between treatment groups (significance <0.05). While the same 
notation shows no significant difference between treatment groups. 
 

Table 1 shows the number of COX-2 and Smad3 expressions when Sulfasalazine, leaves extracts 
from Indonesia and The Philippines as compared to the adverse treatment. Results showed improvement 
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of IBD by decreasing COX-2 expression and decreasing Smad3 compared with the untreated group. The 
leaves extract from the Philippines showed significant differences (P <0.05) in treating IBD. The leaves 
extract from Indonesia has a comparable result as with the gold standard treatment prescribed with 
sulfasalazine and showed significant differences between the treated and untreated groups. The leaves 
extract from the Philippines was found better because of increased COX-2 expression and decreased 
Smad3; this result concurred with the studies of Peng et al. [5,17]. 

Therapy of P.  longifolia leaves extract from the Philippines and Indonesia has the potential of 
accelerating healing and cell regeneration in IBD rats. Flavonoid and alkaloid compounds in the leaves 
of P. longifolia can act as antioxidants and anti-inflammatory agents. They play a role in exhibiting 
COX-2 so that there were limited number of inflammatory cells that migrate to the wound tissue. 
Furthermore, the inflammatory reaction was shortened and the proliferative ability of Smad3 was not 
inhibited [16].  Flavonoid and alkaloid compounds stabilize the reactive oxygen species (ROS) by 
reacting with the compounds from free radicals so that these compounds become inactive [18]. This was 
evidenced by the histopathological picture of the duodenum which looked normal and has improved. 

3.3.  Protein profile of duodenum and colon 

Table 2. The result of protein profile of duodenum analysis based on SDS-PAGE. 

Group 
Molecule weight (kDa) 

289.7 201.4 140.7 87.3 59.5 45.6 35.8 21.2 
Gold standard sulfasalazine (P1) √ √ √ - √ √ - √ 
Polyathia longifolia from Indonesia (P2) √ √ √ - - √ √ √ 
Polyathia longifolia from the Philippines (P3) √ - - - √ √ √ √ 
 

 

Figure 5. Protein bands of duodenum (SDS PAGE 12%). 
Legend: M = marker; P1 = Sulfasalazine group; P2 = EEPL from Indonesia group; P3 = EEPL from Philippines 

 
The 40 kDa protein appeared in sulfasalazine therapy and leaves extract from the Philippines. This 

protein was thought as Vasoactive Intestinal Polypeptide (VIP) which was secreted by cells in the 
intestinal mucosa. VIP was produced by inflammatory tissue; VIP increased the permeability of 

MW 
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duodenal tissue stimulated the secretion of fluid and electrolytes from duodenal tissue which triggered 
watery diarrhea and dehydration [19].  

Table 3.  The result of protein profile of colon analysis based on SDS-PAGE. 

Group 
Molecular weight of Protein (kDa) 

288.2 198.3 167.4 114.6 43.5 37.1 22.0 
Negative control (K-) √ √ √ √ √ √ √ 
Gold standard sulfasalazine (K1) √ √ √ - √ √ √ 
Polyathia longifolia from Indonesia 
(K2) 

√ √ √ - √ √ √ 

Polyathia longifolia from the 
Philippines (K3) 

√ √ √ - √ √ √ 

 

 

Figure 6.  Protein bands of colon (SDS PAGE 12%). 
Legend: M = marker; K- = negative control; K1 = Sulfasalazine group; K2 = EEPL from Indonesia 

group; K3 = EEPL from Philippines 
 

Protein with molecular weights 114.6 kDa were not synthesized in all treatment groups, but it was 
synthesized in healthy conditioned rats. A protein with molecular weight of 114 kDa is a protein that 
binds to glycocalyx in blood vessels, namely the β-galactosidase [20]. This β-galactosidase was enzyme 
that very important to convert carbohydrates into disorders in IBD conditions. This enzyme was located 
at the peak of the villi to hydrolyze lactose to glucose and galactose [21] 

4.  Conclusion  
Polyalthia longifolia has been proven to improve gastrointestinal tissue in rats with infectious bowel 
disease-induced indomethacin. It was proven by the histopathological profiles, showed decreasing pro-
inflammatory signs, enhanced of anti-inflammatory expression, and improved protein profiles. 
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Abstract. Polyalthia longifolia (family: Annonaceae) is widely planted to effectively reduces 

noise pollution. This plant spread in many countries including Indonesia and the Philippines. 

Alkaloids are the main active compounds other than terpenoids in P.longifolia and it has the 

potential to be anti-inflammatory. Each leaves considered have different active compounds 

because of the different geographic factor from each country. To confirm this, we investigated 

the differences alkaloid compounds from two different sources of plants and predicted their 

anti-inflammatory potential. Shade-dried leaves from Indonesia and the Philippines were 

extracted by ethanol 70%. Two extracts were analyzed with LC-MS to ensure alkaloid 

compounds. Ensured alkaloid compounds further take on molecular docking. The compounds 

were drawn with ChemDraw then convert to .pdb with Open Babel. The protein COX-2 

obtained from .pdb then prepared with PyMol. The docking process held by PyRx and the 

interaction was visualized by LigPlot+. LC-MS analysis identified 5 alkaloids contained from 

the ethanol extract of P.longifolia leaves from Indonesia and the Philippines. O-

methylbulbocapnine-N-oxide was found only in ethanol extract leaves from Indonesia, while 

N- methylnandingerine-β-N-oxide was only found in ethanol extract leaves from the 

Philippines.  All compounds have the potential as an anti-inflammation. Liriodenine as the 

most potent compound with binding energy -10.9kcal/mol. O-methylbulbocapnine-N-oxide has 

lower binding energy than N- methylnandingerine-β-N-oxide. In conclusion, there are 

differences between the alkaloid compounds and anti-inflammatory potential of the ethanol 

extract of P.longifolia leaves from Indonesia and the Philippines. Moreover, Indonesia's 

ethanol extract leaves showed more potential than Philippines's. 

1. Introduction 

Polyalthia longifolia is a plant commonly used to reduce noise pollution [1]. P.longifloia can be found 

in tropical and sub-tropical countries [2] such as Indonesia and the Philippines. This plant has been 

used as a traditional medicine to treat fever, skin disease, hypertension, diabetes. P.longifolia has 

pharmacological and biological activities such as anti-oxidant, anti-bacterial, anti-fungal, anti-cancer 

and anti-inflammatory [3]. 

Previous studies have reported that this plant contains flavonoids, alkaloids, sesquiterpenes, 

diterpenes, saponins, quercetin, bulbocapnine [2]. Geographical differences will cause differences in 
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the content of chemical compounds in plants [4]. P.longifolia has the main secondary metabolites of 

alkaloids and diterpenoids. Various derivatives of the identified alkaloid compounds can be used as an 

anti-inflammatory [5]. For example, alkaloids are anti-inflammatory for IBD [6]. 

The anti-inflammatory mechanism can inhibit the enzyme cyclooxygenase (COX) [7]. The 

cyclooxygenase enzyme has two isoforms, namely COX-1 and COX-2. COX-2 is inducible and 

responsible for inflammatory [8]. Selective inhibition of COX-2 will reduce inflammation with a low 

risk of gastrointestinal [9] 

In silico methods such as molecular docking are used to predict the ability of active compounds 

(ligands) to cause a biological effect computationally [7]. This study aims to determine the differences 

in the active compounds of P.longifolia plants from the regions of Indonesia and the Philippines. In 

addition, molecular docking is used to determine the ability of active compounds as anti-inflammatory 

compounds. 

 

2.  Materials and Methods 

2.1. Plant Material 

P.longifolia leaves ware collected from two different countries. P.longifolia leaves from Indonesia 

ware collected from Malang, East Java. While P.longifolia leaves from the Philippines were collected 

from Camiling, Tarlac. The Plants identified in plant taxonomy laboratories, Brawijaya University. 

 

2.2. Hardware and Software 

The computer used had the specifications of the Inter® Core ™ i3-4005U CPU @ 1.70GHz 1.70 GHz, 

Random Access Memory (RAM) 6.00 gigabytes. The software used is ChemDraw Ultra 12, PyMol, 

PyRx 0.8 and LigPlot + v.2. 

 

2.3. Extraction 

P.longifolia leaves from Indonesia and the Philippines were shade-dried and powdered. The powder 

was macerated with 70% ethanol for 72h. The filtrate was evaporated to get the extract. The extracts 

obtained were stored at 4˚C until further analysis. 

 

2.4. Alkaloid Analysis with LC-MS 

LC-MS (TSQ Quantum Access MAX Triple, Thermo-Scientific) with C18 column (1.7 μm 100Å 

50x2.1 mm, Kinetex) was adjusted according to the desired conditions (7.50 min separation process 

and the flow rate of 300 μl/min). The mobile phase was in the form of two solvents (eluent A = water 

and eluent B = acetonitrile). The gradient elution was carried out as follows, 0-0.60 minutes 90%: 10% 

(A: B), 5.00-5.50 minutes 25%: 75% (A: B) and 6.00-7.50 minutes 90%: 10% (A: B). 

 

2.5. Preparation of Ligand Structures 

The ligands used for molecular docking were alkaloid compounds present in the ethanol extract of 

leaves of P. longifolia from LC-MS. The structure of the ligands was drawn using ChemDraw Ultra 12 

and Open Babel is used to convert to .pdb. Alkaloid compounds included in the study were Polylogine, 

noroliveroline, liriodenine, oliveroline-β-N-oxide, N-methylnandingerine-β-N-Oxide and O-

methylbulbocapnine-N-oxide (Results from LC-MS). 

 

2.6. Protein Preparation 

Preparation of COX-2 protein begins by selecting an active form protein that binds native ligand (GDP 

code: 3LN1). Water molecules, ligands and B, C and D chains were removed from proteins using 

PyMol. 

 

2.7. Molecular docking 

Molecular docking proteins with ligands was carried out using AutoDock Vina in PyRx. Docking was 

carried out on a grid with a center of 31,2552; -23,4834; -16,1872 and Dimensions 17,4839; 17,3785; 
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21,3620 (Angstrom). Docking results in the form of bond strength interactions between ligands and 

receptors. Analysis of interactions with amino acids residues was used by the LigPlot + v.2 program. 

 

3.  Result and Discussion 

3.1. Alkaloids by LC-MS 

Alkaloid compounds were identified using LC-MS with 7 targets molecular weight of compounds 

which included polylongine, polyfothine, liriodenine, noroliveroline, oliveroline β-N-oxide N-

methylnandingerine-β-N-oxide and O-methylbulbocapnine-N-oxide. Identification of compounds from 

the target molecular weight using m/z [M+H]+. Five alkaloid compounds identified on P.longifolia 

leaves from Indonesia and the Philippines. The alkaloid compounds detected are shown in table 1. The 

structure of the alkaloid compounds is shown in figure 1. There are differences in the compounds 

found, namely N-methylnandingerine-β-N-oxide in Philippine extracts and O-methylbulbocapnine-N-

oxide in Indonesian extracts. Differences in compounds were due to different geographies between 

Indonesia and the Philippines. This condition would affect environmental factors such as temperature, 

altitude and sun duration [4]. 

 

   

   
Figure 1. Structure of alkaloid compounds. A) Polylongine, B) Liriodenine, C) Noroliveroline, D) 

Oliveroline β-N-oxide, E) N-methylnandingerine-β-N-oxide, F) O-methylbulbocapnine-N-oxide. 

 

Table 1. Alkaloid compounds identified in the ethanol extract of P.longifolia leaves from Indonesia 

and the Philippines. 

Compounds MW (g/mol) From RT(min) 

Polylongine 243.261 
Indonesia 0.68 

Filipina 0.71 

Liriodenine 275.263 
Indonesia 3.09 

Filipina 3.09 

Noroliveroline 281.31 
Indonesia 2.75 

Filipina 2.75 

Oliveroline-β-N-Oxide 311.337 
Indonesia 2.99 

Filipina 2.99 

N-methylnandingerine β-N-oxide 341.363 
Indonesia - 

Filipina 4.87 

O-methylbulbocapnine-N-oxide 355.39 
Indonesia 4.92 

Filipina - 

 

The polarity of alkaloid compounds was indicated by the retention time (RT) resulted. Table 1 

showed the polarity of the alkaloid compounds found in P.longifolia leaves. Polylongine had the 

A B C 

D E F 
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highest polarity then noroliveroline, oliveroline-β-N-oxide, liriodenine, N-methylnandingerine-β-N-

oxide and O-methylbulbocapnine-N-oxide. The greater retention time indicates that the compound was 

retained by non-polar column. While compounds with the smallest retention time such as polylongine 

were not held up in column because they were polar in contrast to the column. Liriodenine in previous 

studies had retention time (RT) 3.51 [10]. Retention time differences were possible due to differences 

in flow speed and type of column used. Liriodenine was a compound that had been shown antiradical 

activity [11] and antioxidants [12]. 

 

3.2. Docking Results 

Alkaloid compounds from P.longifolia leaves are thought to have anti-inflammatory effects. The 

cyclooxygenase-2 enzyme is an inducible enzyme caused by inflammation[8]. Inhibition of COX-2 is 

clinically effective as an anti-inflammatory agent that does not adversely affect the gastrointestinal 

tract. Molecular docking was done to determine the potential of alkaloid compounds as an anti-

inflammatory by looking at the interaction of compounds with the active site of COX-2. Molecular 

docking was done with the PyRx program to assess the potential of compounds to be anti-

inflammatory.  

The 3D structures of alkaloid compounds detected from the ethanol extract of P.longifolia leaves 

were created using ChemDraw (Figure 2). 

 

   

   
Figure 2. The 3D structure of Alkaloids. A) Polylongine, B) Liriodenine, C) Noroliveroline, D) 

Oliveroline β-N-oxide, E) N-methylnandingerine-β-N-oxide, F) O-methylbulbocapnine-N-oxide. 

 

The 3D structure of COX-2 proteins that binds to the original inhibitor is obtained at the RCSB 

GDP online (Figure 3A). Water molecules, other ligands and chain B, C and D removed by PyMol 

software (Figure 3B). 

  
Figure 3. A) The 3D of COX-2 protein, B) The 3D chain A structure of COX-2 protein. 

A B 
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Molecular docking results and interactions with residual amino acids were shown in Table 2. Table 

2 showed the potential of each compound as anti-inflammatory seen from the binding energy and 

amino acid interactions. The total binding energy of the compounds that were docking had a value of 

RMSD (Root Mean Square Deviation) <2. RMSD was the difference between predictive and 

experimental observations, the smaller the RMSD value obtained, the predicted position of the 

compound was closer to native [7]. Therefore, it can be concluded that this molecular docking was 

valid for predicting COX-2 inhibition. 

 

Table 2. The results of molecular docking between alkaloid compounds in P.longifolia leaves with 

COX-2 enzyme. 

Compounds/Lig

ands 

Binding 

energy 

(kcal/mol) 

Hydrogen 

bonds 

distance 

(Å) 

Amino acid 

residues from 

hydrogen 

binding 

Amino acid residues from hydrophobic 

bonds 

Polylongine -8.7 
3.29 

2.83 
Tyr341 

Leu517, Ala513*, Ser516, Val335, 

Phe504*, Leu338*, Ser339*, Val509* 

Liriodenin -10.9   
Val335*, Ala513*, Ser516, Leu338*, 

Val509*, Phe504*, Ser339*, Tyr341* 

Noroliveroline -10.7 
3.27 

3.12 
Ala513* 

Ser516 

Val335, Leu338, Phe504*, Ser339*, 

Val509*, Tyr341*, Leu517, Arg106 

Oliveroline-β-N-

oxide 
-9.3   

Phe504*, Val509*, Met508*, Leu338*, 

Tyr371, Trp373, Ser516, Leu517, 

Val335*, Ala513*, Tyr341*, Ser339* 

N-

Methylnandinge

rine-β-N-Oxide 

-7.4 3.05 Ser516 

Leu517, Val335*, Ala513*, Gly512*, 

Leu338*, Ser339*, Phe504*, Val509*, 

Tyr341*, Leu345 

O-

Methylbulbocap

nine-N-oxide 

-8.2   

Tyr371, Trp373*, Phe504*, Leu338*, 

Tyr341*, Ser516, Ala513*, Val509*, 

Arg106, Ser339*, Val335*, Leu517, 

Leu345, Val102 
*= same amino acid interactions with reference inhibitor 

 

Binding energy was a conformational stability parameter between receptors (COX-2) and ligands 

(compounds). All alkaloid compounds that had been docking had low binding energy which ranges 

from -7.4 to -10.9 kcal/mol. Low binding energy causes the protein-ligand complex (compound) to 

become stable so that the ability to inhibit COX-2 was getting better [13]. This showed that these 

compounds had the potential as an anti-inflammatory. Based on the binding energy, it can be classified 

as anti-inflammatory compounds as follows: liriodenin> noroliveroline> oliveroline-β-N-oxide> 

polylongine> O-methibulbocapnine-N-Oxide> N-methylnandingerine-β-N-oxide. 

The LigPlot+ program was used to visualize protein-ligand interactions. The results obtained 

illustrate the interaction of amino acid residues with ligands, which were mediated by hydrogen bonds 

with hydrophobic interactions. The interaction of ligands with amino acid residues of the O-

methylbulbocapnine-β-N-oxide compound and N-methylnandingerine-N-oxide was shown in Figure 4. 
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Figure 4. Visualize the results of LigPlot+. A) N-methylnandingerine-β-N-oxide, B) O-

methylbulbocapnine-N-oxide. 

 

In addition to binding energy, a comparison of amino acid residue interactions from reference 

inhibitors was carried out [14], [15]. This was done to see that the alkaloid compounds were on the 

same side (active side) as celecoxib. Redocking from celecoxib as a reference inhibitor obtained of 

hydrophobic interaction on the amino acid residues of Met508, Ala513, Gly512, Val509, Trp373, 

Leu370, Try341, Val335, His75, Phe504, Ile503 and Ala502 and hydrogen bonds acceptor with 

Ser339, Gln178, Leu338 and Arg499. Based on amino acids binding to the compounds in Table 2, it 

was found that all alkaloid compounds interacted on the active site of the receptor (COX-2). Hence, it 

could be concluded that the alkaloid compounds of ethanol extract of P.longifolia leaves had the 

potential as an anti-inflammatory by selectively inhibiting COX-2. Based on the potential of anti-

inflammatory compounds O-methylbulbocapnine-N-Oxide was better than N-methylnandingerine-β-

N-oxide. Thus, extract ethanol of P.longifolia leaves from Indonesia was better than the Philippines. 

 

4.  Conclusion 

In conclusion, P.longifolia leaves from Indonesia and the Philippines contained different alkaloid 

compounds. N-methylnandingerine-β-N-oxide was only found in extracts from the Philippines, 

whereas O-methylbulbocapnine-N-oxide was only found in extracts originating from Indonesia. All 

alkaloid compounds found had anti-inflammatory abilities by inhibiting COX-2 in silico. Molecular 

docking results showed that compound from Indonesia had better anti-inflammatory potential than the 

Philippines. 
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Abstract 

Healthcare waste management has been more critical during the outbreak of the Covid-19 pandemic. Healthcare 

waste (HCW) not only poses serious environmental and human health risks, but it can also cause death. The 

problem of how to manage HCW is extremely important to prevent widespread disease transmission and 

environmental degradation. A descriptive survey study assessing the implementation of the healthcare waste 

management on storage, pre-treatment, collection and disposal of all private and public hospitals in the 

Municipality of Camiling, Tarlac, Philippines was determined. A mixed method research was adopted by 

conducting semi-structured interviews with the Head of the Waste Management Division, Pollution Control 

Officers, Sanitary Inspector, and other employees involved in waste disposal in private and public hospitals, 

clinics, and rural health units. A survey was used as a quantitative tool for data collection from respondents 

involved in healthcare waste management. Data were gathered using questionnaires and interviews with 

respondents and key informants, respectively. Data were analyzed and interpreted using frequency count and 

percentage. Findings revealed that 80% of the respondents used a color coding scheme while 20% used labeling 

as means of waste segregation. It also showed that 60% of both private and public hospitals has conformed to the 

waste management standards set by the Department of Health (DOH), Republic Act 9003, and World Health 

Organization 2009. Moreover, a clinic has conformed only to the DOH standards in terms of segregation, pre-

treatment, storage, and disposal of wastes generated. However, the rural healthcare unit used labeling in 

segregating its wastes instead of a color coding scheme. In addition, segregation of waste was done only in its T 

and B DOTS and Laboratory. Further, hospital wastes were mixed with municipal wastes and disposed of in a 

dumpsite. Treated hazardous and infectious wastes were disposed of using burial method. The system of handling, 

storage, treatment, and disposal of the hazardous wastes of the healthcare units was different from each other.  

Keywords: Hospital waste, waste segregation, healthcare waste management, solid and hazardous waste, waste 

disposal and treatment 

 

INTRODUCTION 

The management of hospitals and healthcare units has the responsibility of ensuring that 

hospital wastes have no adverse health and environmental consequences in their handling, 

storage, treatment, and disposal. Improper management of healthcare waste aids in the 

transmission of diseases even the Covid-19 virus. Hospital wastes or biomedical wastes consist 

of solid, liquid, sharps, genotoxic, pharmaceutical, infectious, chemical, risk, and non-risk. and 

laboratory wastes that are potentially infectious and dangerous to health care, sanitation 

workers, patients who are regularly exposed to these wastes, the people who will also be 

exposed to it, and the environment (soil, air, water) when improperly handled (Das et al., 2021, 

Gassemi et al., 2016. Hossain et al., 2011, and Patwary et al., 2011, and Rao, 2008). These 

wastes have to be properly managed to protect public health otherwise they can pose serious 

risks of disease transmission to waste pickers, waste workers, patients, and the public in general 

upon exposure to infectious agents (Das, et al., 2021).  Moreover, its causing disease is not only 
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the problem but if it contains hazardous wastes or radioactive wastes, it cannot be mixed with 

other non-hazardous solid wastes in the sanitary landfill. Proper waste management practices, 

safety measures for waste workers, and sanitation are crucial strategies for combating further 

spread of infectious diseases and landfill issues (Das et al., 2021). 

On the other hand, not all hospital wastes are dangerous because there are wastes generated 

from its offices, cafeteria, and patient cares which does not pose a threat to landfills and public 

health. 

With this environmental concern, government agencies such as DOH and DENR have set 

quality standards as well as regulations and programs so that occupational hazards of the health 

care workers will be avoided; the use of toxic chemicals and mixtures will be regulated; and 

solid and hazardous waste disposal will be managed from generation to final disposal. 

The waste management programs of both public and private hospitals, clinics, and rural health 

units in Camiling Tarlac were determined to validate if they are conforming to the standard 

rules set by DOH in terms of waste management and the RA 9003 or the Ecological Solid 

Waste Management Act of 2000. Following the rules set indicates their ability and active 

responsiveness in ensuring the health and welfare of the community as well as performing their 

social responsibility in preserving the integrity of the environment. Some of the problems 

identified were mostly due to non – segregation processes, unsecured dumpsites, and landfill. 

Moreover, the poor implementation of some healthcare institutions regarding waste 

management systems was observed. This will most likely result in land degradation and a threat 

to human health.  

On the other hand, some of the most common problems identified are inadequate waste 

management, lack of awareness about health hazards, insufficient financial and human 

resources, and poor control of waste disposal. To be able to minimize these consequences, 

proper implementation of rules and policies should be practiced by the management of 

hospitals and health care units. A framework for healthcare waste management should always 

consider health and occupational safety. Hence, this study on assessing the implementation of 

waste management in the healthcare sectors was conducted to determine the practices and 

conformity to ambient standards of public and private hospitals and other healthcare units in 

the Municipality of Camiling from generation, segregation, handling, storage, treatment, and 

disposal of their wastes. Moreover, the solid and hazardous wastes generated by the hospitals, 

clinics, and health care units were identified. The waste management programs implemented 

were described and further assessed on their level of conformity to the guidelines set out by the 

Department of Health.  

The data generated from this study can be used for policy formulation of the Local Government 

Unit in reviewing the prevailing policies, mechanisms, programs, and facilities on segregating, 

storing, handling, disposing, and treating hazardous and infectious hospital wastes. Findings 

can also provide salient information to the local concerned authority to identify numerous 

issues in healthcare waste management and find opportunities to devise systems and the best 

solution to each. 
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METHODS AND PROCEDURES 

This study was carried out in a descriptive survey research design to describe the waste 

management practices of the premier health care units in Camiling, Tarlac, Philippines. The 

Head of the Waste Management Division, Pollution Control Officers, Sanitary Inspector, and 

other employees involved in the waste disposal of 2 private hospitals, 1 private clinic, and 1 

rural health unit. To protect the reputation of these premiere healthcare providers and ensure 

the confidentiality of the information divulged to the researchers, the identity name was not 

mentioned throughout the discussion. Instead, an alternative nomenclature was used namely: 

Private hospitals 1 and 2, public hospital, clinic, and health center. 

Questionnaires were used to determine the waste management disposal practices of the private 

and public hospitals, clinics, and health care units while structured interview guides for the key 

informants to triangulate the information provided by the respondents. The premier private and 

public hospitals and health care units in Camiling, Tarlac were identified. Permission to 

administer the questionnaires and conduct interviews with employees involved in healthcare 

waste management from the Heads and/or owners of the healthcare units was secured. The 

questionnaire was given to each of the personnel of the said institution and they were further 

interviewed to validate the data gathered. The gathered data were analyzed through the use of 

quantitative analysis. The quantitative data were tabulated and analyzed using descriptive 

statistics such as frequency counts, mean, and percentages.  

 

RESULTS AND DISCUSSION 

Solid Infectious and Hazardous Hospital Wastes  

Data on the healthcare solid and hazardous wastes generated by the hospitals and other health 

care providers in Camiling, Tarlac are shown in Table 1. 
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Table 1: Summary of solid infectious and hazardous wastes generated by the hospitals 

and health care units 

Hospitals and Health 

Care Units 
Solid Wastes Generated Infectious or Hazardous Wastes Generated 

 

Clinic 
• Papers 

• Cartons 

• Plastics 

• Cans  

• Styropor containers 

• Sharps 

•  Blood 

• Chemical waste from the laboratory 

• Cotton swabs 

• Used facemasks 

• Used bandages 

• Used tubing IV 

• Specimen container 

     of blood and fluids 

 

Public Health Unit 
• Glass 

•  Slides 

•  Papers 

•  Cartoons 

• Used cans 

•  Styropor 

• Used syringes 

• Blood 

• Urinals 

• Blood lancets 

• Phlegm 

• Cotton swabs 

• Facemasks 

 

Private hospital 1 
• Empty medical bottles 

•  Empty tetra pack 

containers 

•  IVF container 

• Plastics, can, soft drinks, 

straws, wrapper, 

styropor containers 

• Waste from the offices 

• Disposal materials 

• Used for collection of body fluid  

• Dressing bandages  

• Used  folly catheters 

•  Used cotton falls  

• Used gloves  

• Used facemasks 

 

Private hospital 2 
• Waste from the offices- 

paper, cans, cartoon 

styropor containers 

• Empty vials 

•  Sharps 

•  Needles 

•  Used gloves 

• Used cotton, pharmaceutical waste 

• Facemask 

•  Radioactive waste 

 

Public hospital 
• Paper products 

•  bottles 

•  Packaging materials 

•  Waste from offices 

• Pharmaceutical waste 

•  pathological waste 

•  radioactive waste 

•  sharps 

•  chemical waste 

•  used foley catheters 

•  used blood product bags or tubing 

•  used gloves 

• specimen container of blood and fluids 

•  used suction tubes 

•  cotton applicator soaked with blood 

•  body fluids from dressing of infected wound 

and post operative cases 

•  waste from isolation room 

• Facemask 
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Table 1 shows that the solid wastes in the three hospitals, one public healthcare center, and one 

clinic are mostly similar. Most solid wastes were generated from their offices. Hazardous 

wastes on the other hand are mostly similar among the healthcare providers except for the 

presence of radioactive wastes in private hospital 2 and public hospital. Its presence can be 

attributed to the great number of patients either as out-patients or in-patients in these two 

hospitals. Many patients may mean different medical cases that will be needing low-level to 

high-level radioactive wastes. The influx of patients in public hospital is high due to cheaper 

medical expenses. However, premier private hospitals are also preferred due to the availability 

of comfortable facilities, sensitive and state-of-the-art diagnostic tests, and updated and 

advanced medical equipment (Al-Balushi et al., 2017 Meddedu et al., 2020). 

In the Philippines, the Department of Health has set a standard color coding scheme for the 

disposal of healthcare waste. This coding scheme will be used in the health care facility as 

follows: Black for non-infectious dry waste, Green for non-infectious wet waste, Yellow for 

infectious and pathological waste, Yellow with Black Band for chemical waste including heavy 

metals, Orange for radioactive waste, and red for sharps and pressurized containers (Joson, 

2012).  The use of a color coding scheme as means to segregate hospital wastes is depicted in 

the table below. 

Table 2: The use of color coding as a means of waste segregation of the health care units 

in the Municipality of Camiling 

Use color coding scheme for 

waste segregation 

Frequency 

(n=5) 

Percentage 

(%) 

Yes 4 80 

No 1 20 

Table 2 shows that the majority (80%) of the respondents were using a color coding scheme 

for waste segregation. These are private hospitals 1 and 2, public hospital, and clinic. However, 

20% (Health Care Center) was using labeling instead of the color coding scheme in waste 

segregation. This color coding of the containers of the hospital wastes was set by DOH that is 

aligned with the UNEP/WHO 2009). 

The conformity of these health care units to the standard rules set by DOH and according to 

RA 9003 is shown in Table 3. 
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Table 3: Summary of color coding scheme as means of waste segregation of the 

Hospitals and Healthcare Units in compliance to the Department of Health and RA 9003 

 

The result in Table 3 reveals that 80% of the health care units were using black color coding in 

segregating their non-infectious dry solid wastes or biodegradable wastes; green for non-

infectious wet solid waste or non-biodegradable wastes; and yellow for infectious and 

pathological wastes. The public health center is the only unit that did not use color coding. 

However, in terms of segregating chemical waste including heavy metals, 60% (Private 

Hospital 2 and Public Hospital) were using black bands as indicators. For segregating 

radioactive wastes, 60% (Private Hospitals 1& 2 and Public Hospital) were using the orange 

indicator while 80% of the healthcare providers were using red puncture-proof containers. 

The color coding scheme was set by DOH. Results show that 80% have conformed to DOH 

standards and RA 9003 in using a color coding scheme in segregating hospital infectious and 

non-infectious wastes. Only 20% had not used such a scheme because according to them, 

labeling is their means of waste segregation.  

 The provision of using a black band for chemical waste with heavy metals has not been 

followed by Private Hospital 2 and the Clinic (40%) because according to them they have not 



  
  
 
 

DOI 10.17605/OSF.IO/7GKA6 

1314 | V 1 8 . I 0 7  
 

used heavy metals in their hospital/clinic. The provision for segregating wastes with 

radionuclides was not also followed by Dr. John Iglesia Clinic due to the non-usage of such 

chemicals 

Segregation  

Table 4:  Segregation system of hospital wastes of the five healthcare Units in Camiling, 

Tarlac 

Health Care Units (Hospitals, Health 

Center and Clinic) 

Waste Segregation System 

Public Hospital − The hospital was implementing RA 9003 in 

full and was using color coding 

 

Private Hospital 1 − The hospital was implementing RA 9003 in 

full and was using color coding 

 

Private Hospital 2 − The hospital was implementing RA 9003 in 

full and was using color coding 

Public Healthcare Center − The center was implementing RA 9003 in full 

and was using labeling instead of color coding 

− Only Laboratory and the T and B DOTS 

sections were observing waste segregation 

− Infectious and non-infectious wastes were 

separated 

Clinic − The clinic was implementing RA 9003 in full 

and was using color coding 

Data in Table 4 reveals how the 5 healthcare units segregate their wastes. All units except the 

Public Healthcare Center exercised full implementation of RA 9003 or known as the Ecological 

Solid Waste Management Act of 2000 and adhered to DOH standards in waste segregation. 

Segregation of hospital wastes in Public Hospital is done by separating the different types of 

wastes and placed in corresponding bins. Containers are properly marked as compostable 

waste, non-compostable table waste, infectious waste, chemical waste, pharmaceutical waste, 

pathological waste, radioactive waste, sharp waste and pressurized waste. 

