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Abstract 

Context: The extraction mode plays a key role in extracting a particular type of pharmacologically active compounds that can be isolated as leads to 
develop novel therapeutic molecules. 

Aims: To evaluate the impact of extraction mode on extract yield, phytochemicals constituents, and antidiabetic activity of different parts of the 
Calotropis procera. 

Methods: The different parts extracts were prepared by maceration and Soxhlet extraction. The resulting extracts were subjected to determining 
phytochemical constituents and antidiabetic activity using in vitro models (inhibition of alpha-amylase, glucose uptake by yeast cell, and inhibition 
of non-enzymatic Hb-glycation).  

Result: The yield of extracts was higher in Soxhlet extraction in both solvents compared to maceration. Likewise, methanol extract of all the parts 
prepared by Soxhlet extraction exhibited higher contents of total polyphenols and tannins (430.2 ± 0.99 and 228.3 ± 3.8, respectively). On the other 
hand, total flavonoids and terpenoids were more in all parts prepared by maceration. The extract of flower and stem prepared by maceration 
exhibited 64.87 ± 0.720%, 70.32 ± 0.75%, and 56.86 ± 0.13% antidiabetic activity in alpha-amylase enzyme, non - enzymatic Hb glycation inhibition, 
and glucose enhancement in yeast, respectively (p<0.05) as compared to standards. The IC50 of alpha-amylase inhibitory assay and non-enzymatic 
Hb- glycation was 600 µg/mL and 420 µg/mL, respectively, and EC50 for glucose uptake assay was 400 µg/mL. 

Conclusions: This study revealed that maceration extracts with higher flavonoid and terpenoid content have higher antidiabetic action than Soxhlet 
extracts. This study will assist in the future for the isolation of antidiabetic compounds from the plant.  
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Resumen 

Contexto: El modo de extracción juega un papel clave en la extracción de un tipo particular de compuestos farmacológicamente activos que pueden 
aislarse como conductos para desarrollar nuevas moléculas terapéuticas.  

Objetivos: Evaluar el impacto del modo de extracción en el rendimiento del extracto, los componentes fitoquímicos y la actividad antidiabética de 
diferentes partes de Calotropis procera. 

Métodos: Los extractos de las diferentes partes se prepararon mediante maceración y extracción Soxhlet. Los extractos resultantes se sometieron a la 
determinación de constituyentes fitoquímicos y actividad antidiabética utilizando modelos in vitro (inhibición de alfa amilasa, captación de glucosa 
por células de levadura e inhibición de glicación de Hb no enzimática). 

Resultados: Se encontró que el rendimiento de extractos fue mayor en la extracción Soxhlet en ambos solventes en comparación con la maceración. 
Asimismo, el extracto metanólico de todas las partes elaborado por extracción Soxhlet presentó mayores contenidos de polifenoles totales y taninos 
(430.2 ± 0.99 and 228.3 ± 3.8, respectivamente). Por otro lado, los flavonoides totales y terpenoides fueron más en todas las partes, preparados por 
maceración. El extracto de flor y tallo preparado por maceración exhibió 64,87 ± 0,720%, 70,32 ± 0,75% y 56,86 ± 0,13% de actividad antidiabética en 
la enzima alfa amilasa, inhibición de la glucosilación de Hb no enzimática y mejora de la glucosa en levadura respectivamente (p<0,05) en 
comparación a los estándares. 

Conclusiones: Este estudio reveló que los extractos de maceración con mayor contenido de flavonoides y terpenoides tienen mayor acción 
antidiabética que los extractos de Soxhlet. Este estudio ayudará en el futuro a aislar compuestos antidiabéticos de plantas. 

Palabras Clave: actividad antidiabética; Calotropis procera; constituyentes fitoquímicos; extracción Soxhlet; maceración. 

