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Efficient extraction of cucurbitacins 
from Diplocyclos palmatus (L.) 
C. Jeffrey: Optimization using 
response surface methodology, 
extraction methods and study of 
some important bioactivities
S. B. Patel1, U. A. Attar1, D. M. Sakate2 & S. G. Ghane1*

Diplocyclos palmatus (L.) C. Jeffrey is an important medicinal plant used in several reproductive 
medicines. It serves as a wide source of tetracyclic triterpens called cucurbitacins. Response surface 
methodology (RSM) with Box-Behnken design (BBD) was studied to optimize the production of 
cucurbitacins. RSM put forth the ideal conditions such as 1:30 SS ratio (g/mL), 80 rpm (mixing extraction 
speed), 150 µm mean particle size, 30 min extraction time and 50 °C using chloroform in continuous 
shaking extraction (CSE) and showed the highest cucurbitacin I (CUI) content (2.345 ± 0.1686 mg/g 
DW). Similarly, the highest yield of cucurbitacin B (CUB) (1.584 ± 0.15 mg/g DW) was recorded at 
ideal conditions (1:40 g/mL SS ratio and 60 min time and others similar to CUI). Among the tested 
extraction methods, the highest CUI, CUB, and CUI + B yield (1.437 ± 0.03, 0.782 ± 0.10, 2.17 ± 0.35 
mg/g DW, respectively) as well as promising DPPH radical scavenging activity (25.06 ± 0.1 µgAAE/g 
DW) were recorded from the SBAE (steam bath assisted extraction). In addition, MAE and UAE revealed 
the highest inhibition of α-amylase (68.68%) and α-glucosidase (56.27%) enzymes, respectively. 
Fruit extracts showed potent anticancer activity against breast (MCF-7) and colon (HT-29) cancer cell 
lines (LC50 – 44.27 and 46.88 µg/mL, respectively). Our study proved that SS ratio, particle size and 
temperature were the most positively influencing variables and served to be the most efficient for the 
highest recovery of CUI and CUB. Based on the present study, the fruits of D. palmatus were revealed 
as a potent antioxidant, anti-diabetic and anticancer bio-resource that could be explored further to 
develop novel drug to manage diabetes, cancer and oxidative stress related disorders.

The plants from the family Cucurbitaceae are commonly called as melons, squashes, and gourds which are tra-
ditionally used in the human diet. It comprises 122 genera and 940 species of which 31 genera and 94 species 
are found in India1. Diplocyclos palmatus (L.) C. Jeffrey is a slender-stemmed tendril climber commonly called 
as Shivlingi. Traditionally, this plant has been used in the folk medicine and possesses several activities such as 
gynaecological, anti-asthmatic, anti-convulsant, anti-venom, anti-inflammatory, androgenic and antioxidant2–4. 
The family Cucurbitaceae has been recognized as a rich source of bitter compounds, called cucurbitacins5. The 
cucurbitacins are highly unsaturated triterpenes containing many keto-, hydroxy- and acetoxy-groups. They are 
the major active components in traditional medicine, herbal remedies and Pharmacopoeia to treat various health 
issues such as hepatoprotective, anti-fertility, diabroticites cardiovascular and anti-inflammatory activities6. In a 
recent study, cucurbitacin I (CUI) has been identified as a strong inhibitor of the JAK2/STAT3 signaling path-
way (a common oncogenic signaling pathway), which is constitutively activated in many types of cancer; hence, 
it is considered as a milestone in cancer therapy7. Similarly, cucurbitacin B (CUB) also exhibits strong inhibi-
tory activity against several breast (MDA-MB-231, ZR-75–1, BT474), hepatic carcinoma (BEL-7402), pancreatic 
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(MiaPaCa-2, PL45), and colon (SW480) cancer cell lines. In addition, CUB exhibits potent pharmacological 
activities such as antitumor, anti-hepatic and immune-potentiating effects8,9. Cancer is considered as life threat-
ening disease across the world10. Hence, a high demand of the drugs for new therapies to treat or prevent this life 
threatening disease is the need of the time11. Natural drugs are more preferred in the cancer treatment as chemo- 
and radiation therapy have several ill effects on human beings12. Plant based metabolites have been studied exten-
sively for their anticancer properties13. Cucurbitaceae is a vital source of cucurbitacins showed anti-proliferative 
potential on human cancer cell lines and tumor xenografts, including breast, prostate, lung, uterine cervix, liver, 
skin and brain cancers14. Naturally derived compounds play a very paramount role in pharmaceutical industry 
and act as a template for synthetic and semi-synthetic modification. Most of the drugs used in the cancer therapy 
have been extracted from the natural resources but at the same time separation and purification of these bioactive 
compounds is the most crucial process15. Various extraction techniques such as continuous shaking extraction 
(CSE), microwave assisted extraction (MAE), Soxhlet extraction (SE), ultrasound assisted extraction (UAE) and 
steam bath assisted extraction (SBAE) have been used for the isolation of bioactive compound. These enable us 
in obtaining a better quality and high efficiency of targeted yield from the plant. Hence, one has to optimize the 
recovery of the metabolites using extraction methods16,17.