The Private Hospitals 1 and 2 have the same way of segregating their wastes through color 

coding scheme. The black container is for non-infectious dry waste, green bag is for non-

infectious wet waste, yellow bag is for infectious and pathological waste, orange container is 

for radioactive waste and red container is for the sharps and pressurized container. The green 

plastic lined bin is for the biodegradable waste which includes empty cartoons, empty medicine 

boxes, and kitchen waste, left over foods, newspapers, papers, and vegetable peelings and fruit 

skins. Black plastic lined bin is for inorganic waste. Each room has different containers for the 

various kinds of waste. The segregation of waste done at the Salvador General Hospital is in 

compliance to the DOH standards and RA 9003. 
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The Public Health Center did not fully implement waste segregation. The laboratory room and 

the T and B DOTS are the only rooms that implement waste segregation. Waste segregation 

was through the labeling of the trash can. The infectious waste and general waste were 

separated. 

Segregation of wastes in the Clinic is done through a color coding scheme. The color yellow 

container is for infectious waste, the black container was for non-infectious dry waste or 

inorganic waste, the red container is for sharp waste and the green container is for 

biodegradable waste. Each room has its trash can. The Clinic adhered the RA 9003. The 

institution used it as their guide in segregating waste. 

Storage  

On-site storage is the beginning of waste disposal because unkept waste or simple dumps are 

sources of nuisance, flies, smells, and other hazards (Takele, 2009). Infectious and pathological 

wastes however need to be treated while storing them before disposing of it properly. 

Table 5: Storage of hospital wastes of the five health care units in Camiling, Tarlac 

Health Care Units (Hospitals, Health 

Center and Clinic) 

Storage System 

Public Hospital − Had Health Care Waste Management System 

(HCWMS) 

Private Hospital 1 − Had Material Recovery Facility (MRF) for 

solid wastes 

− Solid wastes were stored for not more than 2 

days 

Private Hospital 2 − Had Material Recovery Facility for solid waste 

− Had concrete vault for temporarily storing 

hazardous and infectious wastes 

Public Healthcare Center − Stored infectious wastes in the drum for 1 year 

before disposal 

− Pre-treated hazardous and infectious wastes 

while reused and recycled solid wastes 

Dr. John Iglesia Clinic − Stored solid wastes for not more than 2 days 

and collected by Municipal truck every 

Tuesday 

− Available and visible waste containers 

Table 5 shows that Public Hospital followed the Health Care Waste Management System 

(HCWM) of their institution. This is a systematic activity of the administration that provides 

policy on segregation at source, transport, storage, transfer, processing, treatment, and disposal 

of health care waste that does not harm the environment. This system is also in compliance 

with the DOH Standards. 

Private Hospital 1 had its own Material Recovery Facility (MRF) which they use to temporarily 

store their waste – residual, recyclables and treated infectious waste. The wastes were stored 
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for not more than 2 days before disposing to the dump site. 

Private Hospital 2 had its own Material Recovery Facility which they use to temporarily store 

their waste for the proper segregation and inspection of solid waste. They also use concrete 

vaults to momentarily store the treated hazardous and infectious waste for the security of the 

people and the environment before finally disposing of it in San Clemente, Tarlac. 

The infectious or hazardous wastes generated by Public Healthcare Center are stored in a big 

drum. These wastes underwent pre-treatment before storing. It takes a year before the drum is 

buried in Camiling cemetery. The drum should be full before they bury it. 

Pre-treatment 

Table 6: Pre-treatment of hospital wastes of the five healthcare Units in Camiling, 

Tarlac 

Health Care Units (Hospitals, Health 

Center and Clinic) 

Pre-treatment System 

Public Hospital − The hospital was using autoclaving machine 

to disinfect infectious and hazardous  wastes 

Private Hospital 1 − The hospital was using antiseptic reagents for 

infectious and hazardous wastes and soaked 

before burying 

− The hospital was using septic tanks for 

infectious wastes 

Private Hospital 2 − The hospital was storing pathological wastes 

in a secured bottle and was using formalin to 

preserve it before placing it in concrete vault 

− The hospital was using Lysol to disinfect 

hazardous wastes 

− The hospital was using  needle burner for 

needle and syringes 

Public Healthcare Center − The center was using safety box for used 

syringe before disposal to drums 

− The center was using chlorine to disinfect  

Clinic − The clinic had no pre-treatment system 

Table 6 reveals that the Public Hospital pre-treated its infectious and hazardous wastes through 

autoclaving the infectious wastes. 

The Private Hospital 1 however was using Chlorox and Syndex for the pre-treatment of 

infectious and hazardous wastes. These are soaked for 1 week before they bury it. They also 

were using autoclaves to disinfect the containers of these wastes before disposing of them. The 

laboratory room has a septic tank for hazardous and infectious waste. A needle destroyer is 

used before disposing of the syringes and needles.  The pathological wastes of Private Hospital 

2 are stored in a secured bottle with formalin to preserve them before they are put in a concrete 

vault and finally bury it. Infectious and hazardous wastes undergo different treatment processes 



  
  
 
 

DOI 10.17605/OSF.IO/7GKA6 

1317 | V 1 8 . I 0 7  
 

before disposal. In disposing of blood and other pathological waste, they often use Lysol to 

disinfect or lessen and kill harmful bacteria while sharps like needles are burned in the needle 

burner. The Public Healthcare Center uses a safety box for the syringes which were chlorinated 

before disposing it to drum. All other infectious and hazardous wastes were pre-treated with 

chlorine before disposing of them. The clinic on the other hand had no pre-treatment system 

for its hazardous and infectious wastes. 

Collection and Disposal  

Collection is the removal of refuse from collection points to the final disposal site. It is the 

most expensive as compared with other operation and management procedures, because it 

demands special vehicles, experienced people to manage, more manpower, hand tools, and 

more funds for fuel, salary, maintenance, gathering or picking up of solid waste from the 

various sources, taking the collected wastes to the location where it is emptied, and unloading 

of the collection vehicle (Takele, 2009). 

Table 7: Collection and disposal of hospital wastes of the five health care units in   

Camiling, Tarlac 

Health Care Units (Hospitals, Health 

 Center and Clinic) 

Collection and Disposal System 

Public Hospital − Solid wastes were collected daily 

− Waste bags were labeled 

− Residual wastes were hauled using PEO 

dump truck in landfills at Matubog dumpsite 

− Infectious and hazardous wastes were 

transported using closed van 

Private Hospital1 − Solid wastes were collected every morning 

and disposed at the sanitary landfills at 

Matubog dumpsite 

− Infectious wastes were disposed in burial pits 

Private Hospital 2 − Solid wastes were collected in black bag and 

disposed at the sanitary landfill in Matubog 

dumpsite every day 

− Hazardous and infectious wastes underwent 

pre-treatment and collected using yellow bag; 

transported in a closed van and disposed in 

San Clemente, Tarlac. 

Public Healthcare Center − Solid wastes were collected everyday, 

collected by the municipal dump truck and 

disposed at Matubog dumpsite 

 Clinic − Solid wastes were collected by on-site waste 

collectors and collected by municipal dump 

truck every Tuesday morning 

− Infectious and hazardous waste were pre-

treated and dump at the back of the clinic 
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Collection of waste in Public Hospital is done in a manner that prevents damage to the 

container. It is collected daily or as frequently as required. No bags are removed unless they 

are labeled with their point of production (hospital ward and department) and contents. 

Collection of waste from the room is done every morning and afternoon. The solid wastes are 

collected by the municipal garbage collector truck. These are transported and disposed of in 

the Matubog dumpsite of Camiling while the infectious and hazardous wastes are disposed in 

burial pits. 

Collection of waste in Private Hospital 2 is done using a black container for the general non-

biodegradable waste which is collected every day at 8 am by the municipal garbage collector 

truck of Camiling and disposed it to Matubog dumpsite. The collection of garbage in each room 

in the hospital is made 3x a day or as needed. Yellow container or infectious and hazardous 

waste like body parts is collected every morning if ever the patient will not claim it. Their 

pathological wastes are stored in a secured bottle with formalin to preserve them before they 

are put in a concrete vault and finally bury it. A closed van is used to transport hazardous and 

infectious wastes in the disposal area at San Clemente, Tarlac. The municipal garbage collector 

truck of Camiling is used to transport all the solid wastes they generate in the Matubog 

dumpsite.  

The general solid wastes in Public Healthcare Center are collected every morning by the 

municipal garbage truck. These are disposed of in Matubog dumpsite at Camiling, Tarlac. 

The waste collector collects the waste in the room once a day every afternoon at the Clinic. 

The general wastes are collected by the municipal garbage truck every Tuesday morning. The 

syringes and other infectious and hazardous wastes are treated first before putting on a safety 

box (biohazard). All the hazardous and infectious wastes are buried behind the clinic. 

Reuse and Recycle 

Not all solid wastes are disposed. There are hospital wastes that are reused and recycled. The 

different ways of the health care units in Camiling are shown and described below. 

Table 8: Reuse and recycle of hospital wastes of the five health care units in Camiling, 

Tarlac 

Health Care Units (Hospitals, Health 

Center and Clinic) 

Reuse and Recycle System 

Public Hospital - Practiced recycling  

Private Hospital 1 - Practiced recycling 

- Treated material before reusing it 

Private Hospital 2 - Did not practice recycling 

- Treated material before reusing it 

Public Healthcare Center - Did not practice recycling 

- Treated material before reusing it 

Clinic - Did not practice recycling 

- Treated material before reusing it 
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The Public Hospital practiced recycling. Solid wastes like plastic and glass, syringes, cartons, 

and vials are cleaned and transformed into decorations. 

Private Hospital 1 treats the materials before reusing them. Wastes that were reused are gloves 

with no punctures or tears; those that were strong enough to be autoclaved; bonnets used during 

surgeries; left-over sutures at the operating room or delivery room; breakable bottles used with 

CTT; rubber-tubing used with suction machines; and CTT drainage. The hospital also recycles 

materials such as newspapers, cartons, empty water bottles, and IV plastic bottles. These 

recyclable wastes are sold by the maintenance personnel to junkshops. 

Supplies used by Private Hospital 2 are disposable for the safety of people around including 

patients except their medical instruments used. Medical instruments went through a process of 

treatment with the use of autoclave machines before they are reused. Recycling of waste is not 

practiced in Public Healthcare Center. Materials being reused are treated and autoclaved before 

reusing them. The Clinic did not practice recycling waste generated. Some of the materials 

were put into the autoclave for treatment before reusing it. 

Strategies in Implementing Waste Management Program 

The Public Hospital followed the Health Care Waste Management System or HCWM of its 

institution. This is the systematic administration of activities that provide for segregation at 

source, segregated transportation, storage, transfer, processing, treatment, and disposal of 

healthcare waste that do not harm the environment. This complies with the DOH Standards. 

The Private Hospital 1 Waste Management Program focused on source reduction by proper 

waste segregation, recycling, treatment, and residual disposal. Health Care Waste Minimization 

centered on how to reduce waste. This was done through reduction at source, which involved 

complete elimination of waste or lessening the waste generated. Reuse, recycling, and 

segregation of waste using the color coding scheme were done. To reduce waste at source the 

hospital purchased/selected supplies that were less wasteful and less hazardous. They used less 

hazardous methods in cleaning. To make their waste management program effective, they 

launched a massive educational and communication program for their staff. Periodic 

monitoring and evaluation of the program is done. 

No strategies or specific program in support of waste management program was provided by 

60% of the healthcare provider (Private Hospital 2, Public Healthcare Center, and the Clinic. 

But their segregation, storage, collection, and disposal of their wastes show that they adhere to 

the RA 9003 and DOH standards. 

 

CONCLUSIONS 

The adherence of the healthcare providers in Camiling, Tarlac to RA 9003 or the Ecological 

Solid Waste Management Act of 2000 and the DOH standards had fully prevented human 

health deterioration in the community but not land degradation. Their responsibility of ensuring 

that there is no adverse health in their management of healthcare wastes was because they 

consider first the health and occupational safety of the people. 
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Proper collection and disposal of solid wastes in the health care units have greatly helped in 

the control of insects, rodents, and filth bone diseases and prevented fire-cause hazards by 

instantaneous combustion in the dumpsite. Proper treatment and disposal however of hazardous 

and infectious wastes have prevented the short and long-term irreversible health risks. 

The off-site disposal of general residuals of the health care units in the Matubog dumpsite was 

along the stream of the household and commercial wastes of the Municipality. The infectious 

and hazardous wastes were treated and disposed of properly. However, burial as means of 

disposing of infectious wastes is not sustainable and the lack of a common disposal system of 

infectious and hazardous wastes was practiced by the hospitals. 

Between private and public health care units, the private hospitals were more conscientious in 

implementing their waste management program. The limited resources, facilities, and 

manpower while catering to more number of patients may be the reasons for the poor 

implementation of public hospitals in private hospitals.  

 

RECOMMENDATIONS 

Big or small institutions should have waste management written policies for the proper disposal 

of healthcare waste and strictly follow them. The Camiling Health Center should have concrete 

rules and regulations regarding healthcare waste management. Each unit should have a waste 

minimization written policy with specific goals, objectives, and timeliness to have a successful 

and sustainable waste management program. 

The health care owners/administrators should not only consider burial ways of disposing of 

infectious wastes. Less permeable material should cover the burial pits to avoid seepage of 

liquid infectious wastes to the groundwater table and other run-offs. They should also consider 

other treatment methods such as radiation technology, encapsulation, inertization, etc. aside 

from the usual chlorination process that they employ to ensure the minimization of infection 

or widespread disease. 

The Municipality of Camiling should allocate financial resources for the proper collection of 

hospital wastes. They have to ensure that hospital waste bags are properly labeled before 

collecting by their dump trucks. Healthcare wastes should be separately collected and disposed 

of from the residuals generated by the community. The Municipality should design and build a 

sanitary landfill, unlike the open dumping at Brgy. Matubog. Relocation of the dumpsite is 

worth reconsidering. 

Government hospitals should allocate bigger funds for their waste management program. A 

stricter policy should be drafted and followed. It should also be part of their mission and goals. 

It should be a way of life for the healthcare providers. They have to be competitive with the 

private hospitals in implementing waste minimization programs. 
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ABSTRACT 
Aflatoxin B1 (AFB1), which is a toxic compound produced by the filamentous fungus Aspergillus sp., is highly 
carcinogenic, damages vital organs, and may cause death. Prevention of aflatoxin poisoning through proper food 
storage and physical treatment is an added cost, thus there is a need to identify alternative methods including treatment 
with probiotic bacteria. We evaluated the effect of Lactobacillus bulgaricus on activating immune cells in mice exposed 
to Aflatoxin B1. The study used a post-test control design consisting of five treatment groups including a negative 
control, positive control, and T1, T2, and T3 groups treated with lactic acid bacteria at doses of 105 colony forming 
unit (CFU)/ml, 107 CFU/ml, and 109 CFU/ml, respectively, administered on days 7–28 and AFB1 at a dose of 0.2 mg/
kg bw orally on days 15–28. The relative number of lymphocytes consisting of CD11c+transforming growth factor-
beta (TGF-β)+, CD4+CD8+, and B220+IgG+, was measured using flow cytometry. The data were analyzed using a 
one-way analysis of variance test. The results indicated that L. bulgaricus bacteria increased the relative number of 
CD11c+TGF-β+, B220+IgG+, and CD4+CD8+ cells in mice exposed to the mycotoxin. Lactobacillus bulgaricus may 
function as an immunostimulator against mycotoxins by inducing the humoral and cellular immune response.

INTRODUCTION
Mycotoxins, such as aflatoxin B1 (AFB1), are secondary 

metabolites produced from filamentous fungi that are toxic, 
carcinogenic, and immunosuppressive to animals and humans. 
The estimated world production of feed contaminated with fungus 
is approximately 5%–10% (Oswald et al., 2005; Qian et al., 2012; 
Tomkova et al., 2001). Aflatoxin reportedly caused up to 100,000 
turkey deaths following the consumption of contaminated peanut 
mushrooms. Broiler feed contaminated with a mycotoxin mixture (3.5 
mg/kg diet as 79% of AFB1, 16% AFG1, 4% AFG2, and 1% AFB2) 

can lead to weight loss and inflammation of the liver and kidneys. 
Aflatoxin B1 is a potent agent that causes immunosuppression in pigs 
at a dose of 140–280 µg/kg of feed by inhibiting DNA synthesis and 
immune cells, such as lymphocytes, but does not affect the humoral 
immune response (Perczak et al., 2018; Pierron et al., 2016).

Aflatoxin B1 suppresses the cellular immune system, 
in particular T lymphocytes, because of decreased complement 
production by the liver, phagocytosis by macrophages, and 
neutrophil activity (Perdigon et al., 2001). T lymphocytes affected 
by the toxin, as well as other lymphoid cells, such as cytotoxic 
T cells and natural killer cells, can promote tumor cell function 
directly or indirectly. The cellular components of the immune 
system produce cytokines for protection against tumor progression; 
however, cytokines may also play a role in the inflammation 
mechanism that causes damage to various organs (Ibrahim, 2013).

Methods such as heating, chemical treatment, or 
radiation can destroy and eliminate mycotoxin (Zain, 2011); 
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however, the cost is prohibitive and it may impair the nutritional 
value of the feed. The decline in fungal growth may increase 
during feed production or storage (Munoz et al., 2010). Lactic 
acid bacteria (LAB) may exhibit antifungal activity, especially 
Lactobacillus sp (Sadiq et al., 2019). Lactobacillus pentosus and 
Lactobacillus brevis bacterial strains at a concentration of 3.5 × 
108 colony forming unit (CFU)/ml can bind and release aflatoxin 
B1 by 17.4% and 34.7%, respectively, in liquid media as measured 
by ELISA (Hamidi et al., 2013).

Microorganisms, such as Saccharomyces cerevisiae and 
LAB, may be used as biopreservatives in feeds, so it is possible 
to extend the shelf-life and increase food safety with microflora 
supplementation. Antimicrobial products of microorganisms 
also have potential as probiotics and may improve health 
(Tran et al., 2020); however, there is limited data demonstrating 
the immunostimulating effects of LAB. Therefore, we evaluated 
the effect of LAB on the cellular and humoral immunity  
profile of mice.

MATERIAL AND METHODS

Preparation of animal 
Male mice (Mus musculus), strain Balb/c aged 8–12 

weeks (n = 25), with a body weight of 25–30 g, were obtained 
from Brawijaya University’s bioscience laboratory and divided 
into five groups (five mice/group). The treatment groups consisted 
of a positive control (mice induced with AFB1 0.2 mg/kg bw 
on days 15–28), negative control (healthy mice), and treatment 
groups, T1, T2, and T3 in which mice were administered 1 × 105 
CFU/ml, 1 × 107 CFU/ml, and 1 × 109 CFU/ml of LAB on days 
7–28, respectively. 

Bacterial suspension preparation
Lactobacillus bulgaricus (LAB) was obtained from the 

Microbiology Laboratory of the Faculty of Medicine, Universitas 
Brawijaya, and confirmed by biochemical tests and Gram staining. 
The bacteria were grown on de Man, Rogosa, and Sharpe (MRS) 
agar media at 37°C for 24 hours. A bacterial suspension was 
prepared using MRS broth media and the bacterial concentrations 
were measured using a spectrophotometer. The bacteria were 
diluted with phosphate buffer saline (PBS) for the experiments.

Aflatoxin B1 preparation 
Aflatoxin B1 (Sigma Company catalog: A6636®) is potent 

with respect to acute toxicity, mutagenicity, and carcinogenicity, 
and one vial of AFB1 contained 5 mg of powder. AFB1 (0.2 mg/kg 
BW) was diluted in 1 ml PBS, pH 7.2 (Qian et al., 2012).

Flow cytometry
The mice were sacrificed on day 29 by cervical 

dislocation. Spleens were harvested, placed into a petri dish 
containing sterile PBS, and crushed with the base of a syringe. 10 
ml homogenates of the sample were prepared in a volume of 10 
ml, centrifuged, and the pellets were resuspended in 1 ml PBS by 
pipetting (Ardiana and Rifa’i, 2015). 

Then, 100 μl of the suspension was placed into a 
microtube; 500 μl of PBS was added; and the mixture was 
centrifuged at 2,500 rpm for 5 minutes at 4°C. Then, 50 µl of 
PE/Cy5 conjugated rat anti-mouse Cd11c, PECy5 conjugated rat 

anti-mouse transforming growth factor-beta (TGF-β), fluorescein 
isothiocyanate (FITC) conjugated rat anti-mouse CD4, PE 
conjugated rat anti-mouse CD8, FITC conjugated rat anti-mouse 
B220, and PECy5 conjugated rat anti-mouse IgG (Biolegend®, San 
Diego) were added to the cells and incubated for 20 minutes in 4°C 
(8). Afterward, 50 µl of cytofix (BD Biosciences Pharmingen) was 
added and incubated for 20 minutes in 4°C; wash perm solution 
(BioLegend®, USA) was added; and the mixture was centrifuged 
at 2,500 rpm at 10°C for 10 minutes. The cells were analyzed by 
flow cytometry (BD FACSCalibur, USA) using BD Cellquest 
ProTM software. 

Statistical analysis
The data are presented as the relative number of 

immune cells (CD11c+TGFβ+, CD4+CD8+, and B220+IgG+). 
Data were analyzed statistically using one-way analysis of 
variance (ANOVA) with an error level of α = 0.05, followed by  
Tukey’s test.

RESULTS

CD11c+TGF-β+ cells
The results indicated that supplementation of the mice 

with LAB induced by AFB1 increased the relative number of 
CD11c+ cells that produce TGFβ+ (Fig. 1). In the positive control 
group, the relative number of CD11c+ expressing molecule 
TGF-β+ (1.75%) was different, but no significance was observed 
when compared with the negative control (0.91%). All treatment 
groups (T1, T2, and T3) administered LAB at a 105–109 CFU/
ml concentration showed an increase in the relative number of 
CD11c+TGF-β+ cells by 2.05% 3.14%, and 3.06%, respectively, 
when compared to the negative and positive controls, as shown in 
Figure 1.

CD4+CD8+ cells
The results showed that the supplementation with LAB 

in mice induced with AFB1 increased the relative number of 
CD4+CD8+ cells in all treatment groups, but the amount did not 
significantly differ and was similar to that of the negative control, 
as shown in Figure 2. The negative control was higher when 
compared with the positive control.

B220+IgG+ cells
The results showed significant differences in the relative 

number of B220+-expressing IgG+ cells in all the treatment 
groups following supplementation with LAB after induction with 
AFB1. The negative control group (24.56%) was significantly 
different from the positive control group (5.76%), which showed 
a relatively higher number of B220+IgG+ cells compared with the 
positive control. There was an increase in the relative number in 
all treatment groups (7.44%, 10.26%, and 7.67% for T1, T2, and 
T3, respectively), as shown in Figure 3.

DISCUSSION

Effect of LAB on the relative number of CD11c+TGF-β+ cells
The results indicated that the relative number of CD11c+ 

cells that expressed TGF-β was different, but there was no 
significant between the treatment groups; however, a 107 CFU/ml 
concentration of LAB increased the average of CD11c+TGF-β+ 
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cells in all treatments. Mycotoxin exposure decreased the relative 
amount of CD11c+TGF-β+ cells. Mycotoxin AF1 altered or 
decreased anti-inflammatory cytokine synthesis by inhibiting 
macrophage or T cell activation. In fact, mycotoxin inhibits the 
synthesis and proliferation of T cells, which prevents macrophage 
cells from producing anti-inflammatory cytokines. Mycotoxin is 
cytotoxic to lymphocytes by interfering with lymphocyte receptors 
or lymphocyte function (Tran et al., 2020). A study by Murugesan 
et al. (2015) revealed that mycotoxin was not immunogenic. It 
could not induce an immune response to pathogens, but interfered 
with mitogen-activated protein kinase signaling to modulate cell 
growth, apoptosis, or the immune response. This could expose an 
individual to a high risk of infection.

Dendritic cells (DC) and CD11c markers are antigen-
presenting cells (APCs) that are regulated specifically and 
nonspecifically by immune cells found in the lamina propria of 
the small intestine and gut-associated lymphoid tissues, such as 

the Peyer’s patches. Most dendritic cells (DCs) are present in an 
immature condition and are less immunogenic because of the 
low expression of MHC costimulators. Contact with pathogen-
associated molecular patterns (PAMPs) or other signals induces 
the pattern recognition receptor (PRR) signal and activates the 
NF-κB pathway, resulting in maturation and activation of DC cells 
(Wells, 2011). Mature DCs may then express high MHC levels, 
costimulatory molecules, and cytokines which attenuate APC 
activation and differentiation of T cells to cause inflammation 
(Mohamadzadeh et al., 2005). DCs exposed to AFB1 cannot 
respond correctly to any invading microbes and fails to initiate 
antigen presentation to activated T cells that are susceptible to 
pathogenic agents (Mohammadi et al., 2014).

The anti-inflammatory cytokine, TGF-β, inhibits the 
proliferation of fibroblast epithelial cells, dendritic cells, and 
macrophages to produce inflammatory cytokines and controls 
cell growth through adhesion and extracellular matrix formation 
(Hussain et al., 2018). Exposure to mycotoxin could stimulate 
CD11c+ cells to activate inflammatory pathways that TGF-β may 
have suppressed. Oral exposure to LAB concentrations of 105 
CFU/ml could activate inflammatory cytokines, such as TGF-β, 
in DCs, which may inhibit CD11c+ cell activity. This was evident 
in the T1 and T2 group, prior to an observed decrease in the T3 
group. According to Vindirelo and Alberto (2015), the higher the 
concentration of cell bacteria, the greater the binding capacity of 
AFB1 in liquid media in vitro. The concentration of bacteria that 
can bind AFB1 was 1010 CFU/ml for L. rhamnosus GG, L. casei 
Shirota, Propionibacterium freudenreichii ssp. shermanii JS, and 
Escherichia coli. Probiotics have an immunomodulatory effect 
on the release of cytokines, interleukins, tumor necrosis factor, 
transforming growth factor, and chemokines from immune cells 
that play a role in the innate and adaptive immune systems. LAB 
may interact with enterocytes and DCs, Th1/Th2 cytokines, or T 
reg cells in the intestine to stimulate the adaptive immune response 
into a proinflammatory or anti-inflammatory action (Azad et al., 
2018; Mohamadzadeh et al., 2005).

Mycotoxin AFB1 exerts toxicity because it is readily 
absorbed by the intestine and rapidly binds to serum protein. AFB1 is 

Figure 1. Flow cytometry analysis shows that giving LAB showed an increase 
in the relative number of CD11c+TGF-β+ cells (p < 0.05), but was not 
significantly different between treatments. There was an increase in the number 
when compared with the positive control. The highest average increase was 
seen in the T2 treatment. The treatment groups are: C- (healthy mice), C+ (mice 
induced with AFB1), and treatment groups, T1, T2, and T3 in which mice were 
administered with AFB1 and 1 × 105 CFU/ml, 1 × 107 CFU/ml, and 1 × 109 
CFU/ml of LAB on days 7–28, respectively.

Figure 2. Treatment with LAB showed an increase in the relative number of 
CD4+CD8+ cells for all treatments, which did not differ significantly (p < 0.05). 
The treatment groups are: C- (healthy mice), C+ (mice induced with AFB1), and 
treatment groups, T1, T2, and T3 in which mice were administered with AFB1 
and 1 × 105 CFU/ml, 1 × 107 CFU/ml, and 1 × 109 CFU/ml of LAB on days 
7–28, respectively.

Figure 3. Treatment with LAB showed an increase in the relative number of 
CD4+CD8+ cells for all treatments, which did not differ significantly (p < 0.05). 
The treatment groups are: C- (healthy mice), C+ (mice induced with AFB1), and 
treatment groups, T1, T2, and T3 in which mice were administered with AFB1 
and 1 × 105 CFU/ml, 1 × 107 CFU/ml, and 1 × 109 CFU/ml of LAB on days 
7–28, respectively.
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genotoxic and immunogenic in animals (Zimmermann et al., 2014). 
Mycotoxin can activate the microbial intestine, and mycotoxin 
adsorption–desorption is highly dependent on the intestinal 
environment and digestive enzymes. The LAB, L. rhamnosus 
RC007, stimulates pH, salts, enzymes, and peristalsis at each stage 
of AFB1 absorption in the digestive tract. Saliva secretion results 
in low adsorption and high AFB1 reabsorption. Gastric fluids and 
intestinal fluids do not decrease the AFB1 adsorption of LAB, rather 
they stimulate higher AFB1 adsorption (Sadiq et al., 2019).

Metabolic LAB products inhibit aflatoxin biosynthesis. 
Heterofermented LAB, such as L. bulgaricus, produce a high 
level of acetic acid and propionic acid at acidic pH (Vinderola and 
Ritieni, 2015). The mechanism of action of LAB is to inactivate 
the fungal membrane and inhibit the absorption of amino acids 
and inactivated products from fungi, such as acetic acid (Perczak 
et al., 2018). Bacteria and yeasts may neutralize mycotoxins in 
the body by reshuffling, transforming, and breaking them down 
into nontoxic metabolic products or inactive forms (Murugesan 
et al., 2015). LAB binds mycotoxins to prevent further absorption 
by the intestine, which are then secreted with feces (Adilah et al., 
2018). LAB walls contain peptidoglycans that could interact with 
mutagenic compounds, including mycotoxins, through binding to 
reduce stability and bioavailability, and stimulate the secretion of 
anti-inflammatory cytokines by macrophages (Niderkorn et al., 2009; 
Tabari et al., 2018). LAB’s capacity to bind mycotoxins would be 
optimal when the bacteria cells die due to a change in the cell surface. 
Live LABs require a long time to release mycotoxin from the body 
(Perczak et al., 2018). Cell wall protein denaturation may function 
by creating a broader area to absorb mycotoxins (Tabari et al., 2018). 
The proteins in the ribosomes, nucleus, chromosomes, cytosol, and 
cellular cytoskeleton components support the forming of the cell wall 
of bacteria in the exponential growth phase.

On the contrary, binding between the cell wall of LAB 
with mycotoxin takes place at the beginning of the end of the 
bacterial growth cycle (Moller et al., 2021). AFB1 could bind 
to the cell wall β-d-glucan through hydrogen or van der Waals 
bonds. Absorption of AFB1 toxin depends on the availability of 
the number of binding sites on the surface of microbes, and the 
equilibrium constant [K (eq)], which could change as a result of 
genetic, physical, or chemical alterations (Sadiq et al., 2019).

LAB may act as an anti-inflammatory agent, resulting 
in the reduction of oxidative stress from AFB1 exposure  
(Abbes et al., 2016). Probiotics could also stimulate T cell subsets, 
humoral immune cells, epithelial-associated dendritic cells, and 
macrophages to increase anti-inflammatory cytokine products Braat  
et al., 2004. The entry of LABs into the body may increase the capacity 
and phagocytic receptors of leukocyte cells, especially complement 
receptor 3 (CR3), for bluffing respiratory bursts (Bravo et al., 2019).

Effect of LAB on the relative number of CD4+/CD8+ cells
Our results showed that the administration of LAB (L. 

bulgaricus) had an effect on the relative number of CD4+/CD8+ 
immunocompetent cells in mice induced with aflatoxin B1 in the 
treatment groups (p > 0.05) based on a Kruskal–Wallis test. The 
negative control group had a higher relative number of CD4+/CD8+ 
T cells than the positive group. This result is consistent with that 
of Qian et al. (2012), in which the administration of AFB1 to mice 
orally for 24 hours reduced CD3 T cells in the intestinal mucosa. 

AFB1 caused a decrease in the cellular immune response to the 
specific dose and duration treatments (Zimmermann et al., 2014). 
A low dose of mycotoxin could induce an inflammatory response 
if activated by enzymes, such as inflammatory inhibitors (Hussain  
et al., 2018). Mycotoxin AFB1 may undergo systemic hydrolysis and 
further activate metabolism. Phase metabolism includes conjugation 
with glucuronic acid and sulfate by the whole-cell biotransformation 
system during immune cell communication (Tran et al., 2020).