 

ARTICLE INFO  
Received: May 31, 2021.  
Received in revised form: July 19, 2021.  
Accepted: July 22, 2021.  
Available Online: August 12, 2021.  

http://jppres.com/jppres
https://doi.org/10.56499/jppres21.1121_10.1.30
http://creativecommons.org/licenses/by-nc-nd/3.0/
mailto:principal.pharmacy@pu.edu.pk
mailto:sadafahsan67@gmail.com


Iftikhar et al. Calotropis procera antidiabetic activity according extraction method 

 

http://jppres.com/jppres  J Pharm Pharmacogn Res (2022) 10(1): 31 

 

 

INTRODUCTION 

The yield and chemical constituents of extracts de-
pend on the mode of extraction and solvents used 
(Abubakar and Haque, 2020). Maceration and Soxhlet 
extractions are the most commonly used for extracting 
plant materials (Abubakar and Haque, 2020). The for-
mer is usually carried out at ambient temperature to 
extract constituents in their original form, whereas later, 
the solvent is evaporated and condensed repeatedly. 
Heating may damage heat-labile compounds (Zhang et 
al., 2018). Therefore, the present study aimed to use 
different extraction modes to investigate their impact 
on yield, phytochemical constituents, and pharmaco-
logical activity of a traditional medicinal plant. 

Calotropis procera (Family: Apocynaceae), commonly 
known as ‘akk’, is a wildly grown plant. It has been 
used in Ayurvedic, Unani, Arabic, and traditional Su-
danese systems of medicine for the treatment of various 
ailments (Sudesh et al., 2012). Almost all parts of the 
plant have been investigated for pharmacological activi-
ties (Rohit et al., 2012). Different extracts of the stem 
have shown antiproliferative effects (Magalhaes et al., 
2010), anti-inflammatory and gastromucosal protective 
effects (Tour and Talele, 2011). The root extracts have 
exhibited anticonvulsant (Jalalpure, 2009) and antifertil-
ity activity (Kamath and Rana, 2002). The root extracts 
were reported to reduce blood glucose levels in strepto-
zotocin-induced diabetic rats (Bhaskar and Ajay, 2009). 
The flower extracts have shown promising mollusci-
cidal activity (Larhsini et al., 1997) and hepatoprotective 
effect (Setty et al., 2007). The leaf extracts have shown 
potent anti-inflammatory and analgesic (Saba, 2011), 
antiulcer and anticancer activities (Al-Taweel et al., 
2017). The significant in vitro and in vivo antidiabetic 
activity of leave extract has been reported (Neto et al., 
2013; Kazeem et al., 2016). These pharmacological activ-
ities indicate the medicinal significance of different 
parts of the plant. Despite all such activities, none of the 
studies was found indicating the effect of extraction on 
chemical constituents and antidiabetic activity. Such 
investigation may add value to the commercial and 
medicinal significance of the plant. Therefore, this study 
aimed to investigate the effect of extraction methods on 
yield, phytochemical constituent, and antidiabetic activ-
ity of different parts of Calotropis procera.  

MATERIAL AND METHODS 

Plant material collection and authentication 

The flower, leaf, root, and stem of the plant were col-
lected from different areas of Lahore, Pakistan, from 
April to June 2018. The plant was authenticated by Prof. 
Dr. Zaheer U-Din Khan, Government College Universi-
ty, Lahore, Pakistan, whereby a specimen voucher bear-
ing number 2986 was submitted. All the parts were 
cleaned from foreign matter, washed, and dried under 
shade for a month. All the parts were pulverized to a 
fine powder and kept separately in cleaned jars for fur-
ther use.  

Chemicals  

Aluminum nitrate, potassium acetate, copper sul-
fate, quercetin, Folin-Ciocalteu (FC) reagent, gallic acid, 
glucose, tannic acid, sodium carbonate, and perchloric 
acid were obtained from Merck, Darmstadt, Germany. 
Alpha-amylase (3-5 U/mg UniChem Chemical Reagent, 
Beograd), potato starch (Sigma-Aldrich), acarbose 
(Bayer Pakistan Ltd., Pakistan), hemoglobin powder 
(HiMedia Laboratories, Pvt, Ltd., India), gentamicin 
(Merck Pharmaceuticals Ltd., Pakistan), and commer-
cial baker yeast were procured from the local market. 
In-lab prepared distilled water was used where needed. 