Response surface methodology (RSM) is a statistical tool usually used in optimization of bioactive compound 
extraction17,18. In RSM, optimized responses, i.e. output variables are controlled by several independent (input) 
variables and found helpful to cut the number of experimental trials needed to test multiple parameters and their 
interactions17,19,20. Therefore, in present work, RSM with Box-Behnken Design (BBD) was used as a statistical tool 
for the optimization of cucurbitacin extraction. Diabetes is considered as one of the most severe diseases that lead 
to a risk of cardiovascular diseases, premature death, kidney failure and depression. It can be effectively managed 
by using natural α-amylase and α-glucosidase inhibitors (AGIs). Very few synthetic AGIs are available but these 
have an adverse effect on human beings21. This necessitates exploring such type of effective, nontoxic and inex-
pensive type of AGIs derived from plants.

Plants are rich sources of antioxidants that inhibit or delay the oxidation process by blocking the initiation of 
oxidizing chain reactions and inhibit formation of hazardous reactive oxygen species (ROS)22. Such antioxidant 
potential may evaluated by several antioxidant assays (DPPH radical scavenging assay, ABTS radical cation scav-
enging and phosphomolybdate assay). Members of the family Cucurbitaceae have proved to be promising antiox-
idants as reported by earlier workers2,3,17,22. In addition, various methods have been employed for the analysis of 
cucurbitacins using TLC, FTIR, HPLC, LC-MS17,23. Hence, the goals of the current study were to optimize extrac-
tion of CUI, CUB and CUI + B using HPLC and RSM as a suitable statistical tool. Further, several extraction 
methods have been evaluated to find out the extraction efficiency for maximizing recovery of cucurbitacins from 
the fruits. In addition, fruit extracts of D. palmatus were studied to investigate in vitro antioxidant, anti-diabetic 
and anticancer potential as well as identification of bioactive metabolites using LC-MS. The present study forms 
the first report on the optimized extraction of the cucurbitacins, some important bioactivities and other metab-
olites using LC-MS.

Results and Discussion
Optimization of cucurbitacins extraction by BBD. On the basis of preliminary experiments (given 
in Supplementary Figure S1), actual experimental value of independent variables were fixed as follows: SS ratio 
(A: 1:20, 1:30, 1:40 g/mL), maceration speed (B: 40, 80, 120 rpm), PS (C: 150, 300, 450 µm), extraction time (D: 
30, 60, 90 min) and extraction temperature (E: 40, 50, 60 °C). Interaction between selected factors and optimal 
conditions were studied using statistical model, i.e. RSM. The design matrix of 46 runs was depicted by employing 
BBD and their respective responses (CUI, CUB and CUI + B, mg/g DW) are presented in Table A1 (The results 
are shown in Supplementary Table A1 and Fig. S1).