High LAB concentrations could increase naive T lymphocyte 
activation and proliferation as well as memory T cells (Wells et al., 
2011). Upon entering the body, an antigen is presented by DCs in 
the digestive tract mucosa (CD11c). Histocompatibility complex 
class II molecules combined with the expression of costimulatory 
molecules and cytokines (Gaudinoand Kumar, 2019) and activation 
of T lymphocytes. As a cellular defense, T cells may differentiate into 
a subset of T1 that activates macrophages. Macrophages and APCs 
induce T cells to secrete inflammatory cytokines that cause tissue 
damage (Mohamadzadeh et al., 2005). The T1, T2, and T3 groups 
had a higher relative amount of CD4+/CD8+ T cells compared with 
the positive control group  is shown in Figure 2. 

LAB may act as an antifungal agent because it contains 
metabolites, such as organic acids, carboxylic acids, phenolic 
acids, cyclic dipeptides, hydrogen peroxide, and compounds that 
inhibit sporulation, which may decrease mycotoxin production 
(Sadiq et al., 2019). LAB at concentrations of 105 CFU/ml could 
activate T lymphocyte cells in all groups compared with the 
positive control group. These results were consistent with that 
reported by Tsai et al. (2012) in which LAB activates the cellular 
adaptive immune response.

THE EFFECT OF LAB ON THE RELATIVE NUMBER  
OF B220+IGG+ CELLS

Our results showed that B220+ cells expressing IgG 
in the negative control group was higher compared with the 
positive group, whereas it was not significantly different among 
all of the treatment groups. The average of B220 cells expressing 
IgG increased after LAB administration. Mycotoxin can reduce 
immunoglobulin production in chicken feed supplemented with 
AFB1 (Nazarizadeh and Pourreza, 2019). LAB stimulates the 
humoral immune response by increased circulating antibodies 
and levels of plaque-forming cells in the host when exposed to 
mycotoxin (Abbes et al., 2015). LAB can absorb and eliminate 
mycotoxin to prevent intestinal absorption and reduce liver 
damage, which is a target of mycotoxin. Upon entering the host 
orally, mycotoxin stimulates the secretion of immunoglobulin A 
(IgA) in the digestive mucosa and antibody IgG in the circulation. 
IgG represents a secondary response to protect the body against 
foreign antigens (Chen and Tsai, 2011). 

In the normal intestinal epithelium, microflora bacteria 
act as a barrier antigen. However, when epithelial cells are 
degraded by infectious and noninfectious substances, alterations in 
intestinal permeability and inflammation of the intestinal mucosa 
occur. The inflammatory response that occurs in the intestine 
activates IgG antibodies and causes translocation of the microflora 
bacteria (Paludan et al., 2020).

LAB plays a role in the body to activate the immune 
response by inducing the formation of Secretory IgA (SIgA) and 
producing vitamins (Wold, 2001). Antibody SIgA is dominant in the 
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mucous membrane, which is the first defense immune system against 
a dangerous environment. SIgA antibodies play a role in neutralizing 
toxins, viruses, salivary exotoxins, and eliminating pathogenic 
microbes (Hayati et al., 2018). Lactobacillus bacteria and other 
probiotics are commensal microorganisms that interact with the 
mucosa or the immune cells. LAB stimulates specific functions of the 
mucosal immune system and produces secretory IgA. The presence 
of receptors, such as Toll-like receptors, nucleotide oligomerization 
domain-like receptors, and C-type lectin receptors may stimulate 
Lactobacillus. Lactobacillus associates with microbe-associated 
molecular patterns to activate APC and modulate their function 
through the expression of surface receptors, secretion of cytokines 
and chemokines, and other nonspecific immune effector cells 
(Mohamadzadeh et al., 2005). Our results indicate that there was 
an increase in the relative number of IgG+ cells resulting from LAB 
induction in mice exposed to mycotoxin. This is consistent with the 
results obtained by Tran et al. (2020) in which IgG levels in the serum 
of Balb/c mice increased when Lactobacillus was administered for 
7 days (infected with Salmonella typhimurium bacteria). DCs play 
a role in the adaptive immune response. LAB stimulates DC cells 
to activate specific immune responses in the intestinal mucosa to 
maintain homeostasis, protect against pathogenic microbes, and 
maintain intestinal permeability (Mohamadzadeh et al., 2005). LAB 
increases the cellular and nonspecific humoral immune response in 
mice exposed to mycotoxin AFB1.

CONCLUSION
L. bulgaricus bacteria exhibited a potent effect as an 

immunostimulator resulting from exposure to mycotoxin AFB1.
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Abstract
AIM: This study intended to investigate the regenerate wound, due to the ointment therapy containing Gliricidia 
sepium leaves that has potential-induced epidermal stem cells producing. It determined its effect on the expression 
of transforming growth factor-β1 (TGF-β1), Smad-3, β-catenin, LGR-6.

MATERIALS AND METHODS: About 16 Wistar male rats aged approximately 2 months (150–200g) were used 
and were divided into four treatment groups (T1, positive control; T2, negative control; T3, wounds treated with 
G.  sepium from Indonesia; and T4, wounds treated with G. sepium from the Philippines). The treatment of ointment 
was applied to the wound for 3 days. The expression of TGF-β1, Smad-3, β-catenin, and LGR-6 was observed by 
immunohistochemistry staining.

RESULTS: G. sepium leaves significantly (p < 0.05) upregulated the expression of TGF-β1, Smad-3, β-catenin, 
and LGR-6 in the group treated with Indonesian G. sepium leaves were higher than that in the group treated with 
G.  sepium leaves from the Philippines.

CONCLUSIONS: Both leaves Varian contain flavonoids, saponins, and tannins, which act as producing epidermal 
stem cell agents to enhance the wound healing process. It can be concluded that both Gl. sepium Varian Indonesia 
and the Philippines have a potential effect on wound healing.
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Introduction

Wounds are the destruction of body tissue [1]. 
Wounds occur in the cutaneous that cause damage 
to the skin epithelium or the disruption of the normal 
anatomical structure of the tissue due to trauma [2]. 
After the injury, cutaneous integrity must be promptly 
restored to maintain its functions. In this process, 
cutaneous wound healing is an important step for 
survival, completing in wound closure [3].

Cutaneous wound healing is a complex process 
of devitalizing missing cellular structures [4] [5]. The 
process of tissue repair occurs due to the repair and 
regenerative abilities of cutaneous tissue. It is related 
to epidermal stem cells [6]. Epidermal stem cells are 
multipotent cell types, where the amounts of LGR-6, 
β-catenin, transforming growth factor-β1 (TGF-β1), 

and Smad3 protein. These proteins are produced 
in response to optimally wound healing of tissue 
damage [7], [8], [9], [10], [11], [12], [13].

A balance of cellular processes is necessary to 
maintain tissue homeostasis. TGF-β is a cytokine that plays 
an important role in regulating several cellular processes, 
including self-renewal and cell differentiation [14]. Smad2 
and Smad3 are transcription factors in the TGF- branch 
through binding between the ligands and the TGF-
β1 receptor [15]. TGF-β ligands activate the Smad2/3 
intracellular pathway and promote wound contraction 
resulting in a reduction wound’s size area [16], [17].

β-Catenin/Wnt could enhance the healing 
process. A7B5-Catenin regulates fibroblast behavior 
during the proliferative phase of dermal wound 
repair [18]. Lgr6 belongs to the type B family of 
LGR proteins, which have been intensively studied 
as markers and regulators of adult stem cells [19]. 

Since 2002
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Enhancing β-Catenin results to strengthen the 
β-Catenin/Wnt signaling pathway [20].

Nowadays, wound therapies are limited, 
therefore finding to develop better therapeutic strategies 
is occurring. According to the World Health Organization, 
80% of Asian and African populations use traditional 
medicine or herbal medicine in their healthcare needs, 
due to easy and low side effects [21]. Leaves are parts 
that are often used as herbal medicines, one of which 
is Gliricidia sepium (G. sepium) leaves. G. sepium 
is a legume plant belonging to the family Fabaceae 
and is found widely in subtropical and tropical areas, 
such as in Indonesia and the Philippines [22]. Molina-
Botero et al. studied its active substances, including 
flavonoids, saponins, tannins, alkaloids, polyphenols, 
hydroxyl acid, and coumarin [23]. Aulanni’am et al. use 
G. sepium leaves can heal excision wounds with their 
anti-inflammatory effect because it contains bioactive 

compounds to enhance the wound healing process 
[24]. According to research by Carandang et al. wound 
treated with 7.5% gel G. sepium on excision wound is 
safe, effective, and stable [25].

Hence, this study was performed to further 
determine the efficacy of G. sepium leaves as a wound-
healing agent based on the evidence of increased potential 
of the epidermal stem cells as well as increased expression 
of TGF-β1, Smad3, β-catenin, and LGR-6 protein.

Materials and Methods

Animals and ethical approval

Inbred male Rattus norvegicus used in this 
study were obtained from Institut Biosains Laboratory. 

Figure 1: Histological sections of the wound on the 3rd day after wounding in rats were stained either by immunohistochemistry or counterstained 
with Haematoxylin with antibodies against transforming growth factor-β1. (T1) positive control treated with a commercial wound healing agent; 
(T2) negative control; (T3) treated with Gliricidia sepium from Indonesia; (T4) treated with Gliricidia sepium from the Philippines
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Rats are approximately 2 months old and weigh 
150–200 g. The experimental procedures applied in 
this study were approved by the Brawijaya University 
Research Ethics Committee (No. 1004-KEP-UB).

Study period

The research was conducted at the Animal 
Disease and Diagnostic Laboratory, Faculty of 
Veterinary Medicine, Brawijaya University, Malang, 
Indonesia, from May to October 2020.

Experimental design

This experiment used a completely randomized 
experimental design. Rats were divided into four 
treatment groups comprising four rats per group as 

follows: T1, positive control, treated with a commercial 
wound healing agent; T2, negative control; T3, wounds 
treated with G. sepium from Indonesia; and T4, wounds 
treated with G. sepium from the Philippines. The rats 
were anesthetized with an intramuscular injection of 
ketamine (10 mg/kg body weight).

Gliricidia sepium preparation and wound 
treatment

G. sepium leaves from Indonesia and the 
Philippines were identified in the Plant Taxonomy 
Laboratory of the Biology Department, Brawijaya 
University. All leaves were dry-aired and grounded into 
a powder. After that, powder the ointment by adding 
petroleum jelly. The ointment was put into the wounds 
for 3 days.

Figure 2: Histological sections of the wound on the 3rd day after wounding in rats were stained either by immunohistochemistry or counterstained 
with Haematoxylin with antibodies against Smad3. (T1) positive control treated with a commercial wound healing agent; (T2) negative control; 
(T3) treated with Gliricidia sepium from Indonesia; (T4) treated with Gliricidia sepium from the Philippines
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Measurement of LGR-6, beta-catenin, 
transforming growth factor-β1, smad-3 expression 
by immunohistochemistry

Skin samples were processed in the standard 
protocol of fixation, embedding, deparaffinization, 
labeling primary antibody (TGF-β1, Smad-3. β-catenin, 
Lgr-6) and secondary antibody, counterstaining. An 
immunohistochemistry technique was performed to 
analyze TGF-β1, Smad3. β-catenin, LGR-6 expression 
based on the previous methods [26].

Statistical analysis

Statistical analyses were using SPSS software 
version 14.0 (IBM, USA). The data were analyzed with 
a one-way analysis of variance and a Tukey test with 

α = 0.05 to determine differences between the treatment 
groups.

Results and Discussion

Effect of an ointment containing G. sepium 
leaves on TGF-β1, Smad3, β-catenin, LGR-6 expression 
in immunohistochemistry evaluations, the positive 
cells show brown color. Immunostaining intensity for 
TGF-β1, Smad3, β-catenin, and LGR-6 was moderate 
to strong for both extracts in the treatment group. As 
shown in Figures 1-4, TGF-β1, Smad3, β-catenin, and 
LGR-6 immunoreactivity was higher in both extracts 

Figure 3: Histological sections of the wound on the 3rd day after wounding in rats were stained either by immunohistochemistry or counterstained 
with Haematoxylin with antibodies against β-catenin. (T1) positive control treated with a commercial wound healing agent; (T2) negative 
control; (T3) treated with Gliricidia sepium from Indonesia; (T4) treated with Gliricidia sepium from the Philippines
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treated than in the control group. The treatment group 
had shown a significant increase in H-SCORE than the 
control group (p < 0.05, Table 1).

Table  1:  The  expression  of  transforming  growth  factor-β1, 
Smad-3, Beta-catenin and LGR-6
Group TGF-β1 Smad-3 β-catenin LGR-6
T1 8.33 ± 2.16b 7.33 ± 2.58a 8.17 ± 1.83b 5.17 ± 2.56a

T2 2.83 ± 1.72a 3.50 ± 1.87ab 3.17 ± 1.94a 4.86 ± 2.48a

T3 9.17 ± 1.60b 13.33 ± 2.42c 12.33 ± 2.58c 12.00 ± 2.10b

T4 8.17 ± 2.32b 10.00 ± 2.83b,c 10.83 ± 2.48b,c 10.33 ± 2.16b

T1: Positive control, T2: Negative control, T3: Wounds treated with G. sepium from Indonesia, T4: Wounds 
treated with G. sepium from the Philippines. TGF-β1: Transforming growth factor-β1, G. sepium: Gliricidia 
sepium

The result of Smad3, β-catenin, LGR-6, and 
TGF-β1 expression in this study are shown in Table 1. 
The Smad3, β-catenin, LGR-6, and TGF-β1 expression 
level in the negative control group (T2) were obtained 
below the expression level in the positive group (T1) 

and the treated group (T3 and T4). Normally, epidermal 
stem cells in normal conditions act to maintain the 
skin homeostasis that displaces the lost keratinocyte 
through normal differentiation and tissue turnover [27]. 
After treatment, the treated group with G.sepium var. 
Indonesia and Philippine extract ointment increase 
TGF-β1 protein expression [28]. The release of TGF-β1 
happens at an early stage of the healing process to 
the recruitment of inflammatory cells into the injury 
area. TGF-β1 encourages the expression of vascular 
endothelial growth factor that improves the angiogenic 
process in the injured area and stimulates the fibroblast 
to contract for closing the wound [29], [30].

The Smad3 expression of the treatment group 
(T3 and T4) has significantly increased in this study. 
Smad family proteins are phosphorylated by TGF-β 
receptors and will activate Smad 3 pathways [31], [32], 

Figure 4: Histological sections of the wound on the 3rd day after wounding in rats were stained either by immunohistochemistry or counterstained 
with Haematoxylin with antibodies against LGR-6. (T1) positive control treated with a commercial wound healing agent; (T2) negative control; 
(T3) treated with Gliricidia sepium from Indonesia; (T4) treated with Gliricidia sepium from the Philippines
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[33]. TGF-β/Smad3 plays a role in the development of 
vascular reconstruction. It is important in the wound 
healing process [9].

Epidermal stem cells acquire the 
re-epithelialization process [34]. The treated group (T3 
and T4) showed an increase of β-catenin expression 
that indicates active Wnt signaling through β-catenin. 
Wnt signaling through β-catenin plays a crucial role 
in skin regenerating [35]. Wnt/β-catenin signaling is 
the first molecular signal that is required to instruct 
epithelial cells [27].

Protein expression of LGR-6 also enhances 
after both treatments. LGR-6 is responsible as marker 
adult stem cells for fueling the renewal of the sebaceous 
gland and skin [36]. LGR-6 is also a Wnt downstream 
target gene. LGR-6 cells give rise during homeostatic 
growth [37], [38], [39]. In this study, the LGR-6 protein 
significantly increases both the treated group; it 
indicates that there is enhancement of epidermal stem 
cells to regenerate wounds.

The wound treated with G. sepium leaves 
Varian Indonesia showed increasing the protein 
expressions of epidermal stem cells, while wounds 
treated with G. sepium Varian the Philippines (T4). 
Both therapies showed a significant difference 
(p  <  0.05) compared with the positive control (T1). 
G.  sepium leaves Varian Indonesia and the Philippines 
contain active ingredients, such as flavonoids, 
saponins, tannins, and alkaloids that could enhance 
the epidermal stem cell function and stimulate healing 
the wound. Cutaneous wound healing is a vital 
physiological process that involves the cooperation of 
a variety of cell strains and their products [40], [41], 
[42], [43], [44], [45], [46].

We report here that G. sepium leaves extract 
ointment enhances the acquisition of epidermal stem 
cells in wound healing in vivo in a rat model. We 
demonstrated that G. sepium treatment significantly 
improved the expression of LGR-6, β-catenin, TGF-β1, 
and Smad3 protein in rat skin cells. These findings imply 
that G. sepium leaves extract to improve reprogramming 
efficiency and tissue regeneration.

Conclusions

These studies suggest that natural plant 
products from G. sepium leaf exhibit positive 
histopathological effects on in vivo wound healing 
in a rat model. Based on these findings, we suggest 
that G. sepium extracts potentially represent useful 
supplements for the regeneration of wound healing 
direct treatment, but this needs to be studied on tissue 
before animal models.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the major 
contributor to cancer deaths. In 2025, HCC 
cases are estimated to be about >1 million cases.1 
Predilection of HCC is formed by various factor 
such as viral infection with hepatitis B or C viruses 
(HCV), cirrhosis induced by alcohol consumption 
and other factor.2 Chronic HCV or cirrhosis lead 
abnormal proliferation of primary hepatic.3,4 
The liver cancer progression menchanism is 
cell proliferation. The liver cancer cells keep the 
abnormal proliferation by defense mechanism to 
apoptosis.5

Death receptor 5 (DR5) is pro-apoptotic protein 
member of the tumor necrosis factor (TNF) 
receptor superfamily, localized in cell surface.6 
DR5 bind to its ligand, TNF-related apoptosis 
inducing ligand (TRAIL) to activate the extrinsic 
apoptotic pathway.7 This apoptosis mechanism of 
DR5-TRAIL binding potential has been the focus 
of attention, due to selectivity to kill the cancer 
cell not the normal one.8 An in vitro study show 
that there is down-regulation expression of DR5 
in cancer cells (Elrod et al. 2010). The cell cancer 
has a defense mechanism against the apoptosis 
by resisting DR5 to bind the TRAIL.9,10 Therefore, 
compounds that can stimulate sensitivity DR5 
binding to TRAIL is need to be explored.

Plant derived compounds are promising anti 
cancer therapies by apoptosis.11 Azadirachta indica 
Juss. (Neem) plants have been used in ancient 
herbal medicine for the treatment of various 
diseases, particularly cancer.12,13 Compounds 
such as gedunin and nimbolide have anticancer 
properties.14–17 

Gedunin and nimbolide, neem limonoid, are one 
of the main chemical compounds found in the 
neem tree 14,18–20 Recent studies have shown that 
gedunin can inhibit the progression of cancer cell 
proliferation.21–23 Meanwhile, an in vitro study 
showed that nimbolide induction of growth arrest 
and apoptosis.19,24 

In the current study, we used in silico molecular 
docking method to analyze the interactions between 
the DR5-TRAIL as an important role in hepatoma 
cell and neem compounds to induce apoptosis.

MATERIALS AND METHODS

Ligands preparation
The chemical compound of mangosteen which 
consisted of gedunin (CID: 12004512) and nimbolide 
(CID: 12313376) were obtained from PubChem 
database (https://pubchem.ncbi.nlm.nih.gov/) in 
SDF format. Ligands energy were minimized and 
converted from SDF to PDB format by BIOVIA 
Discovery Studio Dassault systemes® 2019 (Figure 1).

Protein preparation
The protein structure was obtained from Protein 
Data Bank (PDB) (https://www.rcsb.org/) as a DR5-
TRAIL complex (PDB ID: 1D4V) (Figure…). The 
protein was then prepared for removing the ligands 
and water molecules by using BIOVIA Discovery 
Studio Dassault systemes® 2019.

Chemical interaction and 3D molecular 
visualization
Docking was conducted by HEX 8.0.0 software 
to predict the binding energy and possible ligand 
interactions and its receptor.25 In this project, we 

ABSTRACT
Hepatocellular carcinoma is a disease that occurs due to the uncontrolled growth of abnormal hepatocytes. 
While cancer cells will not die by itself, due to resistance to death receptors 5 (DR5)-mediated apoptosis. 
This study is aimed to investigate Azadirachta indica Juss. leaves compound, such as gedunin and 
nimbolide, in binding DR5 and stimulated the TNF-related apoptosis inducing ligand (TRAIL), native 
ligand binding to DR5, which has a role of pro-apoptotic by docking simulation. The ligand and protein 
preparations were done using Discovery Studio 2016 and Hex 8.0.0 for docking. Visualization was done 
using Discovery Studio 2016. The docking studies revealed that nimbolide has a lower binding energy with 
the DR5-TRAIL complex than gedunin. According to the findings, nimbolide is a more effective DR5-TRAIL 
binding inducer than gedunin and has a higher binding affinity for DR5-TRAIL. This interaction has the 
potential to significantly reduce DR5-TRAIL binding resistance. Nimbolide and gedunin can be considered 
as drugs that can sensitize TRAIL binding to DR5 and increase the activation of one of hepar cancers 
signaling apoptosis pathways. 
Key words: Azadirachta indica Juss., Cancer, Death receptor 5, Apoptosis, In silico.
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Interaction Name Distance (Å) Category Type Energy (kcal/mol)

DR5 (A) – TRAIL (B)

B:ARG121:NH2 - A:ASP90:OD1 4,15562 Electrostatic Attractive Charge

-846,53

B:ARG158:NH2 - A:GLU89:OE2 3,73783 Electrostatic Attractive Charge
B:ARG227:NH1 - A:ASP120:OD2 4,15265 Electrostatic Attractive Charge
B:ARG227:NH1 - A:GLU123:OE2 4,45712 Electrostatic Attractive Charge
A:ARG115:HH11 - B:GLU271:O 2,05744 Hydrogen Bond Conventional Hydrogen Bond
A:ARG115:HH21 - B:GLU271:O 1,66691 Hydrogen Bond Conventional Hydrogen Bond
A:SER121:HG - B:ASN228:O 2,68742 Hydrogen Bond Conventional Hydrogen Bond
B:GLN208:HN - A:GLU151:OE1 2,46377 Hydrogen Bond Conventional Hydrogen Bond
B:LYS224:HZ1 - A:ASP148:O 2,65532 Hydrogen Bond Conventional Hydrogen Bond
B:ARG227:HH21 - A:ARG118:O 2,2749 Hydrogen Bond Conventional Hydrogen Bond
A:GLU151:OE1 - B:TYR209 4,85661 Electrostatic Pi-Anion
A:LEU110:CD1 - B:PHE278 3,53824 Hydrophobic Pi-Sigma
A:LEU111:CD2 - B:PHE163 2,98737 Hydrophobic Pi-Sigma
A:LEU114:CD1 - B:TYR185 3,86078 Hydrophobic Pi-Sigma
A:LEU114:CD2 - B:TYR183 3,15595 Hydrophobic Pi-Sigma
A:ARG115:O - B:TYR243 2,17318 Other Pi-Lone Pair
B:HIS125 - A:PHE112 4,73791 Hydrophobic Pi-Pi Stacked
B:ALA226 - A:MET152 4,24296 Hydrophobic Alkyl
B:TYR243 - A:ARG115 4,45895 Hydrophobic Pi-Alkyl

DR5 –Gedunin

A:ARG145:HH12 - :UNK0:O1 2,62927 Hydrogen Bond Conventional Hydrogen Bond

-237.12

A:TRP173:HE1 - :UNK0:O4 1,96636 Hydrogen Bond Conventional Hydrogen Bond
A:ARG145:CD - :UNK0:O1 3,67468 Hydrogen Bond Carbon Hydrogen Bond
:UNK0:H46 - A:CYS137:O 2,15221 Hydrogen Bond Carbon Hydrogen Bond
:UNK0:H66 - A:THR135:O 2,55728 Hydrogen Bond Carbon Hydrogen Bond
A:VAL136:CG1 - :UNK0 3,16122 Hydrophobic Pi-Sigma
A:ARG145 - :UNK0 4,4262 Hydrophobic Alkyl
:UNK0:C24 - A:PRO150 4,45623 Hydrophobic Alkyl

DR5 (A)-Gedunin-
TRAIL (B)

B:ARG121:NH2 - A:ASP90:OD1 4,55422 Electrostatic Attractive Charge

-868,84

B:ARG158:NH2 - A:GLU89:OE2 4,44844 Electrostatic Attractive Charge
B:ARG227:NH1 - A:ASP120:OD2 4,26184 Electrostatic Attractive Charge
B:ARG227:NH1 - A:GLU123:OE2 4,50501 Electrostatic Attractive Charge
B:ARG227:NH2 - A:GLU123:OE1 5,58713 Electrostatic Attractive Charge
A:ARG115:HH11 - B:GLU271:O 1,97128 Hydrogen Bond Conventional Hydrogen Bond
A:ARG115:HH21 - B:GLU271:O 1,39071 Hydrogen Bond Conventional Hydrogen Bond
A:SER121:HG - B:ASN228:O 2,44347 Hydrogen Bond Conventional Hydrogen Bond
B:LYS224:HZ1 - A:ASP148:O 2,91092 Hydrogen Bond Conventional Hydrogen Bond
B:ARG227:HH21 - A:ARG118:O 2,32684 Electrostatic Pi-Cation
A:GLU151:OE1 - B:TYR209 3,9936 Electrostatic Pi-Anion
A:LEU110:CD2 - B:PHE278 3,23751 Hydrophobic Pi-Sigma
A:LEU111:CD2 - B:PHE163 3,48296 Hydrophobic Pi-Sigma
A:LEU114:CD2 - B:TYR183 3,58944 Hydrophobic Pi-Sigma
A:ARG115:O - B:TYR243 2,40532 Other Pi-Lone Pair
B:HIS125 - A:PHE112 5,01114 Hydrophobic Pi-Pi Stacked
B:ALA226 - A:MET152 4,11703 Hydrophobic Alkyl
B:TYR185 - A:LEU114 4,66379 Hydrophobic Pi-Alkyl
B:TYR243 - A:ARG115 4,65331 Hydrophobic Pi-Alkyl

DR5 - Nimbolide

A:ARG145:HH12 - :UNK0:O6 2,71593 Hydrogen Bond Conventional Hydrogen Bond

-247,7

:UNK0:H61 - A:ARG145:O 1,71481 Hydrogen Bond Carbon Hydrogen Bond
:UNK0:H61 - A:PRO172:O 2,01755 Hydrogen Bond Carbon Hydrogen Bond
:UNK0:H64 - A:GLU146:O 2,70192 Hydrogen Bond Carbon Hydrogen Bond
A:CYS139:SG - :UNK0 4,65808 Other Pi-Sulfur
:UNK0 - A:TRP173 5,9592 Hydrophobic Pi-Pi T-shaped
:UNK0:C34 - A:ARG145 3,88385 Hydrophobic Alkyl
:UNK0:C34 - A:PRO150 4,84724 Hydrophobic Alkyl
A:TRP173 - :UNK0 5,45953 Hydrophobic Pi-Alkyl
:UNK0 - A:ARG145 3,45812 Hydrophobic Pi-Alkyl

Table 1: Molecular interaction of DR5 amino acid residues among ligands.
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DR5 (A) – Nimbolide 
– TRAIL (B)

B:ARG121:NH2 - A:ASP90:OD1 4,47138 Electrostatic Attractive Charge

-874,96

B:ARG158:NH2 - A:GLU89:OE2 4,10473 Electrostatic Attractive Charge
B:ARG227:NH1 - A:ASP120:OD2 4,19337 Electrostatic Attractive Charge
B:ARG227:NH1 - A:GLU123:OE2 4,52691 Electrostatic Attractive Charge
B:ARG227:NH2 - A:GLU123:OE1 5,59371 Electrostatic Attractive Charge
A:ARG115:HH11 - B:GLU271:O 2,00735 Hydrogen Bond Conventional Hydrogen Bond
A:ARG115:HH21 - B:GLU271:O 1,52625 Hydrogen Bond Conventional Hydrogen Bond
A:SER121:HG - B:ASN228:O 2,59169 Hydrogen Bond Conventional Hydrogen Bond
B:GLN208:HN - A:GLU151:OE1 2,4509 Hydrogen Bond Conventional Hydrogen Bond
B:ARG227:HH21 - A:ARG118:O 2,26908 Hydrogen Bond Conventional Hydrogen Bond
A:GLU151:OE1 - B:TYR209 4,82039 Electrostatic Pi-Cation
A:LEU110:CD1 - B:PHE278 3,91833 Hydrophobic Pi-Sigma
A:LEU110:CD2 - B:PHE278 3,10911 Hydrophobic Pi-Sigma
A:LEU111:CD2 - B:PHE163 3,28832 Hydrophobic Pi-Sigma
A:LEU114:CD1 - B:TYR185 3,9988 Hydrophobic Pi-Sigma
A:LEU114:CD2 - B:TYR183 3,45255 Hydrophobic Pi-Sigma
A:ARG115:O - B:TYR243 2,33367 Other Pi-Lone Pair
B:HIS125 - A:PHE112 4,91888 Hydrophobic Pi-Pi Stacked
B:ALA226 - A:MET152 4,11085 Hydrophobic Alkyl

Figure 1: The chemical compound from neem: A) Gedunin (CID: 
12004512); B) Nimbolide (CID: 12313376); C) death receptor 5 (DR5) 
(PDB ID: 1D4V); D) tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL) (PDB ID: 1D4V).

established several interactions such as DR5-TRAIL, DR5-gedunin. 
DR5-nimbolide, DR5-gedunin-TRAIL and DR5-nimbolide-TRAIL. 
The correlation type used in this docking was Shape+Electro+DARS. 
Docking results were then visualized using BIOVIA Discovery Studio 
Dassault systemes® 2019 to analyze the interactions.

RESULTS AND DISCUSSION
TRAIL interacted on DR5 amino acid residues includes Glu 89, Asp90, 
Leu110, Leu111, Leu114, Phe112, Arg115, Arg118, Asp120, Ser121, 
Glu123, Glu127, Asp148, Glu151, Phe152 and Asn228 with total 
binding energy -846,53 kcal/mol (Table 1). 

Interaction between DR5 and gedunin established 4 hydrogen bonds 
and 3 hydrophobic bonds with total binding energy -237.12 kcal/mol 
(Table 1). Those interactions were bound with 5 amino acid residues 
such as Thr135, Cys137, Arg145, Pro150, and Trp173 outside of the 
DR5-TRAIL binding site (Figure 2). The DR5-gedunin complex 
interacted with TRAIL had total binding energy of -868.84 kcal/

mol (Table 1). This complex may enhance DR5 activity by forming 
4 hydrogen bonds in Arg115, Ser11 and Lys224 and one electrostatic 
interaction in Glu151 which are the active site of DR5 (Figure 2). 

Nimbolide interacted with 4 amino acid residues DR5 with total 
binding energy -247.7 kcal/mol (Table 1). Nimbolide forms hydrogen 
bonds with Arg145, Glu146 and Pro172 which indicate that there is 
a strong bond established between the ligand and active site of DR5 
located in Domains II (Figure 2). TRAIL, which interacted with the 
DR5-nimbolide complex had – 874.96 kcal/mol of total binding energy.

A hydrogen bond was formed in Arg115, Arg118, Ser121, and Glu151 at 
the active site of DR5 (Figure 3). There are two electrostatic interactions 
in Glu151, twice the gedunin binding. Electrostatic interactions with 
each other to form a stable binding.26 Just like the DR5-gedunin-
TRAIL complex, this complex may enhance DR5 activity. The thread 
of nimbolide before gedunin treatment showed the best result for 
compound combination to enhance DR5-TRAIL binding.