Preparation of extracts 

The flower, leaf, root, and stem extracts were pre-
pared by cold maceration (CM) and Soxhlet extraction 
(SE). Forty grams of each part was extracted by macera-
tion for 3 days using 200 mL of hexane and methanol. 
The procedure was repeated thrice using a fresh sol-
vent. The same quantity of each material was extracted 
by the Soxhlet apparatus for 72 h using 500 mL of hex-
ane and methanol at 65°C. All the extracts were dried 
under reduced pressure by a rotatory evaporator. The 
yield of each extract was calculated with reference to 
dried material. The extracts were placed in a cool and 
dry place at 4°C till further use. 

Estimation of phytochemical constituents 

Total polyphenol 

The Singleton et al. (1999) method was used for total 
polyphenol content determination. Briefly, a reaction 
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mixture containing 200 μL test sample/standard and 
FC reagent was allowed to stand 4 min and mixed with 
1 mL of sodium carbonate solution (15%, w/v), and the 
volume was made 3 mL with methanol. The mixture 
was incubated for 2 h at room temperature, and the 
absorbance was measured at 760 nm at UV-Visible 
spectrophotometer (Model-2550, Shimadzu Scientific 
Instruments, USA, equipped with operating system UV 
Probe 2.21). A blank containing all the components and 
methanol equivalent to sample volume was prepared 
and treated like the sample. The gallic acid solutions in 
a concentration range (10, 25, 50, 100, 200 and 400 
μg/mL) were treated as the sample to construct a cali-
bration curve to determine total polyphenols (mg 
equivalents of gallic acid, mgGAE/g). 

Total flavonoids 

Total flavonoid content was determined by the 
method of Chang et al. (2002). A reaction mixture con-
taining 200 μL of test sample/standard, 100 μL of AlCl3, 
100 μL of potassium acetate (1 M), and 4.6 mL of dis-
tilled water was incubated at room temperature for 45 
min in the dark. Then, the absorbance was measured at 
415 nm against a blank (UV-Visible spectrophotometer 
(Model-2550, Shimadzu Scientific Instruments, USA), 
blank containing all components replacing sample with 
methanol. The quercetin solutions of different concen-
trations were treated like the sample to construct a cali-
bration curve to determine total flavonoids (mg equiva-
lents of quercetin, mgQE/g). 

Total tannins 

Total tannins were estimated using FC reagent with 
minor modification (Alif et al., 2018). A reaction mix-
ture containing 200 μL sample/standard solution, 0.5 
mL of FC reagent, and 7.5 mL distilled water was kept 
for 5 min. Then, 1 mL of sodium carbonate solution 
(30%, w/v) and 10 mL of distilled water were added, 
and the mixture was incubated for 30 min at the dark. 
The absorbance was measured spectrophotometrically 
at 725 nm against a blank containing all the ingredients 
replacing sample volume with methanol. The absorb-
ance of tannic acid solution (10, 25, 50, 100, 200, 400 
μg/mL) was used to construct a calibration curve. Total 
tannins (mg equivalents of tannic acid, mgTAE/g) were 
determined from the linear regression equation. 

Total triterpenoids  

Total triterpenoid content was determined by the 
method (Fan and He, 2006). A reaction mixture contain-
ing 200 μL of sample/standard (lupeol), 300 μL of 

(7.5%, w/v) of vanillin glacial acetic acid solution and 
2.5 mL of perchloric acid was heated for 30 min at 50ºC. 
The mixture was allowed to cool in ice-cold water. 
Then, 5 mL of glacial acetic acid were added, and the 
absorbance was taken spectrophotometrically at 540 nm 
against blank. The blank containing all the components 
was prepared replacing sample volume with methanol. 
The lupeol solutions were treated like the sample to 
construct a calibration curve to determine total triterpe-
noids content (mg equivalents of lupeol, mgLE/g). 