Fitting the model. Five independent variables including SS ratio (A), rpm (B), PS (C), time (D) and tem-
perature (E) were investigated and optimized individually using BBD (Table 1). The yield of CUI ranged from 
0.0887–2.3450 mg/g DW. Similarly, yield of CUB ranged from 0.0175–1.5840 mg/g DW. The combined yield 
of both the cucurbitacins CUI + B was noted in between 0.1379–3.8098 mg/g DW. The maximum yield of CUI 
was observed at 1:30 g/mL SS ratio, 80 rpm, 150 µm PS, 30 min and 50 °C temperature, while CUB and CUI + B 
showed maximum yield at 1:40 g/mL SS ratio, 60 min extraction time, while rest of the parameters were in line 
with CUI (Supplementary Table A1). According to multiple regression analysis on the experimental data, the 
model for the predicted yield of CUI (Y1), CUB (Y2) and CUI + B (Y3) could be expressed by the following quad-
ratic polynomial equations (in the form of coded values):

= . + . − . − . − . + .

− . − . + . − . − . − .
− . − . − . + . − . − .
+ . − . − .

Y CUI( ) 0 837 0 1086A 0 0772B 0 4519C 0 0825D 0 0961E
0 164A 0 148B 0 127C 0 035D 0 143E 0 041AB
0 429AC 0 030AD 0 003AE 0 025BC 0 052BD 0 142BE
0 306CD 0 505CE 0 105DE (1)

1
2 2 2 2 2

= . + . + . − . − . + .

+ . + . + . + . + . − .
− . + . − . − . − . + .
+ . − . − . (2)

Y (CUB) 0 3058 0 1286A 0 0193B 0 3586C 0 0455D 0 0580E

0 0386A 0 0561B 0 1753C 0 1714D 0 0094E 0 0559AB
0 3989AC 0 0512AD 0 0185AE 0 0389BC 0 0448BD 0 1360BE
0 1508CD 0 2731CE 0 0859DE

2
2 2 2 2 2
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+ = . + . − . − . − .

+ . − . − . + . + .

− . − . − . + . − .
− . − . − . + . − . − . (3)

Y (CUI B) 1 14 0 2372A 0 0579B 0 8105C 0 1281D

0 1540E 0 1254A 0 0920B 0 3022C 0 1363D
0 1341E 0 0973AB 0 8274AC 0 0207AD 0 0217AE
0 0134BC 0 0973BD 0 0056BE 0 4569CD 0 7785CE 0 1909DE

3
2 2 2 2

2

The significance of each coefficient was determined by F-test and p-value which are listed in Table 1. Respected 
variables are known to be more significant when they reflect greater F and smaller p-values24. It could be seen 
that single independent variable, particle size (C) revealed largest effect on the studied responses viz. CUI, CUB 
and CUI + B (p < 0.01). The results suggested that changing particle size showed remarkable effect on yield of 
CUI, CUB and CUI + B. The remaining variables like SS ratio (A), rpm (B), time (D) and temperature (E) were 
found to be statistically insignificant (p > 0.05). Similarly, interaction of parameters was found to be insignificant 
(p > 0.01) except particle size and temperature (CE) (p < 0.05), and solute solvent ratio and particle size (AC) 
(p < 0.05) in CUI model. Similarly, particle size and extraction temperature (CE) noted statistically significant 
in CUB and CUI + B model (p < 0.05). The p-values of all the three models studied were 0.006, 0.003 and 0.001, 
respectively stated that all the models were significant as well as F values 2.86, 3.17 and 3.61 implied that model 
was found to be the best fit. Lack of fit was also non-significant (p > 0.05) in all the three models which throw light 
on significance of model (Table 1). The beneficence of fit of the models was inspected by coefficient of determi-
nation (R2), which revealed that the explained sample variation was 69.61, 71.70 and 74.29%, respectively. Also, 
adjusted coefficients of determination (Adj R2 = 45.30, 49.06 and 53.73%) were also gratifying to confirm the 
significance of models.