DR5 is a member of the tumor necrosis factor (TNF) receptor 
superfamily. DR5 has cytoplasmic death domains to induce cell 
apoptosis. The extracellular domain of the receptors is characterized by 
the concatenated cysteine-rich domains (CRDs) that are responsible 
for ligand binding. DR5 forms a multimer that activates the extrinsic 
apoptotic pathway.27,28 Inspection of the DR5 sequences shows in 
Domain 1 (D1) and in Domain 2 (D2). D2 is implicated as a major 
focus for TRAIL-binding specificity, with conservation. Domain 2 
starts from amino acid 137 until 179.29 

TRAIL (tumor necrosis factor-related apoptosis-inducing ligand) 
is the native ligand of receptor DR5, a cytokine that preferentially 
induces apoptosis in tumor cells compared with normal cells through 
two receptors (DR4 and DR5).9,30 TRAIL has selective induction of 
apoptosis in malignant cells via its receptor.2 TRAIL attracts great 
research interest for its selective induction of apoptosis in malignant 
cells via its receptors, DR5.31 The resistance TRAIL to bind the DR5 
implicate in a variety of human cancers such as hepatocarcinoma cells.32 

Lots of studies have evaluated the anti-cancer activity of nimbolide 
and gedunin. Recent studies have shown that gedunin can inhibit the 
proliferation of cancer cells including those of the prostate, ovary, and 
colon.21,22 Previous studies showed that gedunin and nimbolide increase 
the occurrence of apoptosis in cell cancer.23,33 Nimbolide inhibits a number 
of survival proteins, and upregulates the death receptors (DR) that interact 
with TRAIL, namely DR4 and DR5. The combined effects of nimbolide's 
actions increase the apoptotic consequences of TRAIL therapy.14,18 
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DR5-

Gedunin

DR5-

Nimbolide

Figure 2: DR5 binding with gedunin and nimbolide in 2D diagram ligand interaction.
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Figure 3: Binding location and interaction DR5 and ligands (DR5: green; TRAIL (native ligand): yellow; ligand: blue).
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This study showed that gedunin, nimbolide and a combination of TRAIL 
can bind in the active site of DR5 which means they can enhance DR5 
to bind with its ligands. Nimbolide and gedunin might increase the 
binding affinity between DR5 and TRAIL. Both nimbolide and gedunin 
decrease binding energy when DR5 is docked with TRAIL. Although 
gedunin was not bound in the active site of DR5-TRAIL, the binding 
site is still in the DR5 Domain II. Nearly all of these interactions bind 
the DR5 Domain II in amino acids 137-179 which shows that TRAIL 
binds to the DR5 Domain II participating in ligand binding. Domain 
2 is implicated as a major focus for DR5-TRAIL binding specificity.2 
These results indicate gedunin and nimbolide had the stable potential 
binding to DR5.

The docking results showed that nimbolide has lower binding energy 
than gedunin with DR-TRAIL complex. The data indicated that 
nimbolide has a higher potential DR5-TRAIL binding inducer than 
gedunin and a stronger binding affinity with DR5 (Table 1). The lower 
binding energy indicates more stable binding between the molecules 
than the molecule with higher binding energy.34 This interaction may 
potentially reduce the resistance of DR5-TRAIL binding.

When TRAIL binds to its receptor, DR5, it causes the receptor to 
trimerize and the intracellular death domain (DD) of the receptor to 
cluster, resulting in the development of the death-inducing signaling 
complex (DISC). The recruitment of FAS-associated death domain 
protein (FADD), and subsequent binding and activation of caspase-8 
and -10. Activated caspase-8 and -10 then cleaved caspase-3, causing the 
death substrates to be cleaved.35 However, their potential is stills need to be 
examined through further analysis to uncover the further potential.

CONCLUSION 
In summary, bioactive compounds from neem, such as gedunin and 
nimbolide have potential as inhibitors of the interaction between DR5 
and TRAIL as native ligands. These two compounds were proven to 
bind with DR5 in their ligand binding site. Nimbolide had shown the 
best results among other complexes that were tested with threads of 
nimbolide before TRAIL. Gedunin and nimbolide can be considered 
as drugs that can sensitize TRAIL binding to DR5 and increase the 
activation of one of hepar cancers signaling apoptosis pathways.
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Abstract   

In this time where health is priority and surges of microbial resistance is 

highly observed within the society, discovering new, effective and sustaina-

ble sources of potential pharmacologic products is highly significant. The 

study explored the antimicrobial potentials of the different parts of Bam-

busa blumeana (kawayang tinik), a common Philippine bamboo species, 

against selected pathogenic bacterial and fungal species utilizing minimum 

inhibitory concentration via agar well diffusion method. Results of the study 

showed that extracts of B. blumeana, specifically the leaf, rhizome, roots, 

inner and outer culms, are capable of inhibiting microbial growth at 0.06 to 

0.98 mg/ml concentrations. Specifically, the aqueous outer culm extract of 

B. blumeana proved to be most effective in inhibiting the growth of Pas-

teurella multocida at 0.24 mg/ml while Staphylococcus aureus and Escherich-

ia coli were most susceptible to ethanolic outer culm extracts at 0.06 mg/ml 

and 0.12 mg/ml respectively. Bacillus subtilis, on the other hand, was ob-

served to be the most sensitive to ethanolic root extracts at 0.06 mg/ml. 

Furthermore, Aspergillus niger was observed to be susceptible to ethanolic 

rhizome extract (0.24 mg/ml) while the ethanolic leaf, roots, inner and outer 

culms were equally effective in inhibiting Penicillium chrysogenum at 0.98 

mg/ml extract concentration. Phytochemical testing further revealed the 

presence of phenols and flavonoids in the different parts of the bamboo 

species which further support its potential as a new source of pharmaceuti-

cal biocompounds.   
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Introduction   

Rising cases of antibiotic resistance urges scientific communities to look for 

new and sustainable sources of drugs. Plants, on the other hand, are known 

for their ecological as well pharmaceutical potentials and was proven by 

sustained and effective use of ethnobotanical remedies around the world. 

Moreover, approved pharmaceutical products are mostly obtained from 

phytocompounds found in plants and plant products.  

 One common bamboo species found in the Philippines, particularly 

in Central Luzon, is Bambusa blumeana (kawayang tinik). It is frequently 

utilized for making furniture, native homes and is also consumed as food 

although, some studies have mentioned its use for the treatment of respira-

tory symptoms, kidney stones and Dengue fever by some ethnic communi-

ties in Luzon, Philippines (1). 
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 Despite the commonality of the said bamboo spe-

cies, limited studies, both local and international, have 

been conducted detailing its potential as a pharmaceutical 

source. On the other hand, other bamboo species thriving 

in other Southeast Asian countries have been established 

to contain phytocompounds with potential antimicrobial 

properties (2-4). Hence, this study was done to determine 

the potential of B. blumeana as source antimicrobial bio-

compounds. Specifically, the study aimed at exploring the 

presence and differences in antimicrobial property of the 

different parts of B. blumeana against Penicillium multo-

cida, Staphylococcus aureus, Escherichia coli, Bacillus sub-

tilis, Aspergillus niger and Penicillium chrysogenum. Moreo-

ver, identification of total phenolic and flavonoid contents 

in various B. blumeana extracts were also explored and 

correlated.   

 

Materials and Methods   

Plant Material Preparation    

Plant parts of B. blumeana (kawayang tinik) were first 

identified and collected from the Bamboo Forest Park of 

Tarlac Agricultural University in Tarlac, Philippines. Plant 

parts including the leaves, roots, rhizomes, inner culms 

and outer culms were used and utilized in the study. Se-

lected plant parts are afterwards cleaned, air dried, pow-

derized, stored in sterile, dark containers and kept in the 

refrigerator with temperature regulation at 4 °C until use (5

-7). Extraction, purification and concentration of plant ma-

terials are done thereafter. Ethanolic extraction was done 

by macerating the individual powderized plant materials 

with 95% ethanol using 1:4 plant material to solvent ratio 

for 48 hrs under room temperature (2, 8, 9). Aqueous ex-

traction, on the other hand, was made by mixing 100 g of 

plant materials in 400 ml of distilled water, boiled for 

about 15 min at 80 °C then cooled and macerated for 24 

hrs under room temperature (5, 8). The aliquots are then 

strained via Whatman filter paper No. 1 and the filtrates 

are subjected to rotary evaporation.  In making the stock 

solutions for antimicrobial testing, individual plant ex-

tracts are reformulated to 1 mg/ml and are sterilized with 

sterile millipore filter syringe (Whatman® at 0.22 millipore 

size) (10). The sterile plant extracts are then stored in ster-

ile, dark containers and kept in refrigerator with tempera-

ture regulation of 4 °C (11). 

Minimum Inhibitory Concentration Determination   

The MIC value was performed by doing combination of the 
classic two- fold dilution method and agar well diffusion 

method (12). The same methodology was employed by 
various studies which validated the efficiency and effectivi-
ty of the method employed in the study (13-15). Bacterial 

MIC determination was facilitated by preparing sterile 
Himedia® nutrient agar swabbed aseptically with 100 μl of 
selected bacterial species initially maintained at Himedia® 

Nutrient Broth (NB) and further adjusted to 0.5 McFarland 
standards at (1.0 x 106) CFU/ml (12, 16). After drying the 
plates for 15 min, wells are created by punching the previ-

ously swabbed agar plates with sterile cork borer. 100 µl 
individual plant extracts with various concentrations were 

then aseptically poured in the wells. Afterwards, the pre-
pared plates are incubated for 24 hrs at 37 °C.  

 Fungal MIC, on the other hand, was done by placing 
a 3- mm mycelium disk culture (A. niger and P. chryso-

genum) at the center of a sterile, solidified Sabouraud® 
agar plate wherein various kawayang tinik extracts were 
placed on even distances around the fungal disk. The 

seeded plates were afterwards incubated at 72 to 96 hrs at 
room temperature. The interpretation of MIC for bacterial 
and fungi species were based on the European Committee 

on Antibiotic Susceptibility Testing (EUCAST) and the Clini-
cal Laboratory Standards Institute (CLSI). These standards 
rely on the formation of optically clear inhibition zones 

thus, B. blumeana extracts which displayed optically clear 
zones of inhibition, both on the initial and validation test-
ing, were included in the results of the study and those 

that display hazy or unclear zones are tagged at not deter-
mined. Furthermore, the extracts with the least concentra-
tion level that exhibited optically clear ZOI was treated as 

the MIC (17). 

Qualitative Phytochemical Testing    

The various B. blumeana ethanolic extracts was brought to 
Saint Louis University Natural Science Research Institute 

(NSRI) in Baguio City and the University of Sto. Tomas Ana-
lytical Services Laboratory in Manila, Philippines for total 
phenolic and flavonoid determination. The total phenolic 

content of ethanolic extracts was determined by diluting 
100 µl of the plant extract with 3 ml of analytical grade 
water then mix with 0.5 ml of Folin – Ciocalteau reagent. 

After 3 min, 2 ml of 20% Na2CO3 (w/v) solution was added 
and were mixed thoroughly. The absorbance was meas-
ured at 750 nm against the blank using a spectrometer. A 

standard solution was prepared using gallic acid monohy-
drate at 15.63 µg/ml to 500 µg/ml (r2= 0.99), and the linear 
regression equation was obtained to determine the total 

phenolic content of the plant extract (18). 

 Flavonoid content determination in ethanolic ex-
tracts, on the other hand, were taken by mixing 500 µl of 
the plant extract with 2.5 ml of analytical grade water and 
150 µl of 5% NaNO2 solution. After 6 min, 300 µl of 10% 

AlCl3 ·6H2O solution was added. One (1) ml of 1M NaOH 
solution was added after 5 min and the mixture was 
brought to 5 ml using analytical grade water and mixed 

well. The absorbance was measured immediately at 510 
nm. A standard solution was prepared using quercetin (r2= 
0.99), and the linear regression equation was obtained to 

determine the total flavonoid content of the plant extracts 
(19).  

 Total phenol contents in aqueous extracts were 
evaluated by treating the aliquots with Folin-Ciocalteau 
reagent and Na2CO3 with increasing concentrations of Gal-

lic acid used as standard. The aliquots were allowed to 
stand at room temperature for 90 min and the absorbance 
was measured at 750 nm wavelength utilizing a microplate 

reader. Total flavonoid of aqueous extracts, on the other 
hand, were calculated through the addition of equal vol-
umes of extracts and 2% AlCl3 in wells of a 96-well plat 

whereby absorbance was measured at 420 nm using a mi-
croplate reader after 1hr at room temperature (20).  
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Results and Discussion   

Minimum Inhibitory Concentration (MIC) of Different 

Bambusa blumeana (Kawayang tinik) Extracts   

Minimum inhibitory concentration (MIC) is defined as the 

lowest concentration of antimicrobial agent that will inhib-

it the visible growth of a microorganism after an incubation 

period (21). Lower MIC values can further be interpreted as 

lower concentration of drug or extract needed to inhibit a 

certain bacterial or fungal strain. Hence, lower concentra-

tions or MIC values mean greater bacterial susceptibility or 

sensitivity against the antibacterial agent being tested. The 

minimum inhibitory concentration (MIC) values of the 

different extracts of B. blumeana tested against several 

microbial species were reflected in Table 1. The variations 

in MIC values reveals varying susceptibility of the selected 

bacterial and fungal species against the ethanolic and 

aqueous extracts of B. blumeana. 

 It is also revealed in Table 1 that the aqueous outer 
culms extract of B. blumeana exhibited the lowest MIC val-

ue against P. multocida (0.24 mg/ml) while S. aureus and E. 

coli were mostly susceptible to ethanolic outer culm ex-

tracts (0.06 mg/ml and 0.12 mg/ml respectively). B. subtilis, 

on the other hand, was observed to be most sensitive to 

ethanolic root extract at 0.06 mg/ml. 

 The table further revealed that selected fungal spe-

cies are also susceptible to most B. blumeana extracts. A. 

niger and P. chrysogenum were also found to be more sus-

ceptible to ethanolic extracts compared to their aqueous 

counterparts such that ethanolic rhizome extract exhibited 

lower MIC value (0.24 mg/ml) against A. niger while etha-

nolic leaf, roots, inner and outer culm extract were equally 

effective in inhibiting P. chrysogenum at 0.98 mg/ml. 

 The antimicrobial potential of bamboo species could 

be attributed to various phytocompounds previously ob-

served in the different parts of the plant. For instance, the 

compound apigenin, luteolin and p - coumaric acid are 

found in the leaf, inner and outer culms and root part of P. 

pubescence (8). Apigenin works by inhibiting cellular me-

tabolism (22) while luteolin has the ability to destroy bacte-

rial cell membrane (23). P- coumaric acid, on the other 

hand, inhibits bacterial DNA function and also disrupts bac-

terial cell membrane (24). Other studies also observed the 

presence of tannins, cardiac glycoside, terpenoids, sapo-

nins and steroids in B. blumeana and other bamboo species 

(5, 25, 26). These phytochemicals are known for having in-

nate antimicrobial effects via various mechanisms.  

 Several studies also document the potentials of oth-

er bamboo species as antimicrobials. For instance, it was 

found out that different plant parts of P. pubescence, a Jap-

anese bamboo, were effective against S. aureus and its eth-

anolic outer culm extract can express 98 – 100% inhibition 

rate and has a MIC value of 0.4 to 1.6 mg/ml (8). The outer 

culms of bamboo species from Gramine family were also 

noted to display antimicrobial potentials when tested 

against several microorganisms using water extraction and 

agar diffusion method. Accordingly, its MIC value against S. 

aureus, E. coli, B. subtilis and A. niger were 4.9 mg/ml, 5.3 

mg/ml, 6.4 mg/ml and 4.9 mg/ml respectively (27). Addi-

tionally, ethanolic leaf extracts of D. strictus were also not-

ed to be effective against E. coli, S. aureus and B. subtilis at 

0.5 to 1.0 mg/ml (28). N- hexane, chloroform and ethyl ace-

tate leaf extracts of B.  vulgaris, on the other hand, was ob-

served to inhibit E. coli and S. aureus at less than 2.5 mg/ ml 

MIC concentration (29). 

 Bamboo plants were also noted to be effective in 

inhibiting the growth of some fungal species. N- hexane, 

chloroform and ethyl acetate leaf extracts of B. vulgaris was 

observed to inhibit A. niger and V.  alboatrum at less than 

2.5 mg/ ml (30) while D. strictus ethanolic leaf extract was 

noted to be effective against A niger, P. chrysogenum, F.  

moneliforme and A. flavus at 0.5 to 1.0 mg/ml (28). Aqueous 

leaf extracts of P. pubescence were also observed to effec-

tively inhibit P. grisea, causative agent for rice blast disease, 

at 0. 5 – 1.0 mg/ml concentration (24) while aqueous shav-

ings of bamboo coming from the Gramine family also mani-

fested effective inhibition against A. niger at 4.9 (+/-0.2) mg/

ml MIC concentration (27). 

 It can be observed that the MIC values exhibited by 

the B. blumeana extracts were comparable and even lower 

compared to the studies previously mentioned. This may 

further validate the antimicrobial potentials of B.  

blumeana (kawayang tinik) plant extracts. Moreover, it can 

also be observed that lower MIC values were obtained from 

bamboo plant parts that are not usually being studied such 

as the rhizome, root, outer culm and inner culm. These re-

sults may further support the evidences of the potential 

presence of antimicrobial activity on B. blumeana 

(kawayang tinik) not only on the leaf part but all other bam-

boo plant parts as well.  

Determination of the Quantitative Total Phenolics and 

Flavonoid Content of Bambusa blumeana (Kawayang 

tinik) Extracts    

Presented in Table 2 are the results of the total phenolic 

and flavonoid content determination of plant extracts de-

rived from the different parts of B. blumeana (kawayang 

tinik). It was observed that all extracts are positive for the 

PLANT EX-
TRACTS 
(mg/ml) 

BACTERIAL SPECIES FUNGAL SPECIES 

P. multo-
cida 

S.  aure-
us E.  coli B. subtilis A. 

niger 
P.  chryso-

genum 

AQUEOUS  

Leaf 0.49 62.5 1.95 3.91 3.91 15.63 

Rhizome nd nd nd nd 1.95 3.91 

Roots 0.98 3.91 7.81 nd nd 1.95 

Inner Culm 0.98 nd 3.91 15.63 nd 1.95 

Outer Culm 0.24 nd nd nd 0.47 7.81 

ETHANOLIC  

Leaf nd 0.98 0.98 0.24 0.98 0.98 

Rhizome 3.91 0.98 0.98 3.91 0.24 1.95 

Roots 7.81 3.91 3.91 0.06 0.98 0.98 

Inner Culm 0.49 0.49 0.49 0.98 0.98 0.98 

Outer Culm 0.98 0.06 0.06 0.12 0.98 0.98 

Table 1. Minimum inhibitory concentration (MIC) of different B. blumeana 
extracts against several   microbial species 
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presence of phenols and flavonoids at varying levels of 

concentration. Phenols and flavonoids possess innate anti-

microbial properties through various mechanism such as 

inhibition of nucleic acid synthesis and cytoplasmic mem-

brane function, disruption of metabolism and inhibition of 

oxidative phosphorylation cycle (30 - 33). 

 For phenolic content determination in ethanolic 
extracts, rhizome exhibited the highest phenol concentra-

tion (154.57 ug/ml GAE) followed by leaf (141 ug/ml GAE), 

root (140 ug/ml GAE) and outer culm (131. 29 ug/ml GAE) 

extracts. The ethanolic inner culm extracts on the contrary, 

shown the least amount of phenolic compound (57. 85 ug/

ml GAE). Aqueous plant extracts such as the aqueous leaf 

extracts obtained the highest phenol concentration at 

1509.10 ug/ml GAE followed by the aqueous root extracts 

(894.41 ug/ml GAE), outer culm (510. 71 ug/ml GAE), inner 

culm (488.67 ug/ml GAE) and rhizome extracts (216.82ug/

ml GAE) respectively. 

 Flavonoid content in ethanolic extracts were also 

evaluated and results shows that rhizome extracts exhibit-

ed the highest flavonoid concentration (440 ug/ml GAE) 

followed by the ethanolic extracts of leaves (247.60 ug/ml 

GAE), inner culm extracts (176.80 ug/ml GAE) and root 

(156.00 ug/ml GAE). The ethanolic outer culm extracts ex-

hibited the lowest total flavonoid content at 48. 80 ug/ml 

GAE, on the contrary. In terms of the aqueous extracts, re-

sults showed that leaf extracts contain the highest total 

flavonoid content at 677. 10 ug/ml GAE followed by the 

root extracts (259. 80 ug/ml GAE), outer culm extracts (218. 

30 ug/ml GAE), inner culm (177. 30 ug/ml GAE) and aque-

ous rhizome extracts (169. 40 ug/ml GAE).  

 It is evident in the results of the TPC and TFC that 

majority of the aqueous extracts exhibited higher total 

phenolics and flavonoid concentration except for rhizome 

extracts which elicited higher TPC and TFC in ethanolic 

extraction and inner culm extracts for total flavonoid con-

tent. These observations seem to contradict the previous 

MIC results obtained wherein ethanolic extracts exhibited 

lower inhibitory values compared to aqueous extracts. This 

could be explained by the fact that plants are natural 

sources of abundant numbers of phytochemicals and bio-

nutrients (32) and contain more than 5000 classes of phy-

tochemical that were already discovered but not yet fully 

studied (33).  Since only phenolics and flavonoids were 

measured in the study, the better performance of ethanolic 

extracts in the previous MIC determination could be associ-

ated with the presence of other phytochemicals of B. 

blumeana. Local studies have also documented the pres-

ence various phytocompounds in B. blumeana such as al-

kaloids, sterols, triterpenes and tannins (25, 26) which also 

has innate antimicrobial properties. Therefore, the antimi-

crobial potential of B. blumeana extracts could not only be 

associated with the amounts of flavonoids and phenolic 

contents alone and but rather with the totality of phyto-

chemicals present in the extracts. This further implies the 

need for additional studies to fully harness and understand 

the antimicrobial potential of B. blumeana. 

 Differences in assay results and phytochemical test-

ing may further be attributed to the endointeractions of 

individual phytochemicals (34) such that individual biomol-

ecules in plants may either potentiate or interfere with the 

biological activities of phytocompounds and works by ei-

ther interfering with the bioavailability of other phytocom-

pounds, interloping with cellular transport processes, acti-

vation of pro-drugs or deactivation of active compounds to 

inactive metabolites, multi-target effects or inhibition of 

binding to target proteins (35). Thus, recommendations to 

further purify extracts to determine the active components 

responsible for the antimicrobial potentials especially in B. 

blumeana (kawayang tinik) is highly suggested. 

 Furthermore, looking at the solvents used in the 

study, phenolic compounds and flavonoids are better ex-

tracted in polar solvents (36). Therefore, given that water is 

more polar than ethanol, phenolic compounds as well as 

flavonoid could be better extracted using aqueous rather 

than ethanolic extraction. This and the above- mentioned 

conditions and rationale provide justification on the higher 

TPC and TFC values of the aqueous extracts than ethanolic 

extracts.  

 

Conclusion   

All findings of the study suggest B. blumeana as a potential 

source of phytocompounds for drug development. Its ex-

tracts manifested varying antimicrobial activities against 

selected microorganisms and its minimum inhibitory con-

centration is noted to range from 0.06 to 0.98 mg/ml which 

is comparable or even lower compared to previously stud-

ied bamboo species. Moreover, B. blumeana extracts also 

showed to contain phenols and flavonoids which are phyto-

compounds with known innate antimicrobial potentials.   
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ABSTRACT: 
An increase in blood sugar levels is an indication of diabetes mellitus (DM). DM is a metabolic disease characterized 
by disorders of carbohydrate and fat metabolism due to impaired activity, insulin secretion or both. Alternatively, the 
body's inability to secrete insulin. The purpose of this study was to determine the effect of coriander extract 
(Coriandrum sativum) on mice induced by streptozotocin (STZ) on the relative number of CD11b and insulin-IL6 
cells. The study used Balb-C strain mice, aged 2.5-3 months, with five (5) treatment groups which were given STZ at 
a dose of 145mg/kg BW on the 8th day IP (Intraperitoneal) after adaptation for seven days, then add coriander extract 
with successive doses of 25 (T1), 50 (T2), and 100mg/kg BW (T3), negative control (healthy) (T4) and positive control 
(STZ) (T5) through the administration of intraperitoneal gastric tube. Blood Glucose is measured on the 13th day. 
Herbs are given on days 14-28. On the 29th day, the mice. An increase in blood sugar levels is an indication of diabetes 
mellitus (DM). DM is a metabolic disease characterized by disorders of carbohydrate and fat metabolism due to 
impaired activity, insulin secretion or both Alternatively, the body's inability to secrete insulin. The purpose of this 
study was to determine the effect of coriander extract (Coriandrum sativum) on mice induced by streptozotocin (STZ) 
on the relative number of CD11b and insulin-IL6 cells. The study used Balb-C strain mice, aged 2.5-3 months, with 
five (5) treatment groups which were given STZ at a dose of 145mg/kg BW on the 8th day IP (Intraperitoneal) after 
adaptation for seven days, then add coriander extract with successive doses of 25 (T1), 50 (T2), and 100mg/kg BW 
(T3), negative control (healthy) (T4) and positive control (STZ) (T5) through the administration of intraperitoneal 
gastric tube. Blood Glucose is measured on the 13th day. Herbs are given on days 14-28. On the 29th day, the mice 
were sacrificed Furthermore, the pancreas was taken for insulin examination, and the spleen was checked with the 
relative number of CD11b-IL6 and T CD4 cells using a flow cytometer. Data were quantitatively analyzed using the 
One Way ANOVA test (p≤0.05). The results showed that doses of coriander in T1 treatment causes an increase in 
insulin levels, decreased blood sugar levels, weight gain, proliferation and activation of CD4+ T cells, and decrease 
inflammation (CD11b cell-IL6) on the tissue. This research concludes that extracts of coriander can reduce 
Hyperglycemia in mice by modulation of cellular immunity and increased levels of insulin 
KEYWORDS: herbs, insulin, inflammation, hyperglycemia, free radicals, Cellular. 
  
  
 
 
INTRODUCTION: 
Diabetes mellitus (DM) is a metabolic disease characterized by impaired metabolism of carbohydrates, and fats due 
to interference with activity, insulin secretion, or both (Federico et al., 2016; Hajiaghaalipour et al., 2015). DM 
sufferers will experience an increase from 171 million (2.8%) to 366 million (4, 4%) until 2020, and tend to experience 
an increase in prevalence across countries (Wild et al., 2004)). DM is associated with high-risk chronic diseases such 
as heart attacks, blindness, and kidney failure (Sharma et al., 2016; Hackett and Jacques, 2009). Diabetes affects the 
decrease in effector immune cells and regulator T cells. 



  
The inability of β-pancreatic cells to produce insulin result in regulatory disturbances from glucose uptake signals, 
namely GLUT-4 protein, which causes cells to secrete proinflammatory cytokines such as TNF-α, and Il-6 which 
cause tissue damage (Hajiaghaalipour et al., 2015). DM causes an imbalance of microbiota in the intestine that will 
increase the number of opportunistic pathogens and oxidative stress (Tai et al., 2015). 
  
Management of DM to date uses anti-diabetes drugs and insulin to maintain quality of life and prevent ongoing damage 
due to impaired circulation of blood vessels. The use of anti-diabetes drugs continuously and for a long time will affect 
the damage to the liver and kidneys. Patients tend to choose herbal medicines that have fewer side effects, as a 
functional food to prevent and treat diabetes and its complications. In this study, Coriander seeds (Coriandrum sativum 
L.) will be tested on its effect of diabetes mellitus particularly on cellular immunity and the production of insulin. 
  
MATERIAL AND METHODS: 
This research used 20 mice Balb-C strain, a model of experimental animals in testing hyperglycemia. The mice were 
given streptozotosin before treatment of different levels of coriander seed extract. There were five (5) treatment groups 
and 4 replications each. The use and maintenance of experimental animals have received an ethic-worthy certificate 
no 1109-KEP-UB from Brawijaya University. 
  
The Coriander Fruit Extraction Method Using Ethanol as a Solvent: 
Coriander seeds were mashed using a blender until smooth into powder and were sieved using a 200 mesh sieve. 100 
grams of coriander powder was mixed in 1000 ml of 96% ethanol solvent, stirred and soaked for 24 hours. The extract 
was filtered to separate the precipitate (pulp) and the supernatant (solution), it was repeated 3 times. The liquid extract 
is evaporated into a rotary evaporator at 50°C and dried using an oven at a temperature of 40°C to produce a viscous 
extract. The method of Sogara et al. (2014) was adapted with modification. 
  
Treatment on Experimental Animals: 
The mice were kept and adapted to temperature, the area and their feed for 7 days. The study used Balb-C strain mice, 
aged 2.5-3 months, with five (5) treatment groups which were given STZ at a dose of 145mg/kg bw on the 8th day 
intra-peritoneally (IP), then coriander extract was added with successive doses of 25 (T1), 50 (T2) and 100mg/kg bw 
(T3), negative control (healthy) (T4) and positive control (STZ) (T5) through the administration of intraperitoneally. 
Glucose level measurements were performed before administration of STZ and after administration 
of streptozotosin on days 13.18 and 23, and 28 in all treatment groups. Weighing was done on days 14, 18, 23 and 28 
to determine whether there was an effect of weight loss in mice after administration of STZ and coriander extract. 
  
Giving of Streptozotosin and Measurement of Blood Sugar Levels: 
Mice were injected with a single intraperitoneal dose of Streptozotocin (STZ) (145mg/kg bw) (Biolegend®) initially 
dissolved in 0.01 M sodium citrate, with pH 4.5 (Wang-Fischer and Tina, 2018). Blood glucose levels were measured 
after 5 days of STZ injection. Mice with fasting blood glucose levels of more than 220mg/dl were considered positive 
for diabetes as showed by Deepa and Anuradha (2011) and Furman (2015). Blood sugar was measured using a 
Glucostick digital blood glucose level (Gluco-Dr.®) device on the 5th day after it was administered with STZ 
(Qosimah et al., 2019). 
  
Necropsy of Animal: 
Necropsy was carried on the 29th day of the experiment where the spleens and pancreas were collected for further 
observation and study. 
  
Flowcytometer Procedure: 
The spleen and pancreas of mice were observed using flowcytometer to calculate the relative cell percentage of 
effector cells and insulin. The procedure of Rachmawati and Rifa'i, (2014) was adapted. The antibodies used recorded 
were: CD4 FITC, Insulin per Cp, and CD11 by FITC-IL6PEcy5. 
  
Data analysis: 
Diabetes data collected were quantitative: blood sugar levels, relative amounts (CD11b cell-IL6, insulin and CD4 + T 
cells). The data were analyzed using the One-Way Analysis of Variance (ANOVA) test with a 95% confidence level 
to determine the effect of the treatment of coriander extract treatment on mice induced by STZ. 
  



RESULTS: 
Measurement of Blood Sugar Levels: 
Blood sugar levels in all treatment groups before being induced with STZ showed normal (average range of 103-
156mg/dl). Observation of sugar levels after STZ induced on the 13th day, followed by administration of coriander 
extracts on the 19th, 24th and 28th days of which there was a decrease in sugar levels in a row namely T1 treatment 
(327.5; 190.5; 177.5; 138.5) mg/dl, while the treatment of T2 and T3 decreases in sugar levels were found only at the 
last administration of the extract that is the 28th day namely T2 (362; 244.5; 248.5; 186.25)mg/dl and T3 (446; 322.25; 
295.5; 178.8) mg / dl. The positive control group (STZ) showed an increase in blood sugar levels (436.75; 405; 326; 
307.75) mg/dl while the negative control did not have an increase in blood sugar levels or normal blood sugar levels 
respectively (96.5; 120,75; 124,25; 126,25) mg/dl. 
Weight Measurement: 
The results of weight measurements of all treatment groups when given therapy for 14 days and observed on days 14, 
19, 24 and 28 showed that in the T1 and negative control groups there was an increase in body weight while in T2, T3 
and positive control there was a decrease in body weight (table 1). 
 
 
  
Table 1: Observation of body weight in the treatment after administration of STZ and coriander extract 

The treatments Observation of Average Weight (gram) 
Early prior to 
treatment (Day 8) 

After Giving STZ 
(Day 13) 

After administration of Coriander extract therapy 
Day 14 Day 19 Day 24 Day 28 

T1 20 20,5 21,5 22 22,5 22.75 
T2 23 18,5 24,75 22,25 20,5 20,25 
T3 20 22 19,25 18,5 18,25 16,5 
 Positive control 20 18,5 20,25 19,75 18,5 17 
Negative control 23 24,5 25,5 25,75 26 26,25 

 
The Relative Amount of Insulin: 
The relative amount of insulin in the negative (healthy) control group was higher than the positive control group (STZ-
induced mice). In the therapy group there was an increase in the relative amount of insulin in mice in the T1 and T2 
groups that were not significantly different from the negative controls (Figure 1). A decrease in the relative amount 
of insulin was found in the positive control and T3 treatment found both showed no significant effect. This shows an 
increase in the number of insulin occur in the coriander extract with a small dose, 25mg/kg body weight. 
  