In vitro antidiabetic activity 

Inhibition of alpha-amylase  

The alpha-amylase inhibition activity was per-
formed as described by Kazeem et al. (2016). Briefly, a 
reaction mixture containing 1 mL of alpha-amylase 
solution (1%) prepared in 0.02 M phosphate buffer solu-
tion (pH 6.9) and 1 mL sample (1 mg/mL) was incubat-
ed at 37ºC for 5 min. Then, 1 mL of 1% starch solution 
was added, and contents were incubated again at 37ºC 
for 10 min. The reaction was stopped by adding 2.0 mL 
of 96 mM 3, 5-dinitro salicylic acid and boiling in a wa-
ter bath for 10 min. The contents were allowed to cool at 
room temperature, and after adding 10 mL distilled 
water, the absorbance was measured spectrophotomet-
rically at 540 nm against a blank, containing all the 
components and methanol in place of the sample. Acar-
bose was used as a standard, and the enzyme inhibition 
(EI) was determined using the equation [1]. 

EI (%) = Absorbance of control- Absorbance of sample × 100 
Absorbance of control 

[1] 

Glucose uptake by yeast 

Glucose uptake by yeast cells was determined using 
the method (Cirillo, 1962). A quantity of 1 g of commer-
cial baker yeast was added in distilled water (10 mL), 
mixed and centrifuged at 4000 rpm for 10 min. The 
supernatant was removed, and the extraction procedure 
was repeated till clear supernatant was obtained. The 
yeast pellet was suspended 10 mL distilled water (1 mL 
of clear yeast supernatant and 9 mL of distilled water). 
A reaction mixture containing an equal volume of 10 
mM glucose solution and sample/standard (1 mg/mL) 
was incubated at 37ºC for 10 min. Then, 100 μL yeast 
suspension was mixed by vortex, and contents were 
further incubated for 1 h at 37ºC. The reaction mixture 
was centrifuged for 5 min at 2500 rpm, and the quantity 
of glucose in the supernatant was determined at 540 nm 
(UV-Visible spectrophotometer (Model 2550, Shimadzu 
Scientific Instruments, USA, equipped with operating 
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system UV Probe 2.21). Metformin was used as stand-
ard, and blank contained distilled water instead of the 
sample was used as a blank. The increase in glucose 
uptake (IGU) was determined using the equation [2]. 
The EC50 was calculated from a dose-dependent re-
sponse (50-1000 µg/mL). 

IGU (%) = Absorbance of control – Absorbance of sample × 100 
Absorbance of control 

[2] 

Non-enzymatic hemoglobin glycation inhibition  

The non-enzymatic anti-glycation effect was deter-
mined (Parker et al., 1981) and modified by (Adisa et 
al., 2004). The sample/standard, glucose, and hemoglo-
bin (Hb) solutions were prepared in 0.01 M phosphate 
buffer pH (7.4). A reaction mixture containing equal 
volume of extract/standard gallic acid (1 mg/mL), glu-
cose 10 mM, Hb (0.6 mg/mL) and gentamicin (0.2 
mg/mL) solutions were incubated in the dark at room 
temperature for 72 h. Then, the absorbance was meas-
ured at 443 nm at different time intervals of 24, 48, and 
72 h. The blank was prepared in the same way by re-
placing the sample with buffer. Inhibition of glycosyla-
tion of hemoglobin was determined using equation [1]. 
The IC50 was also determined from the dose-dependent 
response at 72 h. 

Statistical analysis 

All the tests were performed in triplicate, and data 
were expressed as mean ± SD. The data was analyzed 
by COSTAT 6.451 version, and for comparison, the 
Student-Newman-Keuls test was used at p<0.05. The p 
values <0.05 were considered statistically significant. 

RESULTS  

Effect of extraction mode on yield 

The impact of extraction mode on extract yield of 
different parts of the plant is given in Table 1. The ex-
tract yield was found to be higher in Soxhlet extraction 
than cold maceration. However, among both modes of 
extraction, the yield of methanol extract was found to 
be higher than that of the hexane extracts. The lower 
yield of hexane extracts indicates that all the parts con-
tain a lower amount of non-polar compounds. 

