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Introduction  

Diabetes Mellitus (DM) is a chronic disease caused by heredity 

or deficiency in insulin secretion, with decreased organ response to 

secreted insulin.1 In such cases, elevated blood glucose levels can 

damage a large part of the body’s system, including blood vessels and 

nerves.2 Diabetes mellitus is one of the most severe diseases and 

metabolic disorders that are currently incurable, indicated by the 

increase in blood glucose levels as a result of absolute or relative insulin 

deficiency and insulin failure to act on the target tissues.3 

The World Health Organization (WHO) predicts that by 2030, the 

number of people with diabetes mellitus in the world will reach 21.3 

million people.4 Based on the latest epidemiological studies, type 2 DM 

has become an epidemic in Indonesia. Nearly 80% of DM is caused by 

the patient's lifestyle, especially in urban communities of Indonesia.5 

The World Health Organization (WHO) states that nearly 70% diabetic 

patients use plants as the main source of antidiabetic agents.3,6 

Approximately 800 types of plants are reported to have antidiabetic or 

immunostimulating potential, but only a few of them are supported by 

scientific research results.7,8 One of the plants that have been used by 

the community for a long time to lower blood sugar level is Timonius 

flavescens (Rubiaceae genus).8–10 

Part of the plant organ Timonius flavescens has lipoxygenase-inhibiting 

properties, anti-inflammatory, and suppresse muscarinic receptors and 

central nervous system.11–13 Although phytochemical investigations of 

T. flavescens are not widely reported, many chemical compounds have 

been isolated from other Timonius species such as triterpenes and 

alkaloids. 13–16 Various species from the Timonius genus have long been 

used as medicine for various diseases, including malaria,17 lung disease 

and gonorrhea,18 as well as hypertension.19 
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Timonius flavescens (of the Rubiaceae genus) is a plant that has long 

been used by the Batak people in Sumatra to lower blood sugar level or 

diabetes.9,10 Ethanol extract from T. flavescens has been shown to have 

antidiabetic properties and potentially as an immunostimulant agent.8 T. 

flavescens contains various secondary metabolites such as terpenoids, 

saponins, phenolics and flavonoids.20 This research was conducted to 

determine the content of compounds in the ethanol extract of T. 

flavescens leaves using mass spectrometry gas chromatography (GC-

MS), which has antidiabetic properties. 

 

Materials and Methods 

Plant material 

The samples used in this study were Timonius flavescens leaves 

obtained in Sipahutar Village, North Sumatra, Indonesia which was 

collected in August 2021. The plant was identified by professor Tri 

Harsono from Universitas Negeri Medan with a reference number of 

No.0087/UN33.4.8.3/LB/2021. The leaves were cleaned with running 

water, then air-dried in a room protected from sunlight for approx. 5 

days. The dried samples were then blended and filtered through a 60-

mesh sieve. 

 

Leaf extract 

A total of 250 grams T. flavescens leaf powder was macerated with 96% 

ethanol as a solvent of 1000 mL in a vessel for 5 days. Then the 

marinade was filtered with Whatman No 1 filter paper, then the pulp 

was macerated again with 96% ethanol and the same ratio (1:4) for up 

to 3 repetitions.21 All the filtered macerate were mixed and evaporated 

with a vacuum rotary evaporator until it turned into viscous extract. It 

was then stored in a refrigerator at 40C.22  

 

Phytochemical analysis 

Phytochemical analysis of the ethanol extract of the leaves of T. 

flavescens on secondary metabolites was carried out qualitatively, 

including testing for alkaloids, flavonoids, phenols, tannins, terpenoid 

saponins and steroids. The qualitative test for the content of secondary 

metabolites was carried out using the standard method.23 

 

Gas Chromatography-Mass Spectroscopy (GC-MS) 

Gas Chromatography-Mass Spectroscopy (Shimadzu QP 5000) was 

conducted using a non-polar DB-5 crosslinked column with a length of 

30 m x ID 0.25 mm x 0.25 m film thickness, consisting of 5% phenyl 
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methyl polysiloxane. The initial temperature was programmed at 50oC 

for two minutes, then increased to 300oC at a speed of 6.5oC/minute for 

10 minutes at final temperature. The injector is set at 2800C and the 

detector at 300oC. Helium gas was used as the carrying agent. 1 µl 

ethanol extract of T. flavescens leaves was diluted in 200 µl of hexane, 

then injected into the GC-MS.24–26 Interpretation of the mass spectrum 

was carried out using the National Institute Standard and Technology 

(NIST) database. Testing of T. flavescens leaf ethanol extract samples 

was repeated 3 times. Ten compounds with the highest retention index 

was analyzed using PubChem National Library of Medicine, National 

Center for Biotechnology Information. 