Figure 1: Notation a, b shows the difference between treatment groups (P<0.05) using the One way ANOVA test followed by the tukey test 
  
Relative amount of CD4+ T cells: 
The results showed that the activation and proliferation of the adaptive cellular immune system CD4 + T cells in mice 
in the negative (healthy) control group was higher than the positive control. The group of mice T1 treatment had an 
increase in CD4 + T cells that were not significantly different from negative control, while the decrease in the number 
of relative CD4 + T cells occurred in group T2, T3 which was not significantly different from positive control 
treatments. This suggests that activation of CD4 + T cells occurs at doses lower coriander extract is 25 mg / kg bw 
(Figure 2). 
  
Figure 2: Notation a, b showed a significant difference between treatment groups on CD4 + T cells (P<0,05) 
  
Relatif number of CD11b cell-IL6: 
The results showed that the relative number of macrophage cells that produce proinflammatory cytokines (CD11b 
cell-IL6) of the positive control (STZ-induced mice only) higher compared with negative control group (healthy or 
normal). The treatment group were given extracts of coriander therapy showed a decrease in CD11b cell-IL6 
significantly in the treatment of T1, T3 T2 and while the treatment is still an increase in the number of relatively 
CD11b cell-IL6 were not significantly different from the positive control (Figure 3). In the group of T1, coriander 
dose given is able to repair the pancreas through increasing insulin levels, decreased blood sugar levels, weight gain, 
proliferation and activation of CD4 + T cells and decrease inflammation, CD11b cell-IL6 on the tissue. 
  
Figure 3: Notation a, b shows a significant difference between treatment groups with respect to the relative number of CD11b cell-IL6 
(P<0.05) 
  



DISCUSSSION: 
Weight Gain: 
Weight gain was only found in the T1 treatment while T2 and T3 treatments occurred for weight loss. Weight gain at 
T1 is due to an improvement in the amount of insulin to help maintain carbohydrate metabolism. This study is in 
accordance with that carried out by Schaschkow et al., 2016, that insulin therapy can increase body weight in female 
rats with diabetes Lewis strain. Weight loss in mice after being induced with STZ and coriander extract in T2 and T3 
treatments according to research conducted by Tian et al., 2010 which states that STZ induction with a dose of 
115mg/kg bw in mice causes an increase in fasting blood glucose levels and feed-drinking intakes but lose weight. 
There was a tendency for weight loss in coriander groups with doses of 50 and 100mg/kg bw because of coriander 
content, namely linalool which has an appetizer effect (decreases appetite) (Güler et al., 2005). 
  
STZ induction causes hyperglycemia. DM is a chronic condition characterized by relative or absolute deficiency of 
insulin, which leads to hyperglycemia due to pancreatic β-cell damage (Damasceno et al., 2014). Β cells experience 
necrosis due to excessive free radicals in the form of glucose levels in the blood (oxygen radicals or nitric oxide) 
thereby stimulating proinflammatory cytokine cells (Gvazava et al., 2018). STZ is toxic to pancreatic β cells, which 
causes disruption of insulin production (Wong-Fischer and Tina, 2018), followed by weight loss (Gvazava et al., 
2018). Free radicals will mediate activation of the signal transduction cascade and transcription factors that cause 
increased expression of specific genes that cause tissue damage and diabetes complications. Hyperglycemia causes a 
decrease in the activity of antioxidant enzymes that play a role in neutralizing free radicals and decreasing the degree 
of inflammation. Intraperitoneal STZ is often done to induce diabetes because of the 60% success rate compared to 
aloxan and hypercaloric (20%) (Frederico et al., 2016). STZ is a natural antibiotic, produced by Streptomyces 
achromogenes actinomycetes. STZ causes a decrease in ATP, thus causing damage to β cells. STZ also causes 
impaired glucose homeostasis (oxygen consumption and glucose oxidation) and inhibition of biosynthesis and insulin 
secretion, not directly and directly affecting glucose transport or phosphorylation by glucokinase (Gvazava et al., 
2018). 
  
Relative number of Insulin: 
Coriander effect can be used as insulin therapy because it can reduce the condition of hyperglycemia, through 
increased glucose and insulin metabolism (Chizoba, 2015). The coriander extract content β-carotene acts as an 
immune modulator, by neutralizing and eliminating singlet oxygen or free radical products. This compound can also 
be broken down enzymatically by lipoxygenase to prevent radical oxidation and photo-oxidation (Kawata et al., 2018). 
Quercetin secretes insulin and inhibits intestinal starch digestion and hepatic glucose production, increases glucose 
absorption in skeletal muscle, and protects against pancreatic damage (Hossain et al., 2016). This is the same as 
research conducted by Federico at al., 2016, that coriander extract can increase insulin levels. 
  
Relative number of CD4+ T cells: 
Type 1 DM (T1DM) causes infiltration and accumulation of leukocytes and T lymphocytes around the pancreatic 
islets, causing a massive destruction of beta cell insulin production found in the positive control treatment group. 
MHC class II molecules will bind and present antigen peptides in the form of STZ to CD4 T cells via dendritic cells 
which will then go to the pancreatic lymph nodes for processing (Kakoola et al., 2014; Wang-Fischer and Tina, 2018). 
T cell activation is mediated by the signaling molecules CD80, CD86 and CD28 originating from dendritic cells 
(Wangchuk et al, 2018). Activation of Th (T helper) lymphocyte cells will differentiate into Th1, Th17 and Th2. Th1 
cells lead to the activation of phagocyte cells for the release of inflammatory cytokines that cause cell damage in 
metabolic organs such as fat tissue, liver, muscle and pancreas (Xia et al., 2017) and Th2 cells lead to differentiation 
of Th2 cells into plasma cells that will produce antibodies besides the production of anti-inflammatory cytokines. In 
the T1 and negative control treatments an increase in CD4+ T cells was significantly different from the T2, T3 and 
positive control treatments. An increase in CD4+ T cells is likely to produce anti-inflammatory cytokines that affect 
tissue repair through a decrease in proinflammatory cytokines. According to Al-Snafi, 2013, that ethanol extract of 
coriander seeds contained flavonoids such as caffeic acid, chlorogenic, quercetin and routine. Flavonoids function as 
anti-diabetics through the following mechanisms: improvement in the function of pancreatic β cells and insulin 
through a decrease in proinflammatory cytokines IL1-β and IL-6; increased presence of antioxidants through reduction 
of free radicals and lipid peroxidation; regulation of carbohydrate metabolism (decreased gluconeogenesis and 
increased glycogenesis) and increased insulin sensitivity (Vinayagam and Xu, 2015). 
  
Relative number of CD11b cell-IL6: 



The positive control group showed an increase in the relative number of CD11b cell-IL6, which was not significantly 
different from the T3 group, whereas in the negative control group and the T1 and T2 treatments showed a decrease 
in CD11b cell-IL6. Type 1 diabetes mellitus (T1D) is an autoimmune disease characterized by beta cell destruction, 
associated with cellular infiltration and inflammatory responses on the island of Langerhans. The cellular components 
of this infiltrate include monocytes, macrophages, CD4+ and CD8+ T cells, and the balance between Th1 and Th2 cells 
is very important in the pathogenesis of this disease and against antigens and produces inflammatory mediators such 
as cyclooxygenase-2 (COX2), protein nitric oxide synthase 2 (NOS2) ), free radical nitric oxide (NO), and 
proinflammatory cytokines such as tumor necrosis factor-alpha (TNFA) and Il-6 (Interleukin 6) that affect the 
incidence of diseases such as diabetes (Kawata et al., 2018), secreted by T cells and macrophages to stimulate the 
immune response during inflammation associated with insulin resistance (Gomes, 2017) so that the number of CD11b 
cell-IL6 increases in diabetes. 
  
Decreasing the relative amount of macrophages (CD11b), which produce Il-6 according to research conducted by 
Chizoba, 2015, that coriander extract contains polyphenols and essential fatty acids such as linalool, a-pinene, 
limonene, and camphene, can inhibit macrophages to produce nitric oxide and pro-inflammatory cytokines TNF-α 
(Nair et al., 2012; Bhat and Kumar, 2014). Decreasing free radicals such as nitrix oxide and hydrogen peroxidase can 
reduce tissue damage, namely the pancreas. The mechanism of free radical reduction due to polyphenols works by 
capturing free radicals and increasing antioxidant enzymes and modulation of enzymes involved in glucose 
metabolism, increased function of pancreatic β cells to produce insulin, and anti-inflammatory. Polyphenols, 
especially flavonoids, phenolic acids and tannins can inhibit α-glucosidase, interact with glucose absorption from the 
intestine by inhibiting glucose transporters that are dependent on Na +, SGLT1 and SGLT2, regulate the main 
pathways of carbohydrate metabolism and liver glucose homeostasis including glycolysis, glycogenesis, and 
gluconeogenesis, will usually be disturbed in diabetes. Ferulic acid, a hydroxycinnamic acid derivative, effectively 
suppresses blood glucose by increasing glucokinase activity and glycogen production in the liver and increasing 
plasma insulin levels in diabetic rats (Bahadoran et al., 2013). 
  
CONCLUSIONS: 
Coriander seed ethanol extract serves as a therapy for the hyperglycemia condition that leads to diabetes through an 
increase in the relative amount of insulin, a decrease in blood sugar levels, cellular immune activation of CD4+ T cells 
and a decrease in inflammation. 
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Abstract. Polyalthia longifolia (Sonn,) Thw. is a plant that has many benefits on health because 

every part of this plant contains secondary metabolites. Flavonoid class is one of the secondary 

metabolite that contained in the leaves. Flavonoids has pharmacological potencies or therapeutic 

effects. The objective of this research was to observe how many compound of flavonoid from 

the ethanolic extract Polyalthia longifolia (Sonn.) Thw. leaves, that obtained from Indonesia and 

The Philippines by using Thin Layer Chromatograpy and Liquid Chromatography-Mass 

Spectroscopy. Two leaves powder of Polyalthia longifolia (Sonn.) Thw. from Indonesia and The 

Philippines were extracted by using 70% of ethanol, respectively. The dry extract was obtained 

by rotary evaporation. The flavonoids of both dry extracts that obtained were analyzed by 

phytochemical assay. The separating of flavonoid class of both extract were analyzed by TLC 

and LC-MS.  Based on the phytochemical screening, both of the ethanol extract of Polyalthia 

longifolia (Sonn.) Thw. from Indonesia and The Philippines showed that positive flavonoids. 

The result of TLC separation contained of flavonoids based on the yellowish-green, yellow, 

green, until blue spots under UV exposure. LC-MS separation showed that the both of extracts 

revealed the presence of flavonoids including to flavonols and cyanidine, with the similar pattern 

of LC-MS, respectively. The presence of flavonoids were quercetin with RT 5,39 and 5,05, 

respectively, and molecular weight m/z = 302,5 – 303,5. Rutin showed the single peak with RT 

2,61 and 2,62, respectively, and molecular weight m/z = 610,5 – 611,5. Then, leucocyanidin with 

RT 5,16 and 5,15, and molecular weight m/z = 306,5 – 307,5. Beside that both of extracts also 

contained analogues compound. In conclusion, the both of ethanolic extract of Polyalthia 

longifolia (Sonn.) Thw. contain flavonoid class such as rutin, quercetin and analogues 

compounds. 

1. Introduction 

Glodokan tiang or Polyalthia longifolia (Sonn,) Thw. (Family Annonaceae) is a plant that is widely 

spreaded in tropical and sub-tropical countries in South Asia [1] and Southeast Asia, including Indonesia 

and the Philippines. This plant has potential as herbal medicines such as antiplasmodial [2], anti-

inflammatory [3], antimicrobial [4], antifever, anti-diabetes and anti-hypertension. In addition, this plant 

is used as ornamental trees that effectively reduce noise pollution [4]. 
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Previous studies reported that this plant contains alkaloids, sesquiterpenes, diterpenoids, flavonoids, 

and saponins [5]. Based on [6], stem bark also contains proantocyanidin. The content of this secondary 

metabolite which provides benefits to this plant. Several types of flavonoid compounds are detected in 

the leaves of this plant, such as quercetin and rutin, and some analog compounds [7]. Flavonoids are a 

large group of antioxidant compounds named as polyphenols consisting of anthocyanidins, biflavones, 

catechins, flavanones, flavones, and flavonoids. Quercetin is included in the flavonol compound group, 

which is distributed with quercetin and glycoside content of approximately 60-75% of the total 

flavonoids. Flavonoids consist of aromatic compound with antioxidant activity. This activity will 

prevent body tissue damage on the degenerative disease patient.  

Based on the benefit of flavonoid compound, this study will separate the flavonoid compounds from 

ethanol extract Polyalthia longifolia (Sonn.) Thw. leaves from Indonesia and the Philippines. Then, both 

of extract obtained will analyzed its flavonoid by using Thin layer Chromatography (TLC) and would 

be confirmed by Liquid Chromatography Mass Spectroscopy (LC-MS). 
 

2.  Materials and Methods  

2.1. Plant material 

The leaves of the plants, especially Indonesia variant, were collected from area Malang, Indonesia at 

August until September. The dried leaves from The Philippines were deposited at Institute Biosains, 

University of Brawijaya, Malang, Indonesia. Based on the taxonomical identification, the leaves that 

obtained were Polyalthia longifolia (Sonn.) Thwaites.  

 

2.2. Sample preparation and extraction 

The leaves were air dried and powdered. The extracts of both of powder leaves were prepared by 

maceration using 70% ethanol for 3 days with occasional stirring, after that the filtrates were obtained 

by filtration using Whattman filter No. 1, respectively. The ethanol was evaporated by rotary vacuum 

evaporator at 50 °C to obtain the dry extract. The dry extract were stored at 4°C until use. 

 

2.3. Identification of flavonoids compound 

One milliliter of extract 5 % was diluted in the 50% hot methanol 2 mL. Then, it added some magnesium 

powder and 4-5 drops of HCl. Identification of the flavonoid in the both of extracts were showed red-

orange solution.  

 

2.4. Identification of flavonoids by Thin Layer Chromatography (TLC)  

The dry extracts were dissolved in 70% ethanol (10 mg/mL), three mobile phases were prepared in the 

chamber that consist of (I) Toluene : Ethyl Acetate : Formic Acid (5 : 4 : 0,2); (II) ethyl acetate : methanol 

: water (5 : 1 : 5); (III) n-Butanol : Acetic acid glacial : water (5 : 1: 4), and those were saturated in 30 

min. Thin layer chromatography was performed according [5], with modifications. On 3 x 10 cm plates 

pre-coated with silica gel G, the samples of extract were spotted on the lower left of the TLC plat. Then, 

the plats were run one dimensionally in the mobile phases at room temperature. Identification of the 

flavonoids in the extracts was done under UV light after the application of ammonia.  

 

2.5. Identification of Flavonoids by Liquid Chromatography-Mass Spectroscopy (LC-MS) 

PL ethanol extract samples were analyzed using LC-MS to obtain qualitative data. The results of LC-

MS obtained by chromatogram and peak molecular weight of compounds contained in both extracts. 

The operational conditions of LC-MS equipment were adjusted for running. The column used was 

Hypersil Gold (50 mm x 2.1 mm x 1.9 µm). UHPLC brand ACELLA Thermo Scientific type 1250. 

Elution was carried out with mobile phase A consisting of 0.1% formic acid in aquabidest and mobile 

phase B consisting of 0.1% formic acid in acetonitrile, with linear gradient and flow rate of 300 

µL/minute. The column was controlled at 30 °C and the autosampler compartment was set for C16. 

Mass Spectroscopy was used MS/MS Quadrupole Mass Spectrometer TSQ QUANTUM ACCESS 

MAX from Thermo Finnigan with ESI (Electrospray Ionization). The ionization source controlled by 
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TSQ Tune software which was operated by Negative ionization mode. The determination of targeted 

compounds was carried out by the SRM (Selected Reaction Monitoring) method. 

 

3.  Results and Discussion  

3.1. Sample preparation 

The leaves were air dried and powdered to get high surface area, that it can be increasing the powder 

contact with solvent. Extraction was done through maceration or soaking methods using 70% ethanol. 

The maceration method was chosen because of the easy and simple tools used. This method can 

maximize solvent contact and materials and can be used to extract substances that are not heat resistant. 

The extracts of Indonesian and Filipino PL extract obtained were 26,80 % and 23 %. 

 

3.2. Identification of flavonoids  

Identification of flavonoids was done by addition of Hydrochloric acid (HCl) solution and magnesium 

(Mg) powder to produce a red-orange solution. Based on this analysis, the two ethanol extracts of the 

leaves of Polyalthia longifolia (Sonn.) Thw. contain flavonoids by producing a yellowish-orange 

solution after adding Mg powder and HCl. The ethanol extract of Polyalthia longifolia leaves from two 

countries contain flavonoids which were have biological activities such as antimicrobial, antiradical and 

have cytotoxic activity against cancer cells [7]. 

 
3.3. Thin Layer Chromatography analysis 

Thin-layer chromatography separation was a separation process based on the distribution of active 

compounds in two phases, the mobile phase (consist of a mixture of solutions that have a similar polarity 

with the compound to be separated) and the stationary phase was a silica gel coated plate (usually gives 

luminescence under UV light). The best separation product was showed by spots without tailing and no 

overlapping spots. Separation of flavonoid compounds using the TLC method was carried out with 3 

mobile phases or eluent, and produced spots which can be luminescence under UV (ultraviolet) lamps 

at wavelengths of 254 nm and 366 nm. Table 1 showed the TLC results of the flavonoid compounds 

from the ethanol extract of leaves of Polyalthia longifolia (Sonn.) Thw from Indonesia and the 

Philippines. 
 

Table 1. TLC Separation of Flavonoids Compound. 
Source 

Plant 

Mobile Phases Spot

s 

Assumption 

of Flavonoid 

spots  

Rf Number Spot Appearance 

under UV 

Indonesia  Ethyl Acetate : 

Methanol : Water  

(5 : 1 : 5) 

11 7 0.05; 0.07; 

0.37; 0.49; 

0.58; 0.67; 

0.80 

Green; Yellow;  

Yellowish orange; 

Yellowish green 

The 

Philippines  

7 4 0.04; 0.56; 

0.73; 0.81 

Green; Orange; 

Yellow; Dark 

Green under 

UV254 

Indonesia Toluene : Ethyl 

Acetate : Formic 

Acid  

(5 : 4 : 1)  

12 7 0.05; 0.08; 

0.56; 0.81; 

0.82; 0.86; 

0.88 

Yellowish green; 

Green; Yellow; 

Yellowish orange; 

Dark Green under 

UV254 

The 

Philippines  

12 7 0.06; 0.26;  

0.58; 0.66;  

0.75; 0.85;  

0.89 

Yellowish green; 

Yellow; 

Yellowish orange; 
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Dark green under 

UV254 

Indonesia  n-Butanol : Acetic 

Acid Glacial : Water 

 (4 :1 : 5) 

6 2 0.33;  

0.76 

Greenish; 

Yellowish green 

The 

Philippines  

7 4 0.10; 0.51; 

0.77; 0.82 

Dark green; 

Violet; Yellow  

 
Based on previous study, flavonoids on the TLC system would show yellowish green [5], dark 

chocolate under UV254 [10], yellow and blue [8]. Besides that, positive flavonoid showed the 

fluorescence spot yellow, green, and blue [9]. The first eluent (EA: MeOH: W-5: 1: 5) was a polar 

solvent and it was capable of producing yellowish-green stains under UV366. Retention factor (Rf) from 

P. longifolia leaves ethanol extract from Indonesia and the Philippines were 0.67 and 0.73, respectively, 

which were assumed to be rutin and analogs. According to Sampath and Vasanthin [5] flavonoid rutin, 

as standard compound, showed Rf 0.676 with a yellowish-green color under UV lamps. Secondary 

eluent (Toluene: EA: Acid Format-5: 4: 1) was a polar mobile phase and produces 12 spots from both 

of P. longifolia leaves ethanol extract, Indonesia and the Philippines. The result of this study was 

flavonoids spots showed on P. longifolia leaves from the Philippines, that showed spot at Rf 0.66 with 

a dark color under UV254 light. According to [10], flavonoid of quercetin from P. longifolia plants 

showed at Rf 0.62 with dark brown spot under UV254 light. The third eluent (nButOH: AAG: W-4: 1: 5) 

was a polar solvent that was able to provide good separation of polar compounds in the TLC. According 

to [8] separation by TLC using this mobile phase would show a clear separation between O-glycosides 

and C-glycoside flavones that were not hydrolyzed (mid low Rf) and aglycone (high Rf), while the 

expected color was light brown, bright yellow, and yellow-green. The result of separating using the third 

eluent showed yellow and green spots that suspected as flavonoids. Figure 1 shows the best separating 

of the second mobile phase. 

  

 

 

 

 

 

 

 

 

 

 

 

 

             (A)      (B) 

Figure 1. Separating pattern of flavonoid by TLC using Toluene: Ethyl Acetate : Formic Acid (5:4:1). 

(A) P.longifolia from Indonesia, (B) P. longifolia from the Philippines. 

 
3.4. Liquid Chromatography-Mass Spectroscopy analysis 

Liquid Chromatography-Mass Spectroscopy (LC-MS) was advanced procedure to analysis a compound 

that confirmed from TLC result. In the LC-MS system, the separated compound, from LC, would go 

into MS system, then identified based on molecular mass. The molecular mass of flavonoids compound 

would be identified by ESI/MS, then showed as fragments with m/z (M+). There were six target 

compounds that detected by LC-MS analysis. Table 2 showed the flavonoid compounds and also analog 

compounds that was contained in the Polyalthia longifolia leaves ethanol extract from Indonesia and 

The Philippines based on LC-MS separation. 
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Table 2. Flavonoid compounds from Polyalthia longifolia leaves ethanol extract from Indonesia and 

The Philippines based on LC-MS. 

Prediction 

compound 

Source plant  M+ Retention time 

(RT) 

Quercetin 

(C15H10O7) 

Indonesia  302,5 – 303,5  5,39  

The Philippines  5,05 

Rutin (C27H30O15) Indonesia 610,5 – 611,5 2,61 

The Philippines 2,62 

Vicenin-2 

(C27H30O15) 

Indonesia  595,5 – 596,5 2,80 

The Philippines 2,80 

Quercetin-3-O-

glucoside 

(C12H20O12) 

Indonesia  464,5 – 465,5 2,69 

The Philippines  4,88 

Quercetin-O-O-

galloyl hexoside 

(C30H30O16) 

Indonesia  614,l5 – 615,5 

 

5,57 

The Philippines 5,57 

Leucocyanidin-

(+)2,3-3,4-cis-

3,4,5,7,3’,4’-

hexahydroxyl 

flavan (C15H14O7) 

Indonesia  306,5 – 307,5 5,16 

The Philippines  5,15 

 
Based on LC-MS identification, the extract of P.longifolia from Indonesia and the Philippines 

founded quercetin. Based on the table, quercetin was found at m/z 302,5-303,5 as [M+H]+ and rutin at 

m/z 610,5 – 611,5 as [M+H]+. The similar compounds were characterized too from both of extracts. 

This study showed Vicenin 2, one of 4 analogue compounds of flavonoids at m/z 595,5 – 596,5 [M+H] 

+. Quercetin derivative vicenin 2 was showed at m/z 594,8 (M) which usually following molecular peaks 

at m/z 611,7 [M+O+], the addition of oxygen ion, and m/z 649,2 with addition three water molecules, 

[M+3H2O].  Quercetin-3-O-glucoside with m/z 464,5 – 465,5 as [M+H] and Quercetin-O-O-galloyl 

hexoside with m/z 614,5 – 615,5 as molecular ion, were detected. The molecular ion of Quercetin-O-O-

galloyl hexoside was identified as M-31. That was mean MS spectra of those compounds was obtained 

another fragments which referred as additional of formic acid, elimination of CO2, elimination of 

hexoside, and additional of acetate ion [10]. Leucocyanidin-(+)2,3-3,4-cis-3,4,5,7,3’,4’-hexahydroxyl 

flavan was another compound that inculinding to the flavonoid class. Based on the LC-MS study, it was 

observed at m/z 306,5 – 307,5 as molecular ion [M+H]. Figure 2 showed the structure of flavonoid 

compounds.  

LC-MS analysis usually revealed the identity of compounds based on fragmentation behavior with 

process of protonation which throughout dehydration, loss or additional of some functional groups, and 

C-ring fission. Pattern of fragmentation was associated with the applied collision energy. If the collision 

energy is less than main fragment in the MS, the spectra produced was (M + H)+. However, by enhancing 

collision energy, a complete fragmentation of the protonated molecule can be obtained [10].  
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Figure 2. Structure of Flavonoid Compound. (A) Rutin, (B) Quercetin, (C) Vicenin-2, (D) Quercetin-

3-O-glucoside, (E) Quercetin-O-O-galloyl hexoside, (F) Leucocyanidin-(+)2,3-3,4-cis-3,4,5,7,3’,4’-

hexahydroxyl flavan. 

 

4. Conclusion  

In conclusion, the ethanol extracts of Polyalthia longifolia (Sonn.) Thwaites. from Indonesia and the 

Philippines revealed the present of flavonoid compounds. Based on LC-MS analysis, the both of extracts 

contain of quercetin, rutin, and the analogue compounds such as Vicenin-2, Quercetin-3-O-glucoside, 

Quercetin-O-O-galloyl hexoside, and Leucocyanidin-(+)2,3-3,4-cis-3,4,5,7,3’,4’-hexahydroxyl flavan. 
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Abstract

Background and Aim: Sepsis is characterized by loss of control of the inflammatory response, which can be triggered 
by various microorganisms and toxic secretions. The mortality rate increases due to impaired endothelial function caused 
dysfunctional organ systems. Diabetes is closely related to sepsis. The study aimed to determine the method of using animal 
models of sepsis diabetes through a combination of streptozotocin (STZ) and Staphylococcus aureus infection based on 
biological marker parameters.

Materials and Methods: A total of 30 male Wistar rats of 2.5-3 months old weighing approximately 150-250 g body 
weight (BW) divided into six treatment groups with five replications per group were used in the study. Treatment A was 
negative control (healthy rats) and Treatment B was the positive control (with diabetes) where rats were given STZ dose 
at 45 mg/kg BW on day 8 intraperitoneally (IP). The blood glucose was measured on day 10, Treatment C was a positive 
control (bacteria), rats inoculated with S. aureus with a concentration of 108 CFU/mL on day 8 given IP and observed 
sepsis conditions on day 10th. Treatment group (D, E, and F): Rats given STZ dose at 45 mg/kg BW on day 8th by IP 
and measured blood glucose on day 10th, then inoculated with S. aureus with different concentrations of 105 CFU/mL, 
106 CFU/mL, and 107 CFU/mL on the 10th day, respectively, and were later observed the condition of sepsis on day 12th. 
Data on diabetes bacteremia were quantitative used blood glucose levels, the bacterial count, and C-reactive protein (CRP) 
and were analyzed using the one-way analysis of variance test with a confidence level of 95%. Physical examination 
(temperature and respiration) is qualitative.

Results: Physical examination showed that all treatments had a normal temperature, an increased pulse in Groups D, E, and 
F and a decrease in respiratory rate in the treatment of E and F, the bacteria found in the vital organs in all groups, and CRP 
levels were not significantly different at all.

Conclusion: Animal model of diabetes sepsis can be observed through a combination of pancreas damage, and respiration, 
the bacteria in the vital organs.

Keywords: animal model, diabetes, inflammation, sepsis.

Introduction

Sepsis is a condition that damages the body, 
characterized by systemic activation of the inflamma-
tory pathway and coagulation in response to microbial 
infections in ordinarily sterile parts of the body [1], 
and is often exacerbated by a number of conditions 
for metabolic disorders including type 1 and 2 diabe-
tes mellitus (DM) [2]. Sepsis is characterized by loss 
of control of the inflammatory response, which can 
be triggered by various microorganisms and toxic 
secretions. The prevalence of sepsis in dogs showed 
89 individuals (78%) had dysfunction in one or more 

organ systems, and 57 individual (50%) dogs showed 
multiple organ dysfunction organs. The mortality 
rate increases the number of dysfunctional organ 
systems [3]. In animal models of type 2 diabetes are 
known that the inflammation induced by more severe 
sepsis compared with no diabetes. Animal with sep-
sis diabetes also experiences an increasing number of 
bacterial infection and dysfunction in the expression 
of inflammatory cytokines and immune cells. The lit-
erature study on obese and diabetes models (given a 
high-fat diet) has a higher mortality rate when chal-
lenged with Staphylococcus aureus compared with 
no infection [1]. Increased mortality in animal mod-
els of diabetes occurs after 72 h associated with per-
sistent bacteremia and reticuloendothelial microbial 
presence [4]. Diabetes that does not heal can cause 
complications such as neuropathy, vasculopathy, reti-
nopathy, immune defects, and sepsis [5]. DM is consid-
ered a state of immunosuppression. Diabetes patients 
are very susceptible to endothelial dysfunction during 

Copyright: Qosimah, et al. Open Access. This article is distributed 
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sepsis. A recent study showed that E-selectin, leuko-
cyte adhesion molecules dissolved, vascular cell adhe-
sion molecule 1, intercellular adhesion molecule 1, 
vascular endothelial growth factor, and increased sig-
nificantly in diabetes patients compared with patients 
without diabetes during the most severe sepsis stage. 
Some research suggests that patients with diabetes 
showed a clear activation of multiple pathways endo-
thelium during sepsis, especially during severe sep-
sis. These molecules play a role in the inflammatory 
response during sepsis [4]. This suggests that patients 
with diabetes showed a clear activation of multi-
ple pathways endothelium during sepsis, especially 
during severe sepsis [5]. Treatment of diabetes with a 
microbial infection is still unresolved, so the mortality 
rate is still high. This is estimated because the inci-
dence of the disease is difficult to detect.

Animal models of diabetes and sepsis have 
developed their own to create a system that can be 
reproduced for studying the pathogenesis, prelim-
inary testing of the potential therapeutic agent but 
animal models of diabetes bacteremia yet. Until now, 
the existing animal models are diabetes accompanied 
by foot infection or gangrene or diabetes foot [5], 
whereas there are no diabetes animal models with 
S. aureus infection.

The study aimed to determine the method of 
using animal models of sepsis diabetes through a com-
bination of streptozotocin (STZ) and Staphylococcus 
aureus infection based on biological marker 
parameters.
Materials and Methods

Ethical approval

Maintenance and handling of Wistar rat animals 
in a laboratory were based on the letter of ethics no. 
937-KEP-UB from Biosains, Brawijaya University.
Research methods

This research is of true experimental laboratory 
post-control only design, which created an animal 
model of diabetes sepsis using a combination of STZ 
and S. aureus.
Location and time of research

This research was conducted at the Pharmacology 
Laboratory of the Medical Faculty and Veterinary 
Medicine of Brawijaya University, Indonesia.
Sample and population

The study sample used white rats stain Wistar 
used for diabetes sepsis STZ and S. aureus adminis-
tered intraperitoneally (IP) in a completely random-
ized design.
Experimental design

This study used male rat (body weight [BW] 
150-250 g). The rat was previously adapted for 7 
days. In this study consisted of six treatment groups, 
namely: Treatment A (negative control): Five normal/
healthy rat, Treatment B (diabetes): Five rats were 
given STZ dose at 45 mg/kg BW on day 8th IP and 

measured blood glucose on the 10th day, Treatment C 
(bacteria): Five rats were inoculated with S. aureus 
with a concentration of 108 CFU/mL on the 8th day and 
observed sepsis conditions on the 10th day, Treatment 
D: Five rats given STZ dose at 45 mg/kg BW on day 
8th IP and measured blood glucose on day 10, then 
inoculated with S. aureus with a concentration of 105 
CFU/mL on day 10th, and observed the condition of 
sepsis on the 12th day, Treatment E: Five rats given 
STZ dose at 45 mg/kg BW on day 8th IP and mea-
sured blood glucose on day 10, then inoculated with 
S. aureus with a concentration of 106 CFU/mL on day 
10, and observed the condition of sepsis on the 12th 
day, and Treatment F: Five rats given STZ dose at 45 
mg/kg BW on day 8 IP and measured blood glucose 
on day 10, then inoculated with S. aureus with a con-
centration of 107 CFU/mL on day 10, and observed the 
condition of sepsis on the 12th day.
Induction of an animal model of type 1 diabetes rats

STZ (Cat. No. 41910012-4 [714 992], bio-
WORLD Dublin, Dublin, OH) 32.5 mg was dissolved 
in (50 mM, 0.1M, pH 4.5) buffer citrate to a final 
concentration of 32.5 mg/mL and preserved in a fro-
zen condition before use. Animal treatment adapted 
in cages for 7 days, after the treatment of diabetes 
control and treatment (D, E, and F) was fasted over-
night (6-8 h). The rats were further injected with a 
single dose of STZ via intraperitoneal route (45mg/kg 
BB) and blood glucose levels were measured 2 days 
after STZ injection. Rats with fasting blood glucose 
>270 mg/dl were considered diabetes positive.  [6,7]. 
Blood sugar was measured using digital blood glucose 
level Glucostick (Gluco-Dr®) device.
Bacterial culture

S. aureus bacteria were obtained from the 
Microbiology of FK Universitas Brawijaya. S. aureus 
bacterial identification using mannitol salt to be pos-
itive, catalase test positive, and Gram stain showed 
Gram-positive, cocci-shaped, and grape-clustered 
bacteria. The test bacteria have been resistant to sev-
eral antibiotics, namely amoxicillin, vancomycin, 
cefoxitin, ceftriaxone, and penicillin.