Effect of extraction mode on constituents 

The phytoconstituents of 4 parts of the plant extracts 
were affected by extraction mode, as shown in Table 2. 
These results indicated that methanol extract of all the 
parts exhibited higher contents of total polyphenols and 
tannins prepared by Soxhlet heat, whereas methanol 
extract of all parts prepared by maceration contained a 
higher amount of total flavonoid and triterpenoids. 

Effect of extraction mode on antidiabetic activity  

The methanol extracts of all parts prepared by mac-
eration exhibited higher antidiabetic activity by all 
models than Soxhlet extracts. The macerated extracts of 
different parts were significantly different from stand-
ard (p<0.05) except flower and stem hexane extracts. 
The enzyme inhibition activity of extracts is given in 
Fig. 1A. The flower methanol extract was found to be a 
more active inhibitor than acarbose. The order of inhibi-
tory potential of different extracts for alpha-amylase 
was flower> stem> leave> root. The dose-dependent 
response (50-1000 µg/mL) was used to calculate the 
IC50 of the most active part extract (flower methanol 
extract). It was 600 µg/mL, as shown in Fig. 1B. 

The glucose uptake enhanced by extracts of different 
parts is given in Fig. 2A. These results indicated that 
extracts had a higher ability to enhance glucose uptake. 
Glucose uptake was observed more in stem methanol 
extract than metformin. The dose-dependent response 
(50-1000 µg/mL) was used to calculate the EC50 of the 
stem's most active part (methanol extract). It was 400 
µg/mL, as shown in Fig. 2B.  

At different time intervals, the non-enzymatic Hb-
anti glycation potential of extracts and gallic acid re-
sults depicted that the potential of anti –glycosylation 
was maximum at 72 h and minimum at 24 h. The flower 
methanol extracts showed higher inhibition of glycosyl-
ation (70.11 ± 0.75%) as compared to standard at 72 h. 
At 72 h the order of anti-glycation potential was flower 
>stem> leave>latex>root extract. The result of these 
assays is shown in Fig. 3A-C. The IC50 of most active 
flower methanol extract at 72 h was 420 µg/mL, as 
shown in Fig. 3D. 
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Table 1. Impact of extraction mode on yield of different extracts Calotropis procera. 

Extraction Solvent  Yield (%) 

mode Flower Leaf Root Stem 

Maceration Hexane 7.8 ± 0.4e 5.8 ± 0.45e 9.8 ± 0.65de 5.8 ± 0.30e 

Methanol 34.3 ± 4.5bc 35.3 ± 2.5bc 36.0 ± 4.0bc 38.8 ± 2.2b 

Soxhlet extraction Hexane 9.7 ± 0.72de 13.0 ± 2.0d 14.2 ± 2.5d 13.4 ± 1.5d 

Methanol 43.8 ± 1.0a 35.9 ± 1.8bc 31.7 ± 2.1c 38.4 ± 4.0b 

Data are expressed as mean ± SD (n = 3). Different letters indicate statistically significant differences (p<0.05). 

 

Table 2. Extraction mode effect on phytochemical constituents of 4 parts extracts of Calotropis procera. 

Extracts Total polyphenols 

(mgGAE/g) 

Total flavanoid 

(mgQE/g) 

Total tannins 

(mgTAE/g) 

Total triterpenoid 

(mgLE/g) 

CM SE CM SE CM SE CM SE 

FLHE 39.4 ± 1.7n 69.9 ± 2.6k 295 ± 2.5i 174.5 ± 2.5k 17.5 ± 2.5j 123.3 ± 3.8d 97.7 ± 0.25l 42.7 ± 2.7o 

FLME 393.5 ± 2.6c 430.2 ± 0.99a 685.8 ± 5.2a 595.0 ± 2.5c 169.1 ± 1.4b 228.3 ± 3.8a 330.0 ± 2.5c 280.0 ± 2.5e 

LEHE 61.4 ± 1.8l 199.2 ± 4.9h 346.6 ± 1.4h 299.0 ± 1.4i 30.0 ± 2.5i 57.5 ± 2.5g 180.8 ± 3.8i 121.6 ± 1.4k 