 

Result and Discussion 

The results of the phytochemical test of the ethanol extract of T. 

flavescens are presented in Table 1. The results of T. flavescens leaf 

extract screening by GC-MS was the first study conducted. The 

chemical components present in the leaf extract of T. flavescens were 

identified using GC-MS analysis with the active principle and retention 

time (RT), molecular formula, and area concentration shown in Table 

2.  

The phytochemical components of the ethanol extract of T. flavescens 

from the GC-MS test are presented in Figure 1. The  compounds 

detected in 3 replications with GC-MS amounted to more than 40, 15 of 

which were detected as having the best antidiabetic agent properties. 

The test results of ethanol extract from T. flavescens leaves of showed 

different results in each test replication. However, compounds such as 

(3β)-stigmast-5-en-3-ol, 3.-(acetyloxy)-15.-hydroxy-5..-cholesta-

8(14),9(11) -dien-7-one, alpha-tocopherol, nonanoic acid, phytol, dan 

2,3-dihydrobenzofuran appeared in each replicate. (3β)-stigmast-5-en-

3-ol is compounds with the highest retention time in each replicate, and 

therefore became the main components of the ethanol extract of T. 

flavescens leaves. In addition, based on the high value of retention time, 

several other compounds were also successfully identified, such as 

hexadecanoic acid, heptanoic acid, neophytadiene, dan campesterol. 

Ethnobotanically, the Batak people in North Sumatra Province, 

Indonesia have consumed boiled water from the leaves of T. flavescens 

to lower blood sugar. The results of the analysis of the antidiabetic 

activity of phytochemical compounds contained in the ethanol extract 

of the leaves of T. flavescens are presented in Table 3.  

(3β)-stigmast-5-en-3-ol is a compound with the highest percentage of 

area that has antidiabetic and antioxidant properties. (3β)-stigmast-5-en-

3-ol is a plant phytosterol that is commonly found in many plants. Other 

common names for (3β)-stigmast-5-en-3-ol yaitu Betasitosterol, (3β)-

stigmast-5-en-3-ol, 22:23-dihydrostig-masterol, alpha-

dihydrofucosterol, cinchol, cupreol, rhamnol, quebrachol and (3β)-

stigmast-5-en-3-ol.27 This compound has been proven effective in 

treating type 2 diabetes mellitus by means of increased insulin 

production, both through antioxidant 28,29 and β-cell regeneration 

properties.28 In addition, (3β)-stigmast-5-en-3-ol was also reported to be 

able to reduce cholesterol levels.30 (3β)-stigmast-5-en-3-ol can also 

increase glucose transport in rat skeletal muscle.31 

 

Table 1. Phytochemical analysis of T. flavescens leaf ethanol 

extract 
 

No Test Result 

1 Alkaloids + 

2 Flavonoids - 

3 Phenol + 

4 Tannins + 

5 Saponins - 

6 Terpenoids - 

7 Steroids + 

- = Absence; + = Presence 

 

Table 2: Phytochemical screening of T. flavescens leaf ethanol extract with GC-MS 
 

No Library 
Area RT 

CAS 
Molecular 

Formula 1 2 3 1 2 3 

1.  (3β)- Stigmast-5-en-3-ol 17.808 17.791 17.799 12.6 12.97 11.93 000083-46-5 C29H50O 

2.  3.-(Acetyloxy)-15.-

hydroxy-5..-cholesta-

8(14),9(11)-dien-7-one 

5.43 8.43 7.42 18.928 18.928 18.928 071076-40-9 C29H44O4 

3.  Alpha-Tocopherol 5.91 5.96 6.55 16.218 16.218 16.218 000059-02-9 C29H50O2 

4.  Hexadecanoic acid 6.2 - - 9.601 - - 000112-39-0 C16H32O2 

5.  Nonanoic Acid 5.19 3.4 3.81 14.012 14.004 14.012 055268-58-1 C9H18O2 

6.  Phytol 3.63 3.7 4.9 10.789 10.781 10.789 000150-86-7 C20H40O 

7.  2,3-dihydrobenzofuran 3.3 3.68 4.36 4.592 4.6 4.592 000496-16-2 C8H8O 

8.  Heptanoic acid - - 3.26 - - 8.105 000111-14-8 C7H14O2 

9.  Neophytadiene  - 2.9 - - 8.994 - 000504-96-1 C20H38 

10.  Campesterol - 2.78 - - 14.047 - 000474-62-4 C28H48O 

 