Bacterial seeding was carried out by taking 10 
colonies of S. aureus bacteria then cultured in Nutrient 
Broth media (Merck Millipore, Boston, USA) at 37°C 
for 24 h, then measuring optical density (OD) using 
a spectrophotometer. The results obtained with simi-
lar bacteria concentration of 0.1 OD 108 CFU/mL and 
then made appropriate dilution for treatment [8].
Preparation of animal model of sepsis

Wistar strain male rats were inoculated with 108 
CFU/mL of S. aureus through asepsis IP, and the bac-
terial dose was 2 mL per tail. Clinical signs, weight, 
and survival rates were monitored daily for 3 days 
after infection [8].
Necropsy of an animal model

Necropsy begins with the administration of 
anesthesia using ketamine at a dose of 2 mg/kg bw 
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(body weight) via intramuscular route per rat. After 
disinfection with 70% alcohol, surgical procedure 
was done to extract blood, liver, heart and kidney. The 
numbers of S. aureus bacteria in the collected organs 
were then examined.
CRP test

Rat blood sample was taken after 3 days of infec-
tion and stored inside a 3 ml vacutainer. The blood 
sample was then frozen for 1 h at room temperature 
and centrifuged at 4000xg, 4 °C, 15 min to obtain 
serum. The serum was further analyzed for CRP 
test using a commercial kit (Life Diagnostics, West 
Chester, AS) [8].
Histopathological examination

Sample from pancreas was collected on the 12th 
day, fixed in formaldehyde at 10% with phosphate 
buffer (pH-7.4) and then post-fixed for 24 h, dehy-
drated, and embedded in paraffin. Sections, with 3-4 
mm of thickness, were cut with a microtome [9].
Statistical analysis

The diabetes sepsis data that were analyzed 
include clinical symptoms (BW, temperature, pulse, 
respiration), CRP examination and the number of 
bacteria present in vital organs (kidneys, liver and 
heart). The clinical signs were analyzed descriptively. 
Quantitative of blood glucose and CRP levels were 
then analyzed using the one-way analysis of variance 
test with a confidence level of 95% to determine the 
difference in the effect of treatment on making animal 
models of sepsis diabetes.
Results and Discussion

Animal model of type 1 diabetes rats

The results showed that in the treatment of 
diabetes and diabetes sepsis showed blood glucose 
>270 mg/dL, whereas in normal treatment and sep-
sis that was not suspected STZ showed normal blood 
sugar levels (<120 mg/dl) (Figure-1). Blood sugar 
levels increase due to STZ induction. STZ is a β-cy-
totoxic drug, an antimicrobial agent and has also been 
used as an alkylating agent for acupuncture. STZ 
can cause pancreatic β-cell necrosis. The incidence 
of diabetes depends on animal species; the dose and 
route of administration from STZ are severe diabetes 
(blood glucose to 200/300 mg/dL) and mild diabetes 
(120-200/300 mg/dL). The pancreas can regenerate 
through the proliferation and neogenesis. Remodeling 
of the pancreas caused by increased replication and 
cell apoptosis on day 13-day 17. Under physio-
logical conditions, the pancreas maintains glucose 
homeostasis [10,11]. Weight loss was only shown in 
STZ-induced rat while healthy rat and bacteria-in-
duced rat did not show weight loss. Weight loss was 
significantly higher in the D and E treatment groups 
than in Groups B and F (unpublished data). This is 
in accordance with the research [8], which showed 
that rats induced by S. aureus bacteria concentrations 
of 4.5×104-4.5×109 CFU/mL showed no weight loss. 

According to the research conducted by Reis et al. [9], 
which showed that male Wistar rats induced by STZ 
at a dose of 65 mg/BW intravenous showed weight 
loss. The absence of insulin that serves to regulate the 
metabolism of sugars through the breakdown of sug-
ars into simple molecules which are then distributed 
to the cells causes very high levels of glucose in the 
blood called as hyperglycemia. The body cannot use 
sugar as an energy source and stores extra glucose as 
fat, resulting in weight loss.

STZ causes an increase in free radicals that serve 
to destroy the pancreatic β-cells. This result is quite 
interesting to observe that diabetes rats characterized 
by pancreatic β damage and turned out to be clinical 
symptoms that appeared normal. The results showed 
that in the diabetes control group (B) and all diabetes 
and bacterial treatments (D, E, and F) showed pan-
creatic beta-cell nuclei shrinking and even disappear-
ing, only cytoplasm was seen so that the Langerhans 
island cell density was lower or less [9] than in the 
group healthy (A) and a positive control bacteria (C) 
showing pancreatic beta-cell nucleus appear clear 
and evenly so that a higher density of pancreatic cells 
(Figure-2).

STZ works by inhibiting the enzyme activity 
of free radicals, thereby increasing the formation of 
superoxide radicals, and nitric oxide turn produces 
reactive oxygen species (ROS) or oxidative stress 
which can cause oxidative damage to cellular com-
ponents (lipids, DNA, and proteins) and trigger the 
activation of signaling pathways and disrupt stan-
dard repair mechanism. STZ enters the tissue through 
glucose transport, GLUT2 in the plasma membrane, 
and then, it will go to the pancreas and affect other 
organs such as the liver and kidneys. When the pan-
creatic β-cell is destroyed, insulin secretion decreases 
so that blood glucose increases and is not controlled in 
the blood. ROS can increase oxidative stress through 
increased production of p21 and reduced insulin mes-
senger RNA cytosolic adenosine triphosphate and cal-
cium flux in the cytosol and mitochondria [12].
The existence of bacteria in vital organs

In this study, animal model was used to induce 
a combination of diabetes and sepsis. On bacterial 
examination, bacterial infections are found in vital 

Figure-1: Blood glucose level.
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organs in all treatments because bacteria would enter 
the blood vessels and would spread through lymphatic 
vessels to organs and cause multiple organ damage to 
death. Bacterial infections that enter the body cause 
hemodynamic changes that interfere with microcircu-
lar and cellular disorders resulting in the development 
of various organ dysfunctions and death. The bacte-
ria were induced by IP in rats showed an increased 
pulse in all treatments (above 450 beats/min), respi-
ration decreased only in the treatment Groups E and 
F (below 130 beats/min) while the temperature in 
normal conditions for all treatments (36.07-37.32°C). 
This is supported by research conducted by Popov and 
Paplov [13], which indicates that there are differences 
in the animal model of sepsis between positive and 
Gram-negative bacteria. Sepsis animal model was 
caused by the administration of gram-positive bac-
teria (intravenously), low hemodynamic appearance, 
and changes in lung disorder were observed. Whereas 
gram-negative bacteria causes hemodynamic shock 
and acute respiratory disorder.

S. aureus bacteria can replicate in the blood and 
colonize multiple organs and cause fatal sepsis [14]. 

Bacteria in the organs of diabetes rats are controlled 
by genes that encode toxins and protease enzymes 
that cause tissue damage [15]. Furthermore, there 
are genes related to virulence factors such as adhe-
sion molecules, capsule polysaccharides, siderophore, 
and metabolic and transport systems of amino acids 
and carbohydrates that support the severity of endo-
carditis. Diabetes rats can interfere immunity which 
can accelerate the infection. According to Popov and 
Paplov [13], the development of sepsis animal models 
using rodents depends on the type of bacteria, route 
of administration, bacterial dose, and frequency of 
administration. The higher dose of the bacteria with 
a direct route into the blood vessel then will be more 
severe clinical symptoms.

Diabetes rat would be at high-risk exposure to 
pathogens and disease will be more severe. According 
to Mai et al. [16] states that high-fat feed-induced 
rat is at high risk of increasing the number of bac-
teria, decreasing the T-cell immune system to elim-
inate bacteria, and increasing pro-inflammatory and 
anti-inflammatory cytokines compared to normal 
mice. The study showed the death of rats in positive 
diabetes control and S. aureus bacteria concentration 
of 108 CFU/mL on day 2 after bacterial induction. 
The results of this study are different from those 
conducted by Wu et al. [8] which showed rat died 
after being induced with S. aureus with successive 
concentrations ranging from 4.5×107 to 4.5×109 
CFU/mL intravenously which were observed 7 days 
post-infection. Death in diabetic rats is due to the 
impaired immune system through decreased produc-
tion and function of inflammatory cytokines, loss 
of phagocytic function, and body antioxidant pro-
duction [17].  The high concentration of S. aureus 
induced in rat resulted in increased inflammation. 
Bacteria that enter IP will activate macrophages to do 
phagocytosis so that there will be an increase in the 
production of free radicals and inflammatory cyto-
kines. However, death was not found in all diabetes 
treatments and S. aureus bacteria from concentra-
tions of 105-107 CFU/mL. The high sugar levels and 
bacterial induction did not affect the clinical symp-
toms of rat even though bacteria were found in vital 
organs. When viewed from the results of the study, 
diabetes control rat had an average blood sugar level 
higher at 544 mg/dl compared to diabetes and bacte-
rial groups.
CRP test

CRP can be found in vertebrates (humans, mice, 
and rats) and invertebrate animals [18]. CRP is an 
acute inflammation produced in the liver as a result 
of responses to phagocytic cells that are affected 
by proinflammatory cytokines, namely interleukin 
(IL)-1, IL-6, and tumor necrosis factor-α. CRP will 
appear after 6-8 h after the initial infection and peak at 
36-50 h thereafter. CRP is part of the ligand-binding 
plasma calcium-dependent family. The mechanism 

Figure-2: Images with magnifications 400×: Negative 
control (a) showing pancreatic beta-cell nucleus appears 
clear and spread evenly (arrow). Positive control diabetes 
(b) showed that the pancreatic beta-cell nucleus seemed 
to shrink even invisible and only seen cytoplasm (arrow). 
Positive control bacteria with a concentration of 108 CFU/mL 
of Staphylococcus aureus (c) showing pancreatic beta-cell 
nucleus appear clear and spread evenly (arrow). Treatment 
diabetes and bacteria S. aureus with a concentration of 105 
CFU/mL (d) showed that the pancreatic beta-cell nucleus 
seemed to shrink even invisible and only seen cytoplasm 
(arrow). Treatment diabetes and bacteria S. aureus 
with a concentration of 106 CFU/mL (e) showed that the 
pancreatic beta-cell seemed to shrink (arrow). Treatment 
diabetes and bacteria S. aureus with a concentration of 107 
CFU/mL (f) showed that the pancreatic beta-cell seemed 
to shrink (arrow).
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of action of CRP is that it binds to phosphocholine 
residues and then causes membrane damage and cell 
apoptosis. CRP will activate the classic path comple-
ment, C1q protein will then activate C3 and end with 
membrane damage [19].

The results showed that rat in the group of D, E, 
and F (diabetes rats with a concentration of S. aureus 
bacteria consecutively 105 CFU/mL, 106 CFU/mL, and 
107 CFU/mL) was significantly different from con-
trol diabetes but not significantly different from con-
trol S. aureus bacteria concentration of 108 CFU/mL 
(Figure-3) and healthy control. This shows that CRP 
levels increase only in diabetes conditions, whereas 
in diabetes with diverse high concentrations of bac-
teria does not show an increase in CRP levels. The 
results are consistent with the research conducted by 
Dimitrov et al. [20], which showed that increased 
CRP could be detected in animals that have decreased 
in inflammation and an increase in high carbohydrate 
levels. CRP test demonstrates that the presence of 
acute inflammation such as in humans is less prom-
inent in rats as a result of induction of bacteria does 
not activate the complement pathway [21]. This study 
contradicts the results of human studies, which showed 
that serum CRP levels were high in conditions of bac-
terial sepsis compared to healthy humans [22]. CRP 
in the rat is not specific to indicate an acute inflam-
matory reaction. Levels of CRP concentrations in rats 
would increase the basal metabolic condition that is 
approximately 300-500 mg/l, 100 times higher than in 
humans [18]. The biological effect indicates that the 
average of CRP level in healthy rat lower than that 
of all the treatment of diabetes and bacteria and also 
bacterial induction courses. This shows that the induc-
tion of diabetes and bacteria can trigger inflammation. 
At the time of entry of the antigen in the body, there 
will cause inflammatory cells out of the blood vessels 
leading to the injured area or damaged tissue, causing 
the release of inflammatory mediators to clear patho-
gens and wound healing agent [23].

CRP in the rat cannot activate complement 
which mediates inflammation except ligand-spe-
cific CRP mediated by C-polysaccharide from bac-
terium Streptococcus pneumoniae [18], but it can 
induce inflammation, pro-oxidants, and pro-coagula-
tion through a pathway to increase macrophage acti-
vation [20]. Biomarkers of diabetes sepsis in Wistar rats 
can be seen from the weight loss, increased blood sugar, 
pancreatic cell damage, increased pulse, and decreased 
respiration, and the bacteria found in the vital organs.
Conclusion

Biomarkers of animal models of sepsis diabetes 
using Wistar rats through a combination of weight loss 
increased blood sugar levels and pancreatic cell dam-
age, increased pulse and decreased respiration, and 
found bacteria in vital organs in all treatments.
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ABSTRACT: 
Indonesia is one of the countries that have the highest coconut production in the world in 2016. High coconut 

production is widely used for health, one of which is to the manufacture of VCO. VCO contains high fatty acids, 

especially lauric acid, which functions as a functional health food. The production of VCO can be produced 

through cold, heat, enzymatic, and fermentation methods, but the use of oranges for the production of VCO still 

have not yet existed. The purpose of the study was to determine the effect of adding variations of citrus juice 

with a concentration of 1% to the profile of fatty acids in VCO (Virgin coconut oil). The method used a cold 

modification method, namely coconut milk blended and then separated from the coconut milk and added with 

various treatments. This study used five types citrus of treatment with a concentration of 1% namely limau (A), 

lemon (B), lime (C), orange aforer (D) and without treatment (E) and then analyzed on the fatty acid profile 

using the GCMS (gas chromatography-mass spectrometry) method. Data is qualitative and analyzed 

descriptively. The results show that effect of variation of orange juice using a 1% concentration on fatty acid 

profiles following SNI 2008 standards, APCC and Codex except for linoleic acid below the standard <1% and 

myristic acid above the standard > 21% and also no growth of bacteria and fungi. Conclusion: orange variations 

of a concentration of 1% can be used to produce VCO with fatty acid profiles accordance with the standard. 

 

KEYWORDS: fatty acids, oranges, cold method, VCO, coconut 
 

 

INTRODUCTION: 
Coconut is very well developed in Indonesia as an 

archipelago with a long coastline reaching 81,000 km, 

which is estimated to have the largest coconut tree area 

in the world, which is around 3.1 million hectares 

(Witono et al., 2007). In 2016, Indonesia ranked first in 

the world's most abundant oil producing up to 18.3 tons 

(Katadata, 2018a). In 2010, exports of coconut and coir 

Indonesia reached 850 thousand tons and had increased 

in 2015 to double to 1.7 million tons.  
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It is estimated that Indonesia's coconut exports have 

increased by around 15.14 percent per year (Katadata, 

2018b). 

 

Virgin coconut oils are oils obtained from fresh and old 

coconuts without refining, heating and nor through 

purification with chemicals (Elfianus, 2008). VCO is 

colorless with a distinctive coconut flavor and fresh 

aroma and longer shelf life (Raghvendra and Raghvarao, 

2010). Coconut products, especially coconut oil (VCO) 

is widely used in most industries such as for food, 

pharmaceuticals, and cosmetics. It has many advantages 

contain of medium chain fatty acids (MCFA), especially 

lauric acid which has a molecular size smaller than the 

fatty acid chain length (LCFA) (C> 14) so that it is 

easily absorbed by the body which allows providing a 

fast source of energy and is not stored as fat in the body 
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(Asiah et al., 2018). VCO also function as an 

antimicrobial (Prapun et al., 2016), and antioxidants 

(Arumugam et al., 2014). So that VCO becomes popular 

and is widely consumed as a functional food for health 

 

VCO produced by cold processing which must involve 

the preservation of the natural components of oil 

according to the Asian Pacific Coconut Community 

(APCC), Codex, The Philippines National standards 

(PNS), Bureau of Product Standards (BPS) -2004 

(Satheesh and Prasad, 2014). 

 

On the contrary to research conducted by Abdurahman 

et al. (2011) that the production of VCO using the 

centrifuge method with a speed of 5000 and 8000 RPM 

produced a fatty acid profile that was not by the 

standards of APCC and codex. Other studies had shown 

that the production of VCO using a fermentation process 

using the bacteria Lactobacillus acidophilus produces 

fatty acids oleic acid according to standard except on the 

terms of reference of the Codex and APCC (Satheesh 

and Prasad, 2012). Research on the production process 

of VCO using a cold method added to the acidity of 

oranges has not yet existed. 

 

MATERIALS AND METHODS: 
The study used fresh old coconut which was still 

equipped with coconut shells and coir obtained from the 

traditional market in Blitar, Indonesia. Coconut is taken 

from the shell and coconut fiber. The study is an 

experimental design to determine the effect of citrus 

juice with a variety that is a lemon (Citrus limon (L) 

(A), nipis (Citrus aurantifolia) (B), orange Afourer 

Morocco (C), limau (Citrus amblycarpa) ( D) using a 

1% concentration and without treatment (E) of the fatty 

acid profile. 

 

The Production of VCO: 

Old coconut is then shredded, coconut added with water 

and blender. Then allowed to stand about 2-3 hours until 

the coconut milk cream rose to the top — coconut cream 

mixed with an orange 1% concentration and allowed to 

stand for one day to appear three parts layer (cream, 

VCO, and water). Furthermore, VCO tested the growth 

of bacteria and fatty acid profile (Modification Maradesa 

et al., 2014; Qosimah and Istiana, 2017). 

 

Calculation of Total Fatty Acids: 

The calculation of VCO to The fatty acid profile was 

tested using the gas chromatography-mass spectrometry 

(GC-MS) method (Caligiani et al., 2016). 

 

The Calculation of Total Bacteria: 

VCO is grown using streak method on Media Plate 

count to calculate the total number of bacteria 

subsequent bacterial colonies are counted after 

incubation for 48 hours (Arachchi et al., 2016) as 

colony-forming units (CFU) per mL. 

 

The Calculation of Total Fungi:  

The product of VCO is streaked in to Subarroad 

Dextrose Agar, incubated in 37 ℃ for 24 hours.  

 

Data analysis: 

Data were analyzed descriptively to show the fatty acid 

profile and growth of bacteria. 

 

RESULTS:  
The profile of Fatty Acid: 

The results showed that the administration of orange 

variations of 1% concentration to produce VCO fatty 

acid accordance with the standard codex Stan 210-1999, 

SNI 7381-2008 and APCC, 2006 namely caprylic acid 

(C8), capric acid (C10), lauric acid (C12), palmitic acid 

(C16), stearic acid (C18:0), and oleic acid (C18:1) 

except Linolenic acid (C18:2) is below the standard (less 

than 1.00%) and the profile of myristic acid (C14) is 

above the standard (more than 21%).  
 

 

Table 1. The profile of fatty acid profile on all treatments 

Fatty Acid Profile (%) Codex Stan 210-1999 and SNI7381-2008 Lemon  Nipis  Afourer  Limau  No 

addictive  

APCC 

C8, Caprylic acid 4,6-10,00 6,1 5,9 5,8 5,6 6,3 5,00-10,00 

C10, Capric Acid  5,0-8,0 6,1 5,8 5,9 5,8 6,6 4,5-8,00 

C 12, Lauric Acid  45,10-52,20 46,6 48,7 47,3 46,6 44,6 43,00-53,00 

C 14, Myristic Acid  16,80-21,00 23,6 22,3 22,8 24,0 23,4 16,00-21,00 

C16, Palmitic Acid  7,50-10,20 9,3 8,7 9,4 9,3 9,6 7,5-10,00 

C 18:0, Stearic Acid  2,00-4,00 2,4 2,4 2,4 2,5 2,7 2,00-4,00 

C18:1, Oleic acid 5,00-10,00 6,2 5,5 5,2 5,2 5,7 5,00-10,00 

C18:2, Linoleic acid 1,00-2,50 0,4 0,6 0,4 0,4 0,4 1,00-2,50 

 

 

 

 

 

 

 

 

 

The Total Amount of Bacteria and Fungi: 

The VCO produced in all treatments found no bacterial 
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and fungi growth.  

 

DISCUSSION: 
Production of Virgin Coconut Oil (VCO) from Cocos 

nucifera, Linn through the demulsification (breakdown 

of emulsions) of coconut milk into water and oil. 

Coconut oil is dispersed as small spherical droplets in a 

layer of water in the continuous phase which can not be 

separated easily (Abdurahman et al., 2011). This study 

used orange as a demulsifier. The addition of variation 

of orange concentration of 1% was based on previous 

research, Qosimah and Istiana (2017) which showed that 

the results of rendemen VCO using orange a 

concentration of 1% higher than a concentration of 3%, 

and organoleptic qualities well as the color clear, foggy, 

smelling and flavor of coconut. Coconut oil is the most 

stable oils are highly saturated, and less than 10% 

unsaturated fatty acids (Syukur et al., 2017). 

 

The profile of Fatty Acid: 

Based on the previous study conducted by Abdurahman 

et al. (2011) showed that VCO using only cold method 

produce lauric origin below the standard that is less than 

45.1%. Short chain fatty acids such as C8: 0, C10: 0 and 

C12: 0 are the main components in VCO. The data are 

shown in table 1. These results are similar to the 

research conducted by Arumugam et al. (2014), coconut 

oil fatty acid results based on the Cold Squeeze method 

contain C12 lauric acid (49%), C8 caprylic acid (8%), 

capric acid C10 (10%), C14 (17%) myristic acid, C18 

stearic acid (2%) and C16 palmitic acid (7.8%) except 

linoleic acid (C18: 2) which has a lower value than 

(<1.0). 

 

Free fatty acids (FFA) are naturally present in low 

amounts in all vegetable oils. During extraction and 

storage, additional FFA can be formed by hydrolysis 

reactions with residual water in oil. Hydrolysis can 

occur through a chemical or enzymatic mechanism. 

Lipase enzyme hydrolysis can be found in orange fruits 

(Okino-Delgado and Fleuri, 2014). Lipase acts to 

hydrolyze triglycerides into glycerol and free fatty acids 

(Ferreira-Dias et al., 2013; Shahidi and Wasundara, 

2002). Excess enzymes can shorten fat breaking time, 

produce high VCO rendering quality and can be done at 

low temperatures (Prapun et al., 2016). High levels of 

FFA is not desirable because of their unpleasant taste 

(Dayrit et al., 2007). VCO of the hot or cold method has 

a low free fatty acid content (Srivastava et al., 2013). 

Free fatty acid (Free Fatty Acid) is one of the parameters 

of oil damage due to the hydrolysis process by the 

interaction with water and lipase activity (Witono et al., 

2007). So the lower the free fatty acids indicate, the 

better the quality of oil produced. 

The fatty acid profiles produced in VCO depend on the 

location of coconut growth and the genetic variation of 

coconut (Syukur et al., 2017). Blitar is a coastal area that 

is a potential for the growth of coconut trees and is on of 

center in East Java, Indonesia with a land area of about 

18986 hectares (Tents and Kumaunang, 2018). The most 

important qualifications of VCO must be free of water to 

avoid rancidity, high antioxidant content, vitamins, and 

lauric acid. The fatty acid molecules found in coconut 

oil are unique and have different properties from other 

fats. They are called medium chain fatty acids (MCFA), 

namely C6-C12 (Dayrit, 2014). MCFA is the highest 

lauric acid (45-53%) of total fatty acids. Lauric acid is 

similar to breast milk and has nutraceutical benefits 

accordingly. These fatty acids, unlike long chain fatty 

acids are not stored in adipose tissue and do not need to 

be transported by chylomicrons (Raghvendra and 

Raghvarao, 2010). MCFA is metabolized quickly and 

cannot be stored as adipose tissue. This is because 

MCFA is transported directly in the portal vein system 

thereby reducing storage of fat deposits and causing 

high energy expenditure (Gunasekaran et al., 2017). The 

orange fruits may also contain protease enzymes such as 

those in the peel (Chitturi et al., 2013). The highest oil 

yield can be obtained from the assistant of the protease 

enzyme besides the amount of unsaturated fatty acids 

which is higher than the oil extracted by fermentation 

techniques and thermal cycling (Prapun et al., 2016). 

 

Results of high peroxidation of unsaturated fatty acids 

can cause rancidity during storage VCO (Srivastava et 

al., 2013). Polyunsaturated fatty acids are essential fatty 

acids, which cannot be synthesized in the body so they 

must be obtained from food intake. Coconut oil is one of 

the readily available vegetable oils, consisting of 

saturated fatty acids (92%) and medium chain fatty acids 

(MCFA) (Nireeksha et al., 2018). 

 

The Total Amount of Bacteria: 

This is by the SNI 7381-2008 standard which shows that 

the requirement for the number of bacteria in VCO is 

less than 0.5 CFU / ml. VCO production using 

fermentation method causes the bacteria will ferment 

coconut milk which can separate coconut oil with water 

within 24-48 hours. But there is the possibility of 

contamination with microorganisms because coconut 

milk is a rich source of protein, carbohydrates, and 

moisture which can attract microorganisms that would 

likely to damage the coconut milk which results in the 

production of low-quality VCO (generally yellow) 

(Satheesh and Prasad, 2014). 

 

CONCLUSIONS: 
The results show that VCO uses oranges on the fatty 

acid profile by the codex coconut oil standard, SNI 

7381-2008, and APCC except for the standard linoleic 

acid which is less than 1% and no bacteria in it. The 

results of lauric acid in VCO using nipis was higher than 
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all treatments. 
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Abstract
Background and Aim: Gliricidia sepium is a medium-sized leguminous plant found widely in tropical to subtropical areas. 
It has been used as a medicinal ingredient and in rodenticides by local communities in both Indonesia and the Philippines. 
This study aimed to investigate the wound healing effects of an ointment containing G. sepium leaves on inflammatory cells 
using a rat model. We also determined its effect on the expression of interleukin (IL) 6 and IL-1β.

Materials and Methods: We used 16 Wistar male rats aged approximately 2 months and weighing 150-200 g. They were 
divided into four treatment groups (T1, positive control; T2, negative control; T3, wounds treated with G. sepium from 
Indonesia; and T4, wounds treated with G. sepium from the Philippines), and the ointment therapies were applied to wounds 
for 3 days. Hematoxylin and eosin staining was performed to examine the inflammatory cells microscopically. IL-1β and 
IL-6 expression were observed immunohistochemically.

Results: G. sepium leaves significantly (p<0.05) decreased the number of inflammatory cells, and the expression of IL-1β 
and IL-6 in the group treated with Indonesian G. sepium leaves was higher than that in the group treated with G. sepium 
leaves from the Philippines. The leaves contain flavonoids, saponins, and tannins, which act as anti-inflammatory agents to 
enhance the wound healing process.

Conclusion: Our findings suggest that G. sepium leaves from both the Philippines and Indonesia possess wound healing 
properties.

Keywords: flavonoid, Gliricidia sepium leaves, herbal plants, saponin, tannin, wound healing.

 Introduction

Injuries occur because of pathological processes 
caused by internal or external factors that affect specific 
organs and result in structural and functional damage. 
Causes of injuries include sharp objects, blunt objects, 
changes in temperature, chemicals, electric shock, 
and animal bites [1]. Incision wounds are injuries that 
occur from cutting with a sharp instrument, such as 
a scalpel, during surgery. Clean and aseptic wounds 
are usually closed by sutures [2]. Wound healing 
occurs when damaged tissue is replaced by new tissue 
through the processes of regeneration and repair and is 
divided into four phases: Hemostasis, inflammation, 
proliferation, and remodeling [3]. Wound healing is a 

complex process that involves both local and systemic 
cellular and biochemical responses. The process of 
tissue repair occurs in the inflammatory phase, where 
the amount of released inflammatory mediators, such 
as interleukin (IL) 1β, IL-6, transforming growth fac-
tor-β, and tumor necrosis factor-α, is increased [4]. 
These cytokines act as pro-inflammatory factors that 
are produced in response to tissue damage, macro-
phage migration, and the production of other pro-in-
flammatory cytokines [5].

Gliricidia sepium is a leguminous plant that grows 
quickly in dry areas of Indonesia and the Philippines 
and is found widely in tropical to subtropical areas [6]. 
G. sepium is known as “gamal” in Indonesia and 
“kakawate” in the Philippines [6]. There have been 
some studies of its active substances, including fla-
vonoids, saponins, tannins, alkaloids, polyphenols, 
hydroxyl acid, and coumarin [7]. Some studies have 
reported that G. sepium leaves possess anti-inflamma-
tory properties, particularly their flavonoids, which can 
reduce pain and bleeding, while others have proved 
their antibacterial and antioxidant properties [8]. 
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We performed this study to further determine the 
efficacy of G. sepium leaves as a wound healing agent 
based on the evidence of decreased inflammatory 
cells as well as decreased expression of IL-β and IL-6.
Materials and Methods
Ethical approval

The use of animal models in this study was 
approved by the Brawijaya University Research 
Ethics Committee (No. 1004-KEP-UB).
Study period and location

The study was conducted from May to October 
2020 at the Animal Disease and Diagnostic Laboratory, 
Faculty of Veterinary Medicine, Brawijaya University, 
Malang, Indonesia.
Animal preparation

We used male Wistar rats (Rattus norvegicus) aged 
approximately 2 months and weighing 150-200 g in our 
study. The study design was completely randomized, 
and the rats were divided into four treatment groups 
comprising four rats per group as follows: T1, positive 
control, treated with a commercial wound healing agent; 
T2, negative control; T3, wounds treated with G. sepium 
from Indonesia; and T4, wounds treated with G. sepium 
from the Philippines. The rats were anesthetized with 
an intramuscular injection of ketamine (10 mg/kg body 
weight). The back of the rats were shaved and disin-
fected with 70% alcohol. A 2 cm incision was made 
subcutaneously in the median portion of the dorsal ver-
tebrae using a scalpel blade. The wound was sewn using 
silk thread (½ 35 mm) in a simple continuous pattern. 
Then, the rats were returned to individual cages based 
on their treatment group.
G. sepium ointment preparation and injury treatment

G. sepium leaves from Indonesia and the 
Philippines were collected and then identified in the 
Plant Taxonomy Laboratory of the Biology Department 
at Brawijaya University. The leaves from the Philippines 
were transported after obtaining an appropriate per-
mit. All leaves were dried, ground into a powder, and 
made into an ointment by adding a hydrocarbon-based 
Vaseline ointment base. The ointment was applied to the 
wounds for 3 days in the designated treatment groups.
Histopathology preparation and inflammatory cell 
count

After each group had received the appropriate 
treatment for 3 days, the rats were sacrificed, and the 
skin tissue was retrieved. The histopathological exam-
ination was conducted based on the previous meth-
ods [9], and the inflammatory cells were observed 
and counted microscopically following staining with 
hematoxylin and eosin.
Measurement of IL-1β and IL-6 expression

An immunohistochemistry technique was per-
formed to analyze IL-1β and IL-6 expression based on 
the previous methods [9]. We used an ImmunoRatio 
software (available online: http://imtmicroscope.uta.
fi/immunoratio/) to observe and analyze the expression 

of IL-1β and IL-6 by calculating the percentage of the 
affected area.
Statistical analysis

Statistical analyses were conducted using SPSS 
software version 14.0 (IBM, USA). The data were 
analyzed with one-way analysis of variance (ANOVA) 
and a Tukey test with α=0.05 to determine differences 
between the treatment groups.
Results
Effect of ointment containing G. sepium leaves on 
inflammatory cells

The macroscopic observation of wound healing 
in rats differed among the treatment groups. In the 
positive control group, the wound had not closed and 
appeared to be in the inflammatory phase, which gen-
erally occurs in 2-4 days. In the groups that received 
ointment containing G. sepium leaves from either 
Indonesia or the Philippines, the incision wound began 
to close or was completely closed on day 3 (Table-1).
Effect of ointment containing G. sepium leaves on 
IL-1β expression

The expression of IL-1β in the positive control 
(T1) group was 41.28±9, and this level was used as an 
indicator of IL-1β expression in normal rats (Table-2).