LEME 249.2 ± 1.9g 369.9 ± 3.9d 637.5 ± 2.5b 556.6 ± 1.4d 93.3 ± 1.4f 120.0 ± 2.5d 233.3 ± 5.2g 221.6 ± 5.7h 

RTHE 7.8 ± 2.9o 46.9 ± 4.9m 282.7 ± 2.5j 270.0 ± 2.5k 45.0 ± 2.5h 6.6 ± 2.8k 63.3 ± 5.2n 8.8 ± 1.2p 

RTME 255.0 ± 1.7g 303.8 ± 4.3f 599.1 ± 3.8c 519.1 ± 1.4f 89.1 ± 1.4f 105.8 ± 1.4e 313.3 ± 3.8d 242.5 ± 2.5f 

STHE 76.8 ± 0.9j 180.2 ± 1.9i 377.5 ± 5.0g 295.0 ± 2.5i 6.6 ± 1.4k 19.1 ± 1.4j 137.5 ± 2.5j 87.9 ± 8.3m 

STME 321 ± 2.6e 407.2 ± 4.3b 633.3 ± 2.8b 545.0 ± 2.5e 120.0 ± 4.3d 150.8 ± 3.8c 428.3 ± 1.4a 339.1 ± 6.2b 

Data are expressed as mean ± SD (n = 3). Different letters indicate statistically significant differences (p<0.05). FLHE: Flower hexane extract; 
FLME: Flower methanol extract; LEHE: Leaf hexane extract; LEME: Leaf methanol extract; RTHE: Root hexane extract; RTME: Root methanol 
extract; STHE: Stem hexane extract; STME: Stem methanol extract; GAE: Gallic acid equivalent; QE: Quercetin equivalent; TAE: Tannic acid 
equivalent; LE: Lupeol equivalent; CM: Cold maceration; SE: Soxhlet extraction. 

 

A B 

 

 

Figure 1. (A) Extraction mode impact on enzyme inhibition assay at different parts extracts and standard (1 mg/mL); (B) the 
IC50 of flower methanol extract in the alpha-amylase inhibition assay. 

Data are expressed as mean ± SD (n = 3). Different letters indicate statistically significant differences (p<0.05). CM: Cold maceration; SE: 
Soxhlet extraction; meoh: methanol. 
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Figure 2. (A) Extraction mode impact on increasing glucose uptake by different extracts and the standard; (B) the EC50 
of stem methanol extract indicated at 400 µg/mL. 

Data are expressed as mean ± SD (n = 3). Different letters indicate statistically significant differences (p<0.05). CM: Cold maceration; 
SE: Soxhlet extraction; meoh: methanol. 

 

A B 

  

C D 

  

Figure 3. Extraction mode impact on (A) non-enzymatic anti-glycation of extracts at 24 h; (B) non-enzymatic anti-
glycation of extracts at 48 h. All the extracts are different from standard except f extracts; (C) non-enzymatic anti-
glycation of extracts at 72 h. a, b, f, g extracts were significantly different from the standard and each other at 72 h; 
(D) the IC50 of flower methanol extract in the non-enzymatic anti-glycation assay.  

Data are expressed as mean ± SD (n = 3). CM: Cold maceration; SE: Soxhlet extraction; meoh: methanol. 

 

DISCUSSION 

The maceration and Soxhlet method of extraction 
depicts the distinctive effects on the yield, nature, and 

activity of the extracts. This could be due to tempera-
ture differences, heat transfer mechanism, solvent-
powder interaction time, and constituent structure. In 
the maceration, heat is transported via conduction and 
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convection (Azwanida, 2015). The components are also 
released from the plant matrix due to a difference in an 
ionic solvent concentration gradient, which may be 
attributed to heat exchange and mass transfer in macer-
ation. Heat provides the activation energy required to 
rupture plant tissue and liberate constituents in Soxhlet 
extraction, and heated solvent repeatedly came into 
contact with the crude powder, shifting the transfer 
equilibrium (Zaidi, 2013). The surface tension of pow-
der particles has decreased as a result of the increase in 
temperature, which has improved the solubility and 
resulted, the yield of the compounds (Vergara-Salinas 
et al., 2012), as evident in Table 1. 