Compound 3.-(Acetyloxy)-15.-hydroxy-5..-cholesta-8(14),9(11)-

dien-7-one belongs to the class of Cholestane steroids. This compound 

has not been widely studied regarding its effect on the body's 

metabolism. However, it has been reported that Cholestane steroids 

derived from the decoction of the roots of Peniocereus greggii can be 

used for the treatment of diabetes in traditional medicine in Mexico.32 

Alpha-Tocopherol has been reported to be an effective antidiabetic with 

its antioxidant properties.33 Treatment of Diabetes using tocopherol 

fraction significantly increased the glucagon peptide-1 (GLP-1) 

hormone in the cecum of diabetic mice.34 GLP-1 is known to have a 

number of important biological activities, including insulin release, 

glucagon inhibition, and maintenance of pancreatic β-cell mass.35 In 

addition, alpha-Tocopherol can also increase blood pressure 

significantly higher in people with type 2 diabetes mellitus.36,37 The 

administration of alpha-tocopherol supplementation in diabetic patients 

did not significantly affect the lipid profile,38 glucose levels, glycated 

hemoglobin, triacylglycerides, lipoprotein levels, and serum 

malondialdehyde.39 

Heptanoic acid has been identified in various plants that have potential 

as antidiabetic, including Holothuria thomasi,40 Sanbai melon seed oil41 

and even seaweed.42 However, there is no literature that specifically 

examines this compound. The mechanism of antidiabetic by Holothuria 
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thomasi plant occurs by lowering blood glucose levels which is carried 

out by regenerating insulin through increasing plasma insulin levels and 

insulin release from the pancreas,40,43 and inhibits the formation of 

glucose in the bloodstream.40,44 Sanbai melon seed oil is able to prevent 

hyperlipidemia associated with diabetes by regulating impaired glucose 

and lipid metabolism in diabetic rats caused by reactive oxygen species 

(ROS).41 Antidiabetic test conducted by Unnikrishnan42 on seaweed 

showed that seaweed extracts of S. polycystum and S. wightii had a 

significant effect in inhibiting the main carbohydrate hydrolyzing 

enzymes such as α-glucosidase, and inhibits incretin-degrading 

enzymes such as DPP-IV, which can delay carbohydrate digestion and 

glucose absorption and prevent postprandial hyperglycemia. Based on 

the three studies, it was concluded that heptanoic acid has antidiabetic 

potential. 

 

(1) 

(2) 

(3) 

Figure 1. GC-MS analysis ethanolic extract of leaf T. 