Table-1: The number of inflammatory cells in wounds 
treated with Gliricidia sepium.

Groups* Inflammatory 
cells 

expression 

Decreasing of 
inflammatory cells 

expression (%)

T1 (+) 6.80±3.89a -
T2 (−) 76.32±36.81b 69.52
T3 (Indon) 15.40±7.92a 79.82
T4 (Phil) 10.20±8.34a 86.63

*(T1) positive control, (T2) negative control, (T3) wounds 
treated with Gliricidia sepium from Indonesia, and (T4) 
wounds treated with Gliricidia sepium from the Philippines 

Table-2: The expression of IL-1β.

Groups* IL-1β expression Declining of IL-1β (%)

T1 (+) 41.28±9.28%a -
T2 (−) 75.54±11.19%c -
T3 (Indon) 48.68±8.20%b 35.55%
T4 (Phil) 28.10±7.35%a 62.80%

*(T1) positive control, (T2) negative control, (T3) wounds 
treated with Gliricidia sepium from Indonesia, 
and (T4) wounds treated with Gliricidia sepium from the 
Philippines. IL=Interleukin

Table-3: The expression of IL-6.

Groups* IL-6 expression Declining of IL-1β (%)

T1 24.16±2.12a -
T2 96.86±1.04d -
T3 70.36±1.35c 27.35
T4 60.52±2.27b 37.58

*(T1) positive control, (T2) negative control, (T3) wounds 
treated with Gliricidia sepium from Indonesia, 
and (T4) wounds treated with Gliricidia sepium from the 
Philippines. IL=Interleukin
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Effect ointment containing G. sepium leaves on IL-6 
expression

The results of the one-way ANOVA showed that 
the administration of ointment containing G. sepium 

leaves from Indonesia (T3) and from the Philippines 
(T4) significantly reduced the expression of IL-6 
(p<0.05) compared with the positive control group 
(T1) (Table-3).
Discussion

The number of inflammatory cells in the neg-
ative control group was the highest and was signifi-
cantly higher than the positive control and the treat-
ment groups, which indicated that tissue damage had 
occurred and the inflammatory phase was prolonged 
compared with the other groups. Macrophages and 
neutrophils increase tissue damage and increase the 
phagocytosis of foreign objects. The damaged cells 
release cytokines as chemotactic factors for inflam-
matory cells to induce an inflammatory response. 
Chemotactic factors cause macrophages, lympho-
cytes, and polymorphonuclear leukocytes (PMNs) to 
migrate to the wound area [10]. The lowest number of 
inflammatory cells was observed in the positive con-
trol group (T1), which was treated with a commercial 
wound healing agent. The number of inflammatory 
cells in the treated groups (T3 and T4) was compa-
rable with T1, meaning G. sepium leaves possessed 
healing properties, as with the commercial prepara-
tion. The wounds treated with G. sepium leaves from 
Indonesia showed a decrease in inflammatory cells of 
79.82%, while wounds treated with G. sepium from the 
Philippines (T4) showed a decrease of 86.63%. Both 
therapies showed a significant difference (p<0.05) 
compared with the positive control (T1).

G. sepium leaves contain flavonoids, saponins, 
tannins, and alkaloids that exert anti-inflammatory 
properties by inhibiting the activity of the enzymes 
cyclooxygenase (COX) and lipoxygenase to prevent 
the release of the histamine during inflammation [11]. 
Flavonoids also inhibit the accumulation of leuko-
cytes in the inflammatory area, reduce the number 
of immobilized leukocytes, and inhibit the release of 
histamine from mast cells.  (41.28±9) different cellu-
lar mechanism are responsible for anti-inflammation, 
antimicrobial, and antioxidant which inhibit antioxi-
dant reactions by free radicals and provide nutrients 
to the skin [12].

Under normal skin conditions, the cytokine IL-1β 
is expressed at low levels in the epidermis of the skin 
[13]. IL-1β stimulates monocytes and macrophages to 
produce higher levels of other cytokines that can trig-
ger nuclear factors, such as activators of gene transcrip-
tion, and trigger an enzyme pathway that turns on pros-
taglandin activation [14]. IL-1β induces the endothelial 
excretion of intercellular adhesion molecule 1 and vas-
cular cell adhesion molecule 1 so that inflammatory 
cells can be identified, which infiltrate the injured area 
[15]. In the positive control group (T1), the average 
expression of IL-1β showed a significant difference 
compared to negative control. Increased expression of 
IL-1β is observed in inflammation caused by incision 
wounds. IL-1β activates monocytes and PMNs and 

Figure-1: The expression of interleukin-1β on treatment 
rats.

Figure-2: The expression of interleukin-6 on treatment 
rats: (a) (T1) Positive control, (b) (T2) negative control, 
(c) (T3) wounds treated with Gliricidia sepium from 
Indonesia, and (d) (T4) wounds treated with Gliricidia 
sepium from the Philippines (400×).

a b

c d
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can also stimulate inflammation [16]. IL-1β increases 
the migration of PMNs and monocyte/macrophages to 
endothelial cells and stimulates the production of pros-
taglandins and the release of lysosomal enzymes. The 
continuous production of pro-inflammatory cytokines 
prolongs the inflammatory phase and the wound heal-
ing time [15]. Groups T3 and T4, which were receiving 
G. sepium treatments, showed decreased IL-1β expres-
sion of 35.55% and 62.80%, respectively. Furthermore, 
both treatment groups showed a significant decrease 
in IL-1β expression when compared with the positive 
control group (p<0.05). The decrease in IL-1β expres-
sion in the T4 group was higher than in the T3 group 
(Figure-1).

G. sepium leaves from both Indonesia and the 
Philippines contain active ingredients, such as fla-
vonoids, saponins, tannins, and alkaloids, that act as 
antioxidants and anti-inflammatory factors and could 
inhibit the activity of COX and lipoxygenase and 
stimulate macrophages to produce growth factors and 
cytokines to accelerate the wound healing process in 
the proliferation phase. The results of T1 and T3 were 
comparable and significantly different from the neg-
ative control. G. sepium leaves from the Philippines 
had a better healing effect that was significantly dif-
ferent from G. sepium leaves from Indonesia.

The average level of IL-6 expression in the neg-
ative control group was 96.86±1.04, and this value 
was used as an indicator of IL-6 expression in nor-
mal rats. Normally, the expression of IL-6 in serum is 
very high, and it increases in pathological conditions, 
such as inflammation [17]. The highest IL-6 level 
was obtained in the negative control group (T2) as 
the result of the inflammatory response due to injury. 
IL-6 is a cytokine that causes an acute inflammatory 
response and plays an essential role in the pathogen-
esis of inflammatory diseases [18]. It also activates 
macrophages to produce growth factors needed in the 
proliferative phase of the wound healing process.

The IL-6 expression levels in the groups treated 
with G. sepium leaves from Indonesia and from the 
Philippines were significantly different (p<0.05). The 
highest decrease in IL-6 expression was observed 
in the positive control (T1) followed by the oint-
ment therapy with G. sepium from the Philippines 
and then the ointment therapy with G. sepium from 
Indonesia. This was thought to be due to the higher 
saponin and tannin content in G. sepium leaves from 
the Philippines. IL-6 causes macrophages to follow 
the migration of neutrophils to wounds after 48-72 h, 
and they become the predominant cells after the 3rd 
day of injury. Macrophages also play a major role in 
producing various growth factors required by fibro-
blasts to produce extracellular matrix in the process 
of neovascularization. Thus, the presence of macro-
phages is crucial for wound healing [19]. The flavo-
noid content is also believed to be beneficial in the 
wound healing process, and the presence of biosyn-
thetic phase barriers inhibits the production of growth 

factors and cytokines, such as IL-6, by macrophages, 
thereby accelerating the phase of proliferation and 
wound healing [20]. The inflammatory phase begins 
immediately after the injury until the 5th post-injury 
day. In inflammatory conditions, various mediators 
of endothelial derivatives and complement factors 
attract leukocytes to the endothelial wall. These leu-
kocytes are no longer able to move freely and stim-
ulate neutrophil degranulation. Saponins and tannins 
can inhibit neutrophil degranulation and reduce the 
release of arachidonic acid by neutrophils, thereby 
reducing inflammation [21].
Conclusion

Our findings have shown that ointment therapy 
with G. sepium leaves from the Philippines to improve 
wound healing was superior to ointment therapy with 
G. sepium leaves from Indonesia. This was based on 
decreased levels of inflammatory cells and decreased 
expression of IL-1β and IL-6 compared with the neg-
ative control treatment. Future analysis of the compo-
nents of G. sepium is necessary to prove its efficacy in 
wound healing.
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Abstract—The problem of mining a high dimensional data includes a high computational cost, a high dimensional dataset composed 
of thousands of attribute and or instances. The efficiency of an algorithm, specifically, its speed is oftentimes sacrificed when this kind 
of dataset is supplied to the algorithm. Fuzzy C-Means algorithm is one which suffers from this problem. This clustering algorithm 
requires high computational resources as it processes whether low or high dimensional data. Netflix data rating, small round blue cell 
tumors (SRBCTs) and Colon Cancer (52,308, and 2,000 of attributes and 1500, 83 and 62 of instances respectively) dataset were 
identified as a high dimensional dataset. As such, the Manhattan distance measure employing the trigonometric function was used to 
enhance the fuzzy c-means algorithm. Results show an increase on the efficiency of processing large amount of data using the Netflix 
,Colon cancer and SRCBT an (39,296, 38,952 and 85,774 milliseconds to complete the different clusters, respectively) average of 
54,674 milliseconds while Manhattan distance measure took an average of (36,858, 36,501 and 82,86 milliseconds, respectively)  52,703 
milliseconds for the entire dataset to cluster. On the other hand, the enhanced Manhattan distance measure took (33,216, 32,368 and 
81,125 milliseconds, respectively) 48,903 seconds on clustering the datasets. Given the said result, the enhanced Manhattan distance 
measure is 11% more efficient compared to Euclidean distance measure and 7% more efficient than the Manhattan distance measure 
respectively. 
 
Keywords— fuzzy C-Means; high dimensional dataset; Manhattan distance; clustering. 
 
 

I. INTRODUCTION 

The high dimensional dataset is common nowadays due to 
the colossal amount of information being gathered 
electronically by varying information systems. Movies, 
medical health record, and agricultural dataset can be 
observed to be as high dimensional dataset. Duplication of 
records, multiple attributes and thousands number of records 
were categorized as high dimensional datasets, and most of 
the data mining algorithms suffer low accuracy and high 
computational cost in processing when a high dimensional 
dataset was supplied [1]. This high dimensional dataset can 
also be observed to know what this dataset shows and 
implies. 

A common technique to observe this dataset is using 
clustering. Clustering splits a large amount of data and 
performs grouping considering the similarities of the 
individual data supplied [2]. However, several clustering 
algorithms suffer from high computational cost and one of 
which is the Fuzzy C-Means algorithm. 

Fuzzy C-Means also suffers from its accuracy and speed 
when a dataset contains high dimension or not [3], [4]. The 
study aims to enhance the Fuzzy C-Means algorithm by 
changing the distance measure to solve the weakness of the 
said algorithm. Manhattan distance measure was used since 
it is also ideal when applied to high dimensional dataset [5]. 
The trigonometric approach was utilized to the said distance 
measure since the accuracy of the Manhattan distance 
measure suffers when centroid and points are connected 
diagonally [6], [7]. 

Data mining procedures will also be used to prepare the 
actual dataset for mining. The computational cost will be 
observed by testing the algorithm with different distance 
measures (Euclidean, Manhattan and Enhanced Manhattan) 
and three different high dimensional datasets (Netflix Movie 
Rating, Colon Cancer and SRCBT) which will lead on what 
specific distance measure is faster when applied to the said 
algorithm.  
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II. MATERIALS AND METHOD 

To investigate the performance of the modified algorithm, 
Knowledge Discovery Model were used proposed by  [8] 
consisting the step of data selection, data pre-processing, 
transformation, and data mining. Figure 1 shows the actual 
process of KDD. 

 
Fig.1 the Knowledge Discover Model 

 
With the KDD model, the dataset should be ideal to be 

processed from the part of the selection to the step of data 
mining. 

A. Data Selection 

Selection of the actual dataset for clustering was done by 
searching for the appropriate dataset that has high 
dimensionality. High dimensional datasets are the ones who 
have multiple fields and thousands of records [1]. The high 
dimensionality of data is also when dataset features are 
greater than the number of instances [9]. The Netflix movie 
rating, small round blue cell tumors (SRBCTs) and Colon 
Cancer dataset are also categorized as high dimensional 
considering these definitions. Table 1 shows the number of 
features of the said datasets.  

TABLE I 
THE FEATURES AND INSTANCES OF THE DATASETS 

Dataset Features Instances 

Netflix Movie 5 1,500 

Colon Cancer 2000 62 

SRCBT 2308 83 

B. Pre-Processing 

The pre-processing technique was also done to prepare 
the dataset that will be used. This technique reduces the 
dimensionality of the dataset [10], [11]. The dataset was 
merged into a file and field were also observed to identify 
the process needed to be done to reduce its dimensionality. 
The term discretization technique describes another 
advantage of this step. In this part, the equal frequency 
binning was used. This step converts the text into a numeric 
value. Each instance in the dataset that has the same value 
are considered as one and converted to a similar numeric 
value [12]. In Table II, the values of the feature, genre, were 
discretized to fit the algorithm. 

TABLE II 
A PORTION OF THE MOVIE DATASET WITH ITS GENRE 

No Movie Title Genre Discretise
d Value 

1 Cat Run 2 (2014) Action 1 

2 
He Who Dares 
(2014) 

Action 1 

3 
How to Train Your 
Dragon 2 (2014) 

Action|Adventure|
Animation 

2 

4 Hercules (2014) Action|Adventure 3 

5 
Falcon Rising 
(2014) 

Action|Adventure 3 

6 Land Ho! (2014) 
Adventure|Comedy|
Documentary|Myst
ery 

4 

8 Seventh Son (2014) 
Adventure|Children
|Sci-Fi 

6 

 
In this process, the field, genre, was discretized to be 

applicable with clustering. The same process was done for 
the two remaining datasets (Colon Cancer and SRCBT). The 
feature class was converted into a numeric value. 

C. Transformation 

Making the dataset suitable for knowledge discovery 
requires the dataset to be transformed. The dataset for 
Netflix movie rating is composed of several tables (Movie, 
Rating, and Tags) that are connected via Primary Key (PK) 
and a Foreign Key (FK). A foreign key is several techniques 
can do a specific property of dataset, which is described by 
the implementation of the primary key to another data table 
[13] and merging this dataset. One technique for combining 
this data table for preparation for data mining is union. The 
union is the process of identifying the intersection of two or 
more data table with their PK and FK[14]. Hence, the 
researcher created a tool for merging the data table into a 
single dataset concerning the primary key and foreign key. 

For the two remaining datasets, features were already 
normalized aside from the pre-processing technique. 
Observation of the actual content of the dataset was also 
needed to be observed thoroughly to see how these datasets 
were constructed such that the enhanced algorithm can 
process it. Based on the pre-processing and transformation 
techniques, the following portions of the datasets of Netflix 
Movie Rating, Colon Cancer and SRCBT had been derived. 

TABLE III 
NETFLIX MOVIE DATASET  

Rating UserID Time Stamp Genre MovieID 

2.5 53930 1393064439 30 22306 

2.5 87813 1387131563 30 22306 

3 137200 1398867354 30 22306 

4.5 13494 1421295240 114 23623 

4 15720 1426647292 114 23623 

TABLE IV 
COLON CANCER DATASET 

FTR1 FTR1 FTR1 FTR to 2000 Class 

88.23 39.67 67.83 28.7 2 

82.24 85.03 152.2 16.77 1 

76.97 224.62 31.23 15.16 2 

74.53 67.71 48.34 16.09 1 

54.56 223.36 73.1 31.81 2 

33.2 91.85 5.88 21.88 1 

98.54 54.62 30.54 24.45 2 
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TABLE V 
SRCBT DATASET 

FTR1 FTR1 FTR1 FTR to 2308 Class 

0.143 0.888 0.068 0.108 2 

0.085 0.324 0.635 0.271 1 

0.193 0.39 0.378 0.107 3 

0.159 0.248 1.164 0.224 4 

 

D. Data Mining 

 Clustering algorithm will be enforced in this study by 
using the Fuzzy C-means algorithm. This tool can be used to 
address its problem on clustering high dimensional datasets. 
Figure 2 shows the actual process of how Fuzzy C-Means 
Clustering works. 

 

 
Fig. 2 The actual process of clustering using Fuzzy C-means algorithm 
 
The first step is that Fuzzy C-Means selects the number of 

cluster and membership functions ranging from zero to one. 
The calculation of the actual centroid with the corresponding 
parameter follows. The computation of the actual centroid 
plays a vital role in creating the clusters[15]. This will 
identify how many iterations will be done. The third step is 
to date the actual cluster with the specific distance measure 
and lastly, validate the result. The iterations take place until 
convergence is achieved [16]. With this given process of 
Fuzzy C-Means algorithm, changing the distance measure 
can improve the performance of the said algorithm.  

E. Manhattan Distance Measure 

Providing a result with lesser computational cost can be 
achieved using different strategies. Observing the distance 
measure used by the algorithm and its performance can be a 
basis in identifying what distance measure is applicable for 

the high dimensional dataset. The Manhattan distance 
measure is commonly used when the point that is generated 
was vertically or horizontally connected. Selecting an 
appropriate distance measure plays a vital role in providing a 
good set of clusters [17]. The study also shows that 
Manhattan distance measure is more accurate in the 
calculating distance when the dataset is high dimensional 
compared to other distance measures [18]. Table VI shows 
the side by side comparison of several distance measure. 

 

TABLE VI 
COMPARISON OF SEVERAL DISTANCE MEASURE. 

Distance Measure Benefits Drawbacks 

Euclidean Easy to Implement and 
Test 

Results are greatly 
influenced by 
variables that have the 
largest value. Does not 
work well for Image 
data, Document 
Classification 

Manhattan Easily generalized to a 
higher dimension 

Does not work well for 
image data and 
document 
classification 

Cosine 
Handles both 
continuous and 
categorical variables 

Does not work well for 
nominal data 

Jaccard Index 
Handles both 
continuous and 
categorical variables 

Does not work well for 
nominal data 

 
The use of the Manhattan Distance Measure will allow the 

algorithm to speed up its processing time, although 
Manhattan distance measure has a problem needed to be 
addressed.  

F. Euclidean Distance Measure 

On the other hand by default Euclidean distance measure 
were used in Fuzzy C-Means, it produces a more accurate 
result but higher computational cost [19], this is the main 
reason why the algorithm needed to be improved with the 
proposed modification conceptualized. 

G. Enhancement of the Distance measure 

A weakness of the Manhattan distance measure is in terms 
of clustering points that are connected diagonally. Fig. 3 
shows the actual points connecting to the centroid diagonally. 

 

 
Fig. 3 Centroid and data point are connected diagonally 

 
Employing trigonometric function specifically COSINE 

Equation 2  was tested in order to check the speed of the said 
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distance measure when applied to the Fuzzy C-Means 
algorithm.  
  

 ������(∅) =
 �
������

�����������
    (2) 

 
Where adjacent (next to) is to the angle θ and Hypotenuse 

is the long line, equation 3 shows the actual solution to 
address the problem of Manhattan Distance. 
  

 � = ∑
 |(�� �!)" (#$ #%)|

&��'��(∅)
    (3) 

 
Where (�  is the point of intersection from the created 

imaginary line and (! is the y-coordinate of the centroids. 
The difference of (� and (!  will be divided to ������(∅). 
)ℎ�+, (∅) is used since the actual angle is not yet solved. To 
calculate the actual distance the following, steps were 
considered. 

Step 1. Create an imaginary line to form a right triangle 

Step 2. Identify the point of intersection 

Step 3. Compute the Distance of the Imaginary line using 
Manhattan. Given that (x2=5,x3=5)  and (y2=6,y3=4) 

(5-5)+(6-4)= 2 

Step 4. Compute for the distance 

2/Cosine(53.60)=3.61 

The given steps in calculating the actual distance of the 
centroid to the dataset points may lead to higher accuracy for 
the Fuzzy C-Means Algorithm when supplied. 

H. Fuzzy C-Means  

To further test the algorithm, the steps for the distance 
measure were invoked by the enhanced Manhattan distance 
measure. By default, Fuzzy C-Means uses Euclidean 
distance. Fig. 4 shows the actual process of clustering the 
dataset using the enhanced Manhattan distance.  

 

 
 

Fig. 4 The actual process of clustering using Fuzzy c-means algorithm. 

The following pseudo-code was used to implement the 
Modified Manhattan distance measure over Fuzzy C-Means 
Algorithm.  

 
Start  
Required Array of Points and Centroid 
Declare Distance 
   
For counter=0; to LengthofPoints step 2  

 If  Centroid is equal to Points 
Get the absolute difference of points and the 

centroid  
    Else 
      Get the absolute difference of centroid and Imaginary 
line   

Divide the absolute difference to  ������(∅) 

 EndIf 
     
   Update distance by adding the difference 

Iterate to each column and pair it with (x,y) format 
and do the calculation for the distance. 

 End 
 

I. Evaluation 

To validate the performance of the said modified 
algorithm, the duration to complete the process of clustering 
using Fuzzy C-Means with different distance measures were 
compared, and the starting points of the program were 
tracked. The differences were calculated to identify how 
many milliseconds were needed to complete the actual 
clustering process. The following pseudo code was used to 
evaluate the performance of Fuzzy C-Means on applying the 
three distance measures and three high dimensional datasets. 
 
Start 
      Get Start time in milliseconds 
      Declare Threshold=1, iteration=0   
      While Threshold is not equal to 0  
  Update value of iteration +1 
  Assign new center 
      End While  
      Elapsed time = end time - start time   
End 

 
The process of Fuzzy C-Means clustering stops when the 

convergence is reached. This means that when the threshold 
becomes zero, the actual clustering process is finished on 
clustering [16] and as prescribed by the algorithm threshold 
use was zero. Tracking the execution time of the program 
can now be observed along with the behavior of the 
algorithm when different distance measures and different 
datasets with high dimensions was applied.  

III.  RESULTS AND DISCUSSION 

With the procedure of pre-processing and transformation, 
the dataset Netflix Movie composed of 4 attributes with 
1,500 instances, Colon Cancer having 2000 features and 65 
instances and SRCBT 2308 features and 83 instances are 
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now ready for clustering and comparison of the actual speed 
of the modified algorithm to the standard Fuzzy C-Means 
Algorithm. The algorithm was tested by computing the 
actual time elapsed when the clustering processes were 
simulated. Table VI showed the actual result of the 
algorithm when Euclidean and Enhanced Manhattan distance 
measures were used. 

TABLE VII 
RESULT OF THE ALGORITHM IN (MS), WHEN EUCLIDEAN AND ENHANCED 

MANHATTAN IS USED 

Dataset Clusters Euclidean Enhanced 
Manhattan 

Netflix Movie 10 39296 33216 

Cancer 4 38952 32368 

SRCBT 3 85774 81125 

 
Observing the actual result, the Enhanced Manhattan 

distance measure outperformed the Euclidean distance 
Measure. To further investigate, the Manhattan distance 
measure was also used to compare the actual results as 
shown in Table VIII.   

TABLE VIII 
RESULT OF THE ALGORITHM IN (MS), WHEN MANHATTAN AND 

ENHANCED MANHATTAN IS USED 

Dataset Clusters Manhattan Enhanced 
Manhattan 

Netflix Movie 10 36858 33216 
Cancer 4 36501 32368 
SRCBT 3 82860 81125 

 
With the dataset supplied to the Manhattan distance and 

enhanced Manhattan distance, the result shows that the 
actual modification decreases the processing time for 
clustering the three datasets. Comparison of the actual result 
for clustering using Fuzzy C-Means with the three distance 
measure is indicated in Figure 5 and 6. The behavior of the 
algorithm varies on the dataset supplied, especially when it 
comes to high dimensions. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 5 The comparison of the processing time of Euclidean and Enhanced 
Manhattan against the Dataset Features. 
 

The trend of the three distance measure plotted along with 
the number of features and to its processing time showed an 
improvement when the Enhanced Manhattan Distance 
measure was supplied. This indicates that the modification 
can now be applied to the algorithm to increase its speed on 
clustering high dimensional datasets. 

 
 

 
 
 
 
 
 
 

 
 
 

Fig. 6 The comparison of the processing time of Manhattan and Enhanced 
Manhattan against the Dataset Features. 
 

The trend of the three distance measure plotted along with 
the number of features and to its processing time showed an 
improvement when the Enhanced Manhattan Distance 
measure was supplied. This indicates that the modification 
can now be applied to the algorithm to increase its speed on 
clustering high dimensional datasets. 

IV.  CONCLUSION  

Fuzzy C-means algorithm is an algorithm that suffers 
from high computational cost when a high dimensional 
dataset is applied. One way to address the said problem is 
by invoking the distance measure used. In this study, an 
Enhanced Manhattan-based clustering was used employing 
trigonometric function to address the issue of Manhattan 
distance measure. 

Results show that an increase in the efficiency in terms 
of speed of the said algorithm can be observed when using 
the enhanced Manhattan distance measure. Euclidean 
distance measure shows that clustering the three datasets 
such as Netflix Movie Rating, Colon Cancer, and SRBT has 
a (39,296, 38,952 and 85,774 milliseconds to complete the 
different clusters, respectively) average of 54,674 
milliseconds while Manhattan distance measure took an 
average of (36,858, 36,501 and 82,86 milliseconds, 
respectively) 52,703 milliseconds for the entire dataset to 
cluster. On the other hand, the enhanced Manhattan 
distance measure took (33,216, 32,368 and 81,125 
milliseconds, respectively) 48,903 seconds on clustering the 
datasets. 

Given the said result, the enhanced Manhattan distance 
measure is 11% more efficient compared to Euclidean 
distance measure and 7% more efficient than the Manhattan 
distance measure respectively. While the efficiency 
increases for the said algorithm, it needs further observation 
on the behavior of the algorithm in clustering a standard 
type of dataset. Accuracy also needs to be studied in 
applying this modified algorithm. Other factors can also be 
considered to increase the efficiency of the said algorithm. 
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ABSTRACT

The importance of discovering and obtaining new, natural and sustainable sources of potential drugs
have been the focus of scientific communities due to the emergence of increasing cases of microbial
resistance, one of the biggest health threats in our society today. This study aimed to determine the
antimycotic potential of Bambusa blumeana (kawayang tinik) specifically its leaf, rhizome, root, inner
culm and outer culm extracts using the agar well diffusion assay. Results of the study revealed that all
kawayang tinik extracts produced statistically equal  size zone of inhibition (ZOI)  against  Aspergillus
niger at 1 mg/ ml concentration while the ethanolic root and leaf extracts showed larger ZOI against
Penicillium chrysogenum compared to other kawayang tinik extracts. Furthermore, the results of the
antifungal  assay  showed  comparable  activity  of  kawayang  tinik  extracts  to  Fluconazole,  a
pharmaceutically approved antifungal drug, at 1 mg/ml concentration. Phytochemical studies further
revealed the presence of alkaloids, tannins, phenols, sterols, triterpenes and flavonoids in its different
parts which may support its potential antimycotic properties.

Introduction

The Center of Disease and Prevention (CDC) and World
Health  Organization  (WHO)  considers  antibiotic
resistance, in both bacterial and fungal species, as one
of  the  biggest  public  health  threats  today  (1,  2).
Accordingly,  widespread  occurrences  of  antibiotic
resistance were recorded among 500000 people across
several countries including Asia. It is due to this fact
that scientific communities are gearing towards drug
discovery especially those coming from natural, highly
available and sustainable resources.

Plants  have  been  known  for  ages  to  contain
bioactive compounds that possessed disease - fighting
and ailment - preventing capabilities. In fact, the use
of  plants  as  ethnobotanical  –  based  remedies  and
medication  for  various  illnesses  have  been  a  long-
dated  tradition  not  only  in  the  Philippines,  but  in
other  countries  as  well  (3-5).  Moreover,  most  of  the
pharmaceutical  products  being  sold  in  the  market
today  were  obtained  and  patterned  from  bioactive
compounds found in plants and plant products. 

The  bamboo  plant  was  traditionally  utilized  to
make  home  furniture  and  its  shoots  were  usually
obtained  for  food.  However,  secondary  to
technological  advances  in  phytochemical  screening
and  testing,  several  bamboo  species  are  now  being
studied  and  observed  as  potential  sources  of  new
pharmacotherapeutic  products.  Leaves  and  shoot
extracts  from  bamboo  species  such  as  Bambusa
balbacooa,  Bambusa  bambos,  Dendrocalamus
hamiltonii,  Bambusa  vulgaris and  Bambusa  vulgaris
exhibited  potential  antimicrobial  properties  against
several  pathogenic  microorganisms,  bacterial  and
fungal  alike  (6-14).  Leaf  extracts  of  Dendrocalamus
strictus were also cited to show antimycotic potentials
against pathogenic fungal strains such as  Aspergillus
niger,  Penicillium chrysogenum,  Aspergillus flavus and
Fusarium  moniliforme (15).  It  was  further  observed
that the antimicrobial activities in bamboo plants can
be detected in the entirety of the plant, specifically in
the branches, roots, knots, inner culms and rhizomes
and not only on the leaf and shoot parts which are the
most  common  plant  parts  used  in  antimicrobial
studies involving bamboo plants (16). 
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The  Bambusa  blumeana,  also  known  as  spiny
bamboo or thorny bamboo,  is  a species of  bamboo
occurring  in  tropical  Asia  and  is  abundant  in  the
Philippines. This bamboo species is known locally as
‘kawayang  tinik’  and  ethnobotanically  known  as
‘kawayan siitan’ for Ilocanos and ‘kawayang batakan’
for  Bisayans.  Although  widely  available  in  the
community and also tagged as the top economically
important  bamboo  species  in  the  Philippines  (17),
very few research studies and literatures, both local
and  international,  have  been  published  providing
information on its biological activities especially with
regard to its potential antimycotic properties. 

With  various  evidences  citing  the  potential
biological  activity  in several  bamboo plants  against
pathogenic  fungal  species,  the  present  study
determined  the  innate  antimycotic  potentials  of  B.
blumeana (kawayang  tinik).   Specifically,  the  study
explored the following: 

1.  Presence  of  potential  antifungal  activity  in
Bambusa  blumeana (kawayang  tinik)  against
Aspergillus niger and Penicillium chrysogenum. 

2.  Differences  in  the  antifungal  properties  of  the
ethanolic  and  aqueous  extracts  of  Bambusa
blumeana (kawayang  tinik)  in  terms  of  its
different  plant  parts  including  the  leaf,
rhizomes, roots and inner and outer culms. 

3. Identified different phytocompounds in various
B. blumeana (kawayang tinik)  extracts.

Materials and Methods

Selection, Gathering and Preparation of Plant Extracts

Plant parts such as leaves, rhizomes, roots, inner and
outer  culms  were  identified  and  gathered  from
locally – grown B. blumeana (kawayang tinik) plants
found  at  Tarlac  Agricultural  University  (TAU)
Bamboo Forest Park located in Sitio Calao, Mayantoc,
Tarlac.  Collected  parts  were  initially  washed  and
cleaned with tap water to remove majority of the dirt
and  debris  while  distilled  water  was  used  for  the
final  washing.   Clean  plant  specimens  were
afterwards air dried and powdered separately using
electric  blender  and  corn  miller.   Individual
powderized plant  parts  were placed in clean,  zip –
locked  containers,  labelled  and  stored  in  the
refrigerator with temperature regulation at 4 0C until
further use (14, 18, 19).