The functionality of phytochemical compounds in 
extracts depends not only on the quantity but also on 
the bond interaction of these compounds with other 
molecules. The heat may also be responsible for the 
variation of the extract constituents. In plants, polyphe-
nol oxidase enzyme, at ambient temperature causes the 
degradation of polyphenols in cells, but at high temper-
ature, enzyme denatures and inhibits polyphenols deg-
radation (Shaimaa and Mahmoud, 2016) and might 
cause dehydration of cell-matrix by breaking down 
polyphenol lipoprotein interactions, lowers the viscosi-
ty of the solvent to enter the plant matrix, promotes the 
diffusion coefficient and solubility rate of phenolic and 
tannin constituents in the solvent (Rajbhar et al., 2015; 
Jovanović et al., 2017). These factors might be responsi-
ble for higher polyphenol and tannin content in Soxhlet 
extraction extracts. This result is comparable with the 
previous study on Diospyros melanoxylon (Harun Al 
Rashid et al., 2019). The structure of thermosensitive 
constituents like flavonol, rutin found in Calotropis 
procera, degrades as the temperature rises. The presence 
of an oxygen moiety in a structure promotes deteriora-
tion, either direct oxidative mechanism or through the 
action of oxidizing enzymes, and makes the structure 
unstable (Ioannou et al., 2012). Because of this, total 
flavonoid and triterpenes levels may be higher in mac-
eration extracts than Soxhlet extracts. The findings are 
comparable with a previous study (Okoduwa et al., 
2016). 

Some bioactive constituents in a plant are either heat 
sensitive or solvent specific. The selection of extraction 
mode has an impact on biological activity too. All the 
antidiabetic models showed that methanol extracts of 
all parts at ambient temperature exhibited potent anti-
diabetic activity, which may be attributed due to the 
presence of higher flavonoids and terpenoids contents 
(Hanhineva et al., 2010; Odjakova et al., 2012; Al-Ishaq 
et al., 2019). The polyphenolic and tannins may also 

exhibit a synergic effect at ambient temperature. The 
lupeol, rutin, quercetin, chlorogenic acid, and ellagic 
acid, etc., are known for potent antidiabetic potential 
and, mentioned in plant literature too, may be respon-
sible for this activity. In inhibitory enzyme assay, alpha-
amylase is inhibited by plant extracts and acarbose, 
which make it unable to convert starch into glucose and 
ultimately lowers the glucose level (Tamil et al., 2010). 
In the glucose uptake model, the increased uptake of 
glucose from the reaction mixture to the yeast cell was 
observed. The glucose entered in a cell by facilitated 
diffusion as glucose concentration decreased within the 
cell due to more utilization of glucose (Teusink et al., 
1998; Ahmed et al., 2009). The metformin and plant 
extracts have the capability to enhance the glucose up-
take from the reaction mixture to yeast cells. In the non-
enzymatic Hb anti-glycosylation model, protein and 
glucose binding resulted in glycosylated hemoglobin. 
Early glycosylation products called Amadori products, 
which resulted in advanced glycation products, which 
are stable and irreversible and cause diabetic complica-
tions. The binding of protein and glucose increased 
with the passage of time, and more glycosylated prod-
ucts formed. But the extracts' antioxidant potential in-
hibits their binding and the formation of glycosylated 
products at 72 h by trapping the reactive carbonyl in-
termediates in advanced glycated end products (James 
et al., 2011). 

CONCLUSION 

This research concludes that maceration and metha-
nol have an effective capability to extract phytochemical 
constituents responsible for antidiabetic activity. The 
study also illustrates the various mechanism of action 
for managing diabetes through plant extracts. The 
study may be helpful for the isolation of antidiabetic 
compounds in the near future, as the most active part 
and extract constituents has been indicated in the pre-
sent work. 
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