flavescens. Testing with 3 repetitions 

 
Phytol is known to improve insulin resistance in diabetics.45 Phytol 

derivatives, namely phytanic acid, can trigger RXR (retinoid X 

receptor) and activate peroxisome proliferator-activated receptor 

(PPAR).45,46  RXRs, commonly referred to as 'rexinoids', function as 

thiazolidinediones (TZDs) which improve insulin resistance, reduce 

hyperglycemia in type 2 diabetes and obesity, and increase pre-

adipocyte differentiation.45,47 

he 2,3-dihydrobenzofuran compounds have synonyms p-vinylphenol, 

benzofuran, coumaran, and dihydrocou-marone are known to act as 

antidiabetics by inhibiting the activity of α-glucosidase enzyme.48 The 

way 2,3-dihydrobenzofuran works, which is by inhibiting the 

performance of this enzyme, can reduce blood glucose levels in 

diabetics by reducing the absorption of glucose from the intestines.49 

The 2,3-dihydrobenzofuran derivative is known to inhibit the sodium-

dependent glucose transporter (SGLT) present in the intestines and 

kidneys so that it can be used as a therapeutic agent for diabetes 

including insulin-dependent diabetes mellitus (type I diabetes mellitus), 

non-insulin-dependent diabetes, mellitus (type II diabetes mellitus), 

diabetic complications, diseases caused by hyperglycemia such as 

obesity and the like.50 

Nonanoic acid stimulates GLP-1 and PYY via OR51E1 signaling in L 

cells, thus having a potential role in olfactory receptor-mediated events 

in GLP-1 and PYY secretion and thus potentially being used in 

therapeutic approaches to treat diabetes.51 GLP-1 secretion has 

insulinotropic activity whose upregulation is considered a potential 

pharmacological target in treating type 2 diabetes.52  

The ethanol extract of Allium saralicum with the main compounds 

linolenic acid-methyl ester, phytol, and neophytadiene can improve 

hyperglycemia due to diabetes and prevent anemia after diabetes by 

controlling hematological parameters.53 While neophytadiene is a 

terpene that is found in many plants that have the potential as antiradical 

and antidiabetic.54,55 Neophytadiene and various other active 

compounds in the leaf extract of the plant Eryngium caeruleum act as 

free radical scavengers and prevent the development of diabetes 

mellitus in experimental animals.54 

Plasma levels of campesterol are associated with dyslipidemia in 

patients with type 2 diabetes.56,57 In people with the metabolic syndrome 

and type 2 diabetes, campesterol levels are significantly lower.58,59 

Lower levels of absorption of campesterol can be used as an indicator 

of an increased risk of developing type 2 diabetes caused by insulin 

sensitivity.60 
 

Conclusion  

The ethanol extract of the leaves of T. flavescens with GC-MS contains 

various metabolites that act as antidiabetic. These compounds have been 

proven to act as antidiabetic for type 1 diabetes mellitus and type 2 

diabetes mellitus. 
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Table 3: Antidiabetic activity of phytochemical compounds contained in ethanol extract of leaf T. flavescens 
 

Name of the 

compound 

Nature of 

Compound 
Structure 

Mol.Wt 

(g/mol) 
Antidiabetic activity 

(3β)- Stigmast-5-en-3-

ol 

Phytosterols 

 

414.7 g/mol • Increased insulin 

production29  

• -cell regeneration28 

• Increase glucose 

transport in skeletal 

muscle31 

3.-(Acetyloxy)-15.-

hydroxy-5..-cholesta-

8(14),9(11)-dien-7-one 

Cholestane 

steroids 

 

456.7 g/mol • It has not been 

reported but 

Cholestane steroids 

are known to have 

antidiabetic 

properties32  

Alpha-Tocopherol Vitamin E 

 

430.7 g/mol • Increased glucagon 

peptide-1 (GLP-1) 

hormone34 

Hexadecanoic acid Palmitic Acid 

 

256.42 

g/mol 

• Regeneration of 

insulin levels and 

insulin release from 

pancreas43 

• Inhibits major 

carbohydrate 

hydrolyzing enzymes 

and incretin-

degrading enzymes42 

Nonanoic Acid Pelargonic acid 

 

158.24 

g/mol 

• Stimulates GLP-1 

and PYY via 

OR51E1 signaling in 

L cells51 

Phytol Diterpenoid 

 

296.5 g/mol • Improve insulin 

resistance45 

• Reduce 

hyperglycemia in 

type 2 diabetes47 

2,3-dihydrobenzofuran Organic 

Heteropolycyclic 

 

120.15 

g/mol 

• Inhibition the activity 

of α-glucosidase 

enzyme48 

• Reduce absorption of 

gluocse from the 

intestines49 
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Name of the 

compound 

Nature of 

Compound 
Structure 

Mol.Wt 

(g/mol) 
Antidiabetic activity 

• Inhibition the 

sodium-dependent 

glucose transporter 

(SGLT) present in 

the intestines and 

kidneys50 

Heptanoic acid Carboxylic Acid 

 

130.18 

g/mol 

• Lowering blood 

glucose levels40 

• Increase plasma 

insulin levels and 

insulin release from 

the pancreas43 

• Inhibit the formation 

of glucose in the 

bloodstream44 

Neophytadiene Alkene & 

Diterpene  

278.5 g/mol • Prevent anemia after 

diabetes by 

controlling 

hematological 

parameters53 

• Prevent the 

development of 

diabetes melitus54 

Campesterol Phytosterols 

 

400.7 g/mol • Indicator incerased 

risk of developing 

type 2 diabetes 

caused insulin 

sensitivity60 
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