Powdered  plant  parts  for  ethanolic  extraction
were then mixed and macerated for 48 hrs (12,  16,
20) at room temperature using 95% ethanol utilizing
1:  4  extract  to  solvent  ratio  to  produce  ethanolic
extracts. As for the preparation of aqueous extracts,
400 ml of distilled water was added with 100 gm of
individual  powdered dry  plant  parts  (leaves,  roots,
rhizomes,  inner  and  outer  culms).  Afterwards  the
individual aliquots were boiled at 80 0C for at least 15
min. cooled and allowed to macerate for 24 hrs (16,
21, 22). 

Frequent agitation of the solutions was observed
during the course of the maceration period to further
facilitate  the  extraction  of  potential  bioactive

compounds (20). After maceration, the aqueous and
ethanolic  solutions  were  filtered  using  Whatman
filter  paper  No.  1.  The  filtrates  were  exposed
thereafter  to  rotary  evaporation  to  remove  the
solvents and concentrate the extracts.  

Stock solutions were then formulated to 1mg/ml
concentration and sterility- proofed through filtration
of  individual  plant  extracts  using  sterile  millipore
filter  syringe  (Whatman®  at  0.22  millipore  size)
connected to a sterile syringe and test tube (23). The
filtered sterile extracts contained in sterile tubes are
then  stored  in  the  refrigerator  with  temperature
regulation  at  4  0C  until  needed  for  antimicrobial
assay (24).

Antifungal Assay 

Pure cultures of pathogenic  fungi (Aspergillus niger
and  Penicillium  chrysogenum)  from  the  College  of
Arts and Sciences of Benguet State University located
La Trinidad, Benguet were used to test the antifungal
property of different kawayang tinik extracts. 

Agar  well  diffusion  method  was  utilized  to
determine  the  biological  activity  of  B.  blumeana
(kawayang  tinik)  against  A.  niger and  P.
chrysogenum.  In  this  method,  a  3  mm  diameter
fungal or mycelium disk was placed at the center of
the petri dish while various  kawayang tinik  extracts
were  placed  in  wells  distributed  in  even  distances
around the fungal disk culture (Fig. 1). Fluconazole 1
mg/ml  was  used  as  positive  control  while  sterile
water  and  95%  ethanol  were  used  as  negative
controls. After 72 hrs of room incubation, antifungal
activity was determined by measuring the inhibition
zones formed between the extracts and the mycelium
disk.  The  zone  of  inhibition  (ZOI)  is  measured  by
obtaining the distance of mycelium growth from the
disk towards the individual  kawayang tinik extracts
as  indicated  by the  blue  line  (Fig.  1).  As  shown by
various studies, mycelium or fungal species grown on

laboratory  agar  tend  to  deviate  from  extracts
containing  antimycotic  compounds,  thus,  minimal
growth between the disk and the wells containing the
individual  extracts  may  possibly  correlate  to
presence  of  bioactive  compounds  responsible  for
antifungal  mechanisms  (25-28).  Additionally,  five

Fig. 1. Antifungal assay using agar-well diffusion method. 
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replications  were  made  per  treatment  per  fungal
species.

Phytochemical testing 

Individual  kawayang  tinik  plant  extracts  are
subjected  to  qualitative  phytochemical  screening  to
determine  the  presence  or  absence  of  various
phytocompounds  using  prescribed  techniques  and
procedures (10, 29, 30). The presence of alkaloids was
tested  using  different  reagents  (Mayer,  Wagner,
Bouchardat and Valser) while sterols and triterpenes
were tested using the Lieberman’s Buchard Test. The
presence  of  flavonoids  were  otherwise  confirmed
using the Salkowski Test and Bate- Smith Metcalf test
while the presence of cardiac glycosides were tested
using the Keller- Killiani Test. Froth test was utilized
to observed for the presence of saponin, gelatin test
and ferric  chloride test  for the  presence of  tannins
and  phenolic  compounds,  Borntrager  Test  for  the
presence of antraquinone and Guignard Test for the
possible  presence  of  cyanogenic  glycosides.  The
results  of the phytochemical  testing is presented in
Table 3.  

Results and Discussion

One-way Analysis of Variance (ANOVA) was used to
determine the variation in the antifungal property of
the various plant extracts derived from the different
parts of B. blumeana (kawayang tinik). 

Variations in the Antifungal Property of Bambusa
blumeana  (kawayang  tinik)  against  Aspergillus
niger 

Table  1  presents  the  variations  in  the  antimycotic
potentials of B. blumeana (kawayang tinik) against A.
niger. Results showed that there are highly significant
variations among the  B. blumeana (kawayang tinik)
extracts against  A. niger in terms of plant parts and
the  extraction solvents  used since  the  F-  computed
value (3.74) is higher than the F- critical value (1.94)
and the probability is less than 0.05. 

The  table  further  shows  that  in  terms  of  the
specific  extracts  derived  from  B.  blumeana,  the
ethanolic  root  extract  exhibited  the  highest
comparable mean zone of inhibition (ZOI) at 1.13 mm
against  A. niger.  This  is  followed by the extracts  of
ethanolic  inner  culm  (1.04  mm),  ethanolic  leaves
(0.98 mm), ethanolic outer culm (0.75 mm), aqueous
outer culm (0.47 mm) and aqueous inner culm (0.41
mm). On the other hand, the ethanolic rhizome (0.20
mm),  aqueous  root  (0.10  mm)  and  aqueous  leaves

(0.09 mm) extracts of  B. blumeana (kawayang tinik)
also showed lesser statistically comparable inhibitory
activities  against  A.  niger.  It  was  further  observed
that  the  above-  mentioned  extracts  are  statistically
comparable  to  Fluconazole,  a  pharmaceutically-
approved  medication  and  antifungal  agent,  at  1

mg/ml  concentration.  This  would  imply  that  the
extracts  of  B.  blumeana have  the  same  inhibitory
effect as the standard antifungal drug Fluconazole at
1 mg/ml drug concentration (Fig. 2).  

Various  phytocompounds  were  observed to  be

present in different species of bamboo which could
possibly  explain  the  ZOI  formed  by  the  extracts
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Table 3.  Phytochemical analysis of different Bambusa blumeana (kawayang tinik) extracts

Bioactive Compounds

Plant Extracts
Aqueous Ethanolic

Leaf Rhizome Roots Inner
Culm

Outer
Culm

Leaf Rhizome Roots Inner
Culm

Outer
Culm

Alkaloid + + + + + + + + + +

Sterol and Triterpenes + - - + + + - - + +

Flavonoid + - - + + + - - + -

Cardiac glycoside - - - - - - - - - -

Saponins - - - - - - - - - -

Tannins and Phenols + + + + + + + + + +

Anthraquinone - - - - - - - - - -

Cyanogenic Glycoside - - - - - - - - - -

Table  1.  Variations  in  the  antifungal  property  of  Bambusa
blumeana (kawayang tinik)  against Aspergillus niger

Extracts (1 mg/ml) Zone of Inhibition (mm)
Ethanolic Roots 1.13a
Ethanolic Inner culm 1.04ab
Ethanolic Leaves 0.98ab
Ethanolic Outer culm 0.75ab
Fluconazole 0.55ab
Aqueous Outer culm 0.47ab
Aqueous Inner culm 0.41ab
Aqueous Rhizomes 0.22ab
Ethanolic Rhizomes 0.20b
Aqueous Roots 0.10b
Aqueous Leaves 0.09b
Water 0c
Fluconazole 0c
F-computed value = 3.74,  F-critical value = 1.94,  Probability = .0004

Fig.  2.  Aspergillus  niger growth  on  plates  planted  with  various
kawayang tinik extracts: (A) aqueous leaf, (B) aqueous rhizome (C)
aqueous root, (D) aqueous inner culm, (E) aqueous outer culm, (F)
ethanolic  leaf, (G)  ethanolic  rhizome  (H) ethanolic  root,  (I)
ethanolic inner culm, (J) ethanolic outer culm, (C1) water and (C2)
Fluconazole at 1 mg/ml.

A B EC D

F G H I J

C1 C1
C1

C1 C1

C2

C2

C2
C2 C2



against  A. niger. For instance, apigenin, luteolin and
p-  coumaric  acid  were  discovered  in  the  different
parts  of  P.  pubescence,  specifically  in  its  leaf,  root,
rhizome  and  culms  (16).  These  phytocompounds
were  noted  to  have  the  same  antimicrobial
mechanisms  as  that  of  the  fluconazole,  a
pharmaceutically  –  approved  antifungal  drug.
Fluconazole as an antifungal agent exhibits its action
by  increasing  fungal  cell  wall  permeability  and
disrupting  the  uptake  of  essential  nutrients  needed
by the cell  leading  to eventual  death (28).  Through
the application of chemotaxonomy principles which
states  that  plants  that  are  taxonomically  related
contains the same biochemical compositions (31, 32),
we could consider the possibility that kawayang tinik
extracts  may  contain  the  same  phytocompounds
hence, justifying its potential antifungal property and
the ZOI produced by its individual extracts against A.
niger. The antimycotic potentials  of bamboo species
could further be claimed through the identification of
another antifungal  protein known called Dendrocin
(33). Its mechanism of action includes the formation
of membrane channels,  degradation of polymers in
fungal  cell  wall  or disruption of  cellular  ribosomes
(34).  

In  terms  of  extraction  solutions  used  in  the
study, it was observed that majority of ethanolic  B.
blumeana extracts  exhibited  better  antifungal
potential  compared  to  aqueous  extracts  although
statistical  comparability  is  noted  among  these
extracts  at  1  mg/ml  concentration.  This  could  be
associated with the polarity of  the solvents used to
extract the potential phytocompounds present in the
different plant parts of B. blumeana. Water is a pure
polar solvent thus,  can only attract or extract polar
compounds  while  ethanol  is  less  polar  than  water
hence,  it  can  possibly  attract  both  polar  and  non-
polar  compounds  (35).  The  greater  variety  of
phytocompounds  which  may  be  extracted  via
ethanolic extraction may provide explanation on the
better  inhibitory  performance  of  ethanolic  extracts
compared to the aqueous extracts of kawayang tinik.
Moreover,  when plant  sources  are  homogenized or
extracted using the same protocols, the polarity of the
solvent is the main factor to be considered (36, 37).

Variations  in  the  Antifungal  Property  of  Bambusa
blumeana  (kawayang  tinik)  against  Penicillium
chrysogenum

Table  2  presents  the  variations  in  the  antifungal
potential of  B. blumeana (kawayang tinik) against  P.
chrysogenum.  Results  of  the  analysis  revealed  high
significant  variations  in  the  antifungal  potential  of
different  B.  blumeana (kawayang  tinik)  extracts
against  P. chrysogenum since the computed F- value
(20.21) is higher than the F – critical value (1.94) and
the probability is lower than 0.05.

Statistical  analysis  further  revealed  that  the
ethanolic  root  and  leaf  extracts  of  B.  blumeana
exhibited  the  highest  statistically  comparable
antifungal  potential  against  P.  chrysogenum both
with mean ZOI of 1.59 mm. These were followed by
kawayang tinik extracts of ethanolic inner culm (0.48
mm),  ethanolic  rhizome (0.41 mm),  ethanolic  outer
culm (0.12 mm), aqueous inner culm (0.06 mm) and

aqueous rhizome (0.03 mm) which are comparable or
having  equal  antifungal  effects  against  P.
chrysogenum  at  1  mg/ml  concentration.  On  the
contrary,  the  aqueous  extracts  of  leaves,  roots  and
outer  culm  did  not  exhibit  any  effects  against  P.
chrysogenum exhibiting mean ZOI of 0.00 mm (Fig. 3).

As  observed  in  the  study,  ethanolic  extracts
produced higher mean ZOI compared to the aqueous
extracts  of  inner  culm,  rhizome,  leaves,  roots  and
outer culms that exhibited mean ZOI of 0.06 mm, 0.03
mm and 0.00 mm respectively. This result could still
be associated to the polarity  of  extraction solutions
used in the study whereby ethanol being less polar
could harness both polar and non- polar compounds
while water, a pure polar solvent, could only harness
polar  phytocompounds  (37).  Since  ethanolic
extraction  could  harness  a  wider  variety  of
phytocompounds,  better  inhibitory  potentials  could
be  observed  compared  to  aqueous  extracts.
Moreover,  the better inhibitory  performance of  the
ethanolic  extracts  could also indicate the possibility
of  greater  proportions  or  amount  of  non-  polar
phytocomponents residing in the different plant parts
of  kawayang  tinik  especially  that  aqueous
counterparts  does not exhibit  any inhibitory effects
against  P.  chrysogenum (i.e.  aqueous  roots,  leaves
and outer culms producing mean ZOI of 0.00 mm).
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Table  2.  Variations  in  the  antifungal  property  of  Bambusa
blumeana (kawayang tinik) against Penicillium chrysogenum

Extracts (1 mg/ml) Zone of Inhibition (mm)
Ethanolic Roots 1.59 a
Ethanolic Leaves 1.59 a
Ethanolic Inner culm 0.48 b
Ethanolic Rhizomes 0.41 b
Ethanolic Outer culm 0.12 b
Aqueous Inner culm 0.06 b
Aqueous Rhizomes 0.03 b
Aqueous Leaves 0 c
Aqueous Roots 0 c
Aqueous Outer culm 0 c
Water 0 c
Fluconazole 0 c
F-computed value = 20.21, F-critical value = 1.94.
Probability = 1.75E-17=.0000

Note: Means followed by the same letter/s are not significantly 
different at 5% level

Fig.  3.  Penicillium  chrysogenum growth  on  plates  planted  with
various  kawayang  tinik extracts: (A) aqueous  outer  culm,  (B)
aqueous leaf  (C) aqueous root, (D) aqueous rhizome, (E) aqueous
inner   culm,  (F) ethanolic  leaf, (G)  ethanolic  inner  culm  (H)
ethanolic root, (I) ethanolic  rhizome, (J) ethanolic outer culm, (C1)
water and (C2) Fluconazole at 1 mg/ml.



The findings mentioned may also be correlated a
previous study result  wherein it  was observed that
phytocomponents from the leaf  extracts  of bamboo
species  Phyllostachys and  Moso bamboo  are  not
water  soluble  (38).  However,  the  presence of  polar
phytocompounds  in  the  different  parts  of  B.
blumeana could  not  be  totally  eliminated  from the
current study since aqueous extracts  also exhibited
zones of inhibitions against the previously discussed
fungal species. It could be a possibility that the either
P. chrysogenum is resistant to the polar compounds
present in the different extracts of kawayang tinik or
the  concentration  of  extracts  which  is  1  mg/ml  is
inadequate to show inhibitory action against the said
fungal  species.  Therefore,  additional  and  more
advanced  studies  should  be  conducted  to  fully
determine  the  various  phytocomponents  present  in
the  different  parts  of  B.  blumeana and  how  these
phytocompounds relates to the antifungal potentials
of  kawayang  tinik  as  well  as  devise  further
experimentations catering to different concentrations
of extracts against fungal species.

The  results  of  the  study  also  coincide  with
previous  findings  citing  that  various
phytocomponents were present in the different parts
of the bamboo species P. pubescence (16). Specifically,
apigenin  and  tricin  derivatives  were  noted  to  be
abundant in the root and leaf part of the said bamboo
species.  Antifungal  mechanisms  of  these  identified
phytocompounds were noted to be fungal membrane
and metabolic disruption (38, 39) the same inhibitory
action of fluconazole, a standard antifungal drug (28).

Currently,  there  are  no  standard  medical
treatment  of  choice  for  the  management  of
penicilliosis,  however,  antibiotics  like  amphotericin
B,  itraconazole,  or fluconazole  were reported  to be
effective  against  the  said  organism.  The  various
ranges of inhibition zones exhibited by the ethanolic
extracts  of  B.  blumeana may  indicate  potential
effectiveness of the said bamboo species in inhibiting
the  fungi  P.  chrysogenum,  especially  that  the
ethanolic  root  and  leaf  extracts  exhibited  more
significant  results  compared  to  the  standard
antibiotic  treatment  Fluconazole  at  1  mg/ml
concentration.  Moreover,  other  B.  blumeana plant
parts  such  as  rhizomes  and  culms  also  exhibited
potential  antifungal  activities  as  evidenced  by  the
inhibition zones formed which further highlights the
potential  of  the  said  bamboo  species  as  source  of
potential antifungal drug against P. chrysogenum.

Phytochemical Testing 

Table 3 shows the results  of the phytochemical test
involving  different  extracts  of  kawayang  tinik.  As
shown, it  is  evident  that  all  of  the  extracts  contain
bioactive  compounds  such as  alkaloid,  tannins  and
phenols while majority of the extracts also contains
sterols and flavonoids. On the other hand, all of the
extracts were screened negative for the presence of
cardiac  glycoside,  saponins,  anthraquinone  and
cyanogenic glycoside.

The presence of  various  phytochemicals  in the
ethanolic  and  aqueous  extracts  and  their  innate
abilities  to  promote  microbial  inhibition  may
possibly  verify  the  antimycotic  potentials  of

kawayang  tinik  extracts.  Alkaloid  as  a
phytocompound exerts its antimicrobial  mechanism
via  multitarget  action  such  as  outer  membrane  or
cytoplasmic  membrane  disruption,  cellular
respiratory inhibition and nucleic  acid synthesis  or
cell  division  inhibition  (39,  40).   Flavonoid,  on  the
other hand, is able to promote inhibition of nucleic
acid synthesis and disrupt the energy metabolism in
pathogenic  microorganisms  (39).  Tannins  are  also
able  to  induce  inhibition  of  bacterial  and  fungal
enzymatic  activity  via  direct  interference  on  the
microorganism’s  metabolism  while  triterpenes  and
sterols  work  by  increasing  the  tolerance  and
resistance of plants to pathogen attacks, although the
exact pathways and mechanisms are not yet known
(41, 42). 

Conclusion

In line with the objectives of the study, analysis and
results,  the  following  conclusions  and  implications
were made:

1.  B.  blumeana (kawayang  tinik)  extracts  showed
varying ranges of antimycotic activity against A.
niger and P. chrysogenum. Thus, kawayang tinik
can  be  a  potential  source  of  natural
pharmacotherapeutic  products  against  these
pathogenic fungal species.

2.  Ethanolic  extracts  of  roots  and  inner  culm
exhibited  the  highest  mean  zone  of  inhibition
(ZOI) against  A. niger while ethanolic  root and
leaf  extracts  exhibited  better  inhibitory
potentials against P. chrysogenum.  

3.  B.  blumeana (kawayang  tinik)  extracts  contain
phytocompounds  such  as  alkaloid,  sterols,
flavonoids,  tannins and phenol.  Hence, further
studies  are  needed  to  specifically  harness  the
compounds producing antifungal effects.
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Abstract. In the present study, phytochemical screening of ethanolic extracts of Azadirachta indica 

leaves from Indonesia and the Philippines revealed the presence of different phytoconstituents. 

Preliminary qualitative chemical test, TLC and LC-MS were used. TLC for all the extracts showed 

bands in long UV 366 for presence of flavonoid, tannin, saponin, terpenoid. As a result of LC-MS 

analysis of ethanolic extract Azadirachta indica leaves from Indonesia and Philippines, 10 

compounds from Indonesian varian and 7 compounds from the Philippines varian were detected 

using m/z value. In conclusion, phytochemical screening based on TLC and LC-MS/MS show 

diverse bioactive compounds in ethanolic extract Azadirachta indica leaves from Indonesia and the 

Philippines. These can be effective approach for selecting best quality of varian leaves and planting 

area. 

1. Introduction 

Characterize natural product for new drug discovery has been concerned lately. Some of herbal products 

prove to offer synthetic drug substance. There are several factors that influence the quality of the herbs. 

Variation, environment conditions, storage, processing can be those influence quality factors of the herbs. 

Characterization compounds of herbs extract can be a standard procedure to find out the quality of the 

herbs. 

Azadirachta indica (Neem) leaves are native of dry areas (Rojas-Sandoval et al., 2014). It was naturally 

distributed in Thailand, Malaysia, Philippines and Indonesia and has become one of the most widespread 

trees in tropical and subtropical areas. Neem plant as medicinal plant is reported to have antifungal (Lloyd 

et al., 2005), hepatoprotective (Pingale, 2010), anti-inflammatory (Jagadeesh et al., 2014), anthelmintic 

(Beltran et al., 2019), anti-cancer, insecticidal. The chemical constituents of Azadirachta indica leaves have 

a very important role in medicinal applications and it is believed due to its biologically active components. 

In this present study, analytical method TLC and LC-MS was undertaken for identifying 

phytoconstituent. Thin layer Chromatography (TLC) is a very commonly used technique for identifying 

compounds, is a method of analysis in which the stationary phase, a finely divided solid, is spread as a thin 

layer on a rigid supporting plate; and the mobile phase, a liquid is allowed to migrate across the surface of 

the plate (Gennaro, 2000). This analytical tool is used because of its simplicity, speed of separation, cost 

effectiveness and high sensitivity. 
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LC-MS/MS  are used for characterization and quantitation of herbal medicines because full 

characterization of these product. The advantages of LC-MS/MS are its high sensitivity and high-

throughput to confirm the identity of the components in complex herbal extract, along with the detection 

and identification of unknown and unexpected compounds (Krug et al., 2008). 

The aim of this research study was to assess the bioactive components present in the ethanolic extract of 

Azadirachta indica leaves varian Indonesia and Philippines using phytochemical screening and 

chromatographic analysis. So the result could be developed and applied to the pharmaceutical production 

and quality control of botanical product. 

 

2.  Material and Methods 

2.1. Collection and Authentication of Plant Material 

Fresh Azadirachta indica leaves were collected from Indonesia (Madura) dan Philippines (Camiling). The 

plant specimens were authenticated by Laboratorium of Plant Taxonomy, Universitas Brawijaya. Number 

identification of these plant is 0238/UN10.F09.42/03/2018. 

 

2.2. Preparation of Plant Extract 

The leaves were cleaned by washing with running water and shade dried and the milled to pass through 

100-mesh sieve. The leaf powder was extracted by maceration for three days with 80% ethanol at room 

temperature. The extracts were concentrated at 45C using Rotary vacuum evaporator to yield 80% 

hydroethanolic fraction as brownish green viscous residue. The concentrated extracts were keep in 

refrigerator at 4°C until further use. 

 

2.3. Preliminary Phytochemical Screening 

Test for the presence and absence of phytochemical compounds using standard methods involves the 

addition of an appropriate chemical agent to all the extract in a test tube and shaken. The different qualitative 

chemical test were performed for establishing profile of given extract for its chemical composition. 

Phytochemical screening of ethanolic extract of  Azadirachta indica varian Indonesia and Philippines were 

carried out for alkaloids, flavonoid, saponin, tannin, terpenoid.  

 

2.3.1. Alkaloid. 500 μL of ethanolic extract of Azadirachta indica varian Indonesia and Philippines of 

10,000 ppm put in a test tube, then added 0.5 mL 2% hydrochloric acid. The solution was divided into three 

tubes. Tube 1 solution was added 0.5 mL acid solution dilute as a comparison, tube 2 was added 2-3 drops 

of Dragendorff's reagent, and tube 3 was added 2-3 drops of Mayer's reagents. If tube 2 was formed orange 

precipitation and tube 3 was formed yellowish precipitation. It indicated the presence of alkaloids. 

 

2.3.2. Flavonoid. 500 μL of ethanolic extract of Azadirachta indica var. Indonesia and Philippines of 10,000 

ppm put in a test tube, then added 1-2 ml hot methanol 50%. The solution was mixed by Magnesium and 

4-5 drops of hydrochloric acid concentrate. Formation of red or orange colour indicated the presence of 

flavonoid. 

 

2.3.3. Saponin. 500 μL of ethanolic extract of Azadirachta indica var. Indonesia and Philippines of 10,000 

ppm was diluted with 10 ml distilled water and this was shaken 1 minute. Formation of bubble was added 

2 drops of HCl 1 N. The stable bubble indicated the presence of saponin. 

 

2.3.4. Tannin. 500 μL of ethanolic extract of Azadirachta indica var. Indonesia and Philippines of 10,000 

ppm was diluted with 1-2 ml distilled water and this was added 2 drops FeCl3 solution.. Formation of green 

blackish colour indicated the presence of tannin. 

 

2.3.5. Terpenoid. 500 μL of ethanolic extract of Azadirachta indica var. Indonesia and Philippines of 10,000 

ppm was diluted with 0,5 ml chloroform and this was added 0,5 ml anhydrous acetic acid. Then 1-2 ml 
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concentrated sulphuric acid. The appearance of reddish brown or violet ring indicated the presence of 

terpenoids. 

 

2.4. Thin Layer Chromatography 

The presence of number of phytoconstituents flavonoids, saponins, tannins, terpenoid in ethanolic extract 

of Azadirachta indica var Indonesia and Philippines, which further became the basis for the phytochemical 

investigations through TLC on analytical plates over silica gel (TLC grade; Macherey-Nagel; Germany). 

The plates were dried in hot air oven at 110°C for 30 mins and then stored in a dry atmosphere and used 

whenever required. Samples were prepared by diluting the crude extracts of ethanol with respective solvent 

and then applied usually 1-10μl volumes to the origins of a TLC plate 1 cm above its bottom with the help 

of capillary tubes. After the application of the sample on the plate the plates were kept in TLC glass chamber 

(solvent saturated) than mobile phase was allowed to move through adsorbent phase up to top of the plate. 

The developed TLC plates were air dried. They were later spray with different spraying reagent. Rf were 

observed under long UV 366 nm. Calculation of Rf value is done with this formula: 

𝑅𝑓 =  
𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒

𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑓𝑟𝑜𝑛𝑡
 

 

2.5. LC-MS Screening 

LC-MS screening was performed using LC-MS Thermo Scientific Dionex Ultimate 3000 RSL Cnano with 

micro flow meter in Lembaga Sentral Ilmu Hayati Universitas Brawijaya, Malang, equipped with 

Electrospray ionization (ESI). The LC-MS analytical data were optimized using a background subtraction 

technique of chromatography with the Analyst version: Compound Discoverer with mzCLoud MS/MS 

Library. The principle of this method is to reduce background. Data containing more real m/z were 

observed. Each compound was then identified from reference compounds based molecular weight of the 

structure.  

 

3. Result and Discussion 

3.1. Phytochemical Screening 

The presence and absence of the phytochemical in Azadirachta indica var. Indonesia and Philippines are 

listed in the table 1. Our result revealed that flavonoid, tannin, saponin, terpenoids are present in ethanolic 

extract of Azadirachta indica var. Indonesia and Philippines. 

 

Table 1. Result of phytochemical screening. 

Constituents Test performed Ethanolic extract 

Indonesia Philippines 

Alkaloid Dragendorff's Test - - 

Mayer’s Test - - 

Flavonoid Hydrochloric acid Test + + 

Saponin Froth Test + + 

Tannin Ferric chloride Test + + 

Terpenoids Salkowski's Test + + 

 

 

3.2. Thin Layer Chromatography Profiling 

TLC profiling of all extracts gives result the presence of number of phytochemicals. Various 

phytochemicals gives different Rf values. Different Rf values of the compound reflect an idea about their 

polarity. Mixture of solvents can be used for separation of pure compound from plant extract. The presence 

of any significant bioactive natural product indicates the necessity of separation of the compound from the 
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mixture of compounds through suitable chromatographic techniques. In the present study, flavonoids, 

saponin, tannin and terpenoid are confirmed to be present.  

 

Table 2. Phytochemical analysis of Azadirachta indica leaves from Indonesia and the Philippines by Thin 

Layer Chromatography (TLC). 

Chemical  

Name 

Solvent System Extract Neem 

Leaves 

Rf Values Spray Reagent 

Flavonoid ethyl acetate: 

methanol: aqua (5:1:5 

Indonesia 0.03, 0.15 Ammonia 

The Philippines 0.06, 0.77 

Saponin chloroform: methanol: 

aqua (13:7:2) 

Indonesia 0.26, 0.87 Sulphuric acid 

10% The Philippines 0.22, 0.85, 0.90 

Terpenoid toluene: ethyl acetate 

(7:3) 

Indonesia 0.19, 0.49 Liebermann 

burchard The Philippines 0.27, 0.32 

Tanin n-butanol: acetic acid 

glacial: Aqua 

(2:0,5:1,1) 

Indonesia 0.27 FeCl3 1% 

The Philippines 0.23 

 

 

 

 

 

 

 

 

 

 

 

 

           (a)            (b)           (c)             (d) 

Figure 1. Photograph of TLC of flavonoid (a) 

Indonesian (b) Indonesian (after spray) (c) 

Philippines (d) Philippines (after spray). 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

             (a)            (b)           (c)             (d) 

Figure 2. Photograph of TLC of saponin (a) 

Indonesian (b) Indonesian (after spray) (c) 

Philippines (d) Philippines (after spray). 

   

 

 

 

 

 

 

 

 

             (a)            (b)           (c)             (d) 

 

 

 

Figure 3. Photograph of TLC of terpenoid (a) Indonesian 

(b) Indonesian (after spray) (c) Philippines (d) 

Philippines (after spray). 
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                                                      (a)            (b)           (c)             (d) 

Figure 4. Photograph of TLC of tanin (a) Indonesian (b) Indonesian (after spray) (c) Philippines (d) 

Philippines (after spray). 

 

3.3.  LC-MS Screening 

 
Figure 5. LC-MS chromatogram of ethanolic 

extract of Azadirachta indica varian Indonesia 

leaves. 

 
Figure 6.  LC-MS chromatogram of ethanolic 

extract of Azadirachta indica varian Philippines 

leaves.

 

    Table 3. Bioactive compounds in ethanolic extract of Azadirachta indica varian Indonesia leaves. 

No. Name of Compounds Group 
Molecular 

Formula 

Molecular 

Weight 

[M+HJ]+ (m/z) 

observed 

1. Betulin 

Terpenoid 

C30H50O2 442.728 442 

2. Ginsenoside C42H72O13 785.025 785 

3. Caryophyllene oxide C15H24O 220.356 220 

4. Soyasaponin I Saponin C48H78O18 943.134 943 

5. Ecgonine Alkaloid C9H15NO3 185.223 185 

6. Scutellarin 

Flavonoid 

C21H18O12 462.363 462 

7. Epicatechin C15H14O6 290.271 290 

8. Icariin C33H40O15 676.668 676 

9. Sesamolin C20H18O7 370.357 370 

10. Lupeol C30H50O 426.729 426 
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Table 4. Bioactive compounds in 80% ethanolic extract of Azadirachta indica varian Philippines leaves. 

No. Name of Compounds Group 
Molecular 

Formula 

Molecular 

Weight 

[M+HJ]+ (m/z) 

observed 

1. Betulin 

Terpenoid 

C30H50O2 442.728 442 

2. Caryophyllene oxide C15H24O 220.356 220 

3. Andrographolide C20H30O5 350.455 350 

4. 10-Deacetylbaccatin III C29H36O10 544.597 544 

5. 
3-Acetyl-11-keto-β-

boswellic acid 
C32H48O5 512.731 512 

6. 

O-

chloroacetylcarbamoylfuma

gillol 

C19H28ClN

O6 

401.884 401 

7. Rutin Flavonoid C27H30O16 610.521 610 

 

On the basis of the LC-MS the known compounds, 10 compounds (4 terpenoids, 1 alkaloid, 2 flavonoids, 

2 lignins, 1 saponin) were identified from 80% ethanolic extract of Azadirachta indica varian Indonesia 

leaves and 7 compounds (6 terpenoids, 1 flavonoid) were identified from 80% ethanolic extract of 

Azadirachta indica varian Philippines leaves. Betulin and caryophyllene oxide  were identified in both 

varian. 

4.  Conclusion  

In the present study, ethanolic extract of Azadirachta indica var. Indonesia and Philippines showed the 

presence of bioactive compound such as flavonoids, terpenoids, saponins, tannin. This study also leads to 

the further research in the way of isolation and identification of the active compound from the leave of  

Azadirachta indica var. Indonesia and Philippines using chromatographic and spectroscopic techniques. 
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