From the above mentioned Eqs. (1), (2) and (3), it can be summarized that positive coefficient of factor A and 
E indicated that increase in SS ratio up to threshold level and temperature could bring positive response, whereas a 
decrease in maceration speed, particle size and extraction time showed positive response on the yield of CUI, as well 
as CUB. Among the interactions between the variables, responses highly depended on PS, SS ratio and temperature. 
From the study, it was noted that these three independent variables significantly contributed towards the models.

Response surface optimization and recovery of cucurbitacins. The relationship between input and 
output variables was depicted by the representation of three dimensional response surface plots generated by the 
model (Figs. 1 and 2). Among all the studied input variables (SS ratio, rpm, PS, time and temperature), only two 

Sourcea

CUI CUB CUI + B

SS df MS F-value p-value SS df MS F-value p-value SS df MS F-value p-value

Model 6.92 20 0.3461 2.86 0.0069** 4.04 20 0.2021 3.17 0.0036** 20.14 20 1.01 3.61 0.0014**

A-SS ratio 0.1887 1 0.1887 1.56 0.2231 0.2647 1 0.2647 4.15 0.0524 0.9004 1 0.9004 3.23 0.0844

B-RPM 0.0953 1 0.0953 0.7885 0.3830 0.0060 1 0.0060 0.0935 0.7623 0.0536 1 0.0536 0.1922 0.6649

C-PS 3.27 1 3.27 27.03  < 0.0001** 2.06 1 2.06 32.24  < 0.0001** 10.51 1 10.51 37.70  < 0.0001**

D-min 0.1090 1 0.1090 0.9018 0.3514 0.0331 1 0.0331 0.5192 0.4779 0.2624 1 0.2624 0.9412 0.3413

E- Temp 0.1476 1 0.1476 1.22 0.2797 0.0538 1 0.0538 0.8425 0.3675 0.3795 1 0.3795 1.36 0.2543

AB 0.0068 1 0.0068 0.0566 0.8138 0.0125 1 0.0125 0.1959 0.6619 0.0379 1 0.0379 0.1358 0.7156

AC 0.7345 1 0.7345 6.08 0.0209* 0.6365 1 0.6365 9.97 0.0041** 2.74 1 2.74 9.82 0.0044**

AD 0.0037 1 0.0037 0.0307 0.8623 0.0105 1 0.0105 0.1644 0.6886 0.0017 1 0.0017 0.0062 0.9380

AE 0.0000 1 0.0000 0.0003 0.9858 0.0014 1 0.0014 0.0215 0.8845 0.0019 1 0.0019 0.0067 0.9352

BC 0.0026 1 0.0026 0.0215 0.8846 0.0060 1 0.0060 0.0947 0.7608 0.0007 1 0.0007 0.0026 0.9600

BD 0.0110 1 0.0110 0.0912 0.7652 0.0080 1 0.0080 0.1258 0.7258 0.0379 1 0.0379 0.1358 0.7156

BE 0.0802 1 0.0802 0.6631 0.4231 0.0740 1 0.0740 1.16 0.2919 0.0001 1 0.0001 0.0004 0.9834

CD 0.3749 1 0.3749 3.10 0.0905 0.0909 1 0.0909 1.42 0.2438 0.8352 1 0.8352 3.00 0.0958

CE 1.02 1 1.02 8.45 0.0075** 0.2984 1 0.2984 4.67 0.0404* 2.42 1 2.42 8.70 0.0068*

DE 0.0441 1 0.0441 0.3649 0.5512 0.0295 1 0.0295 0.4622 0.5028 0.1458 1 0.1458 0.5229 0.4763

A² 0.2348 1 0.2348 1.94 0.1757 0.0130 1 0.0130 0.2040 0.6554 0.1372 1 0.1372 0.4922 0.4894

B² 0.1916 1 0.1916 1.59 0.2196 0.0275 1 0.0275 0.4310 0.5175 0.0739 1 0.0739 0.2652 0.6111

C² 0.1407 1 0.1407 1.16 0.2909 0.2681 1 0.2681 4.20 0.0511 0.7972 1 0.7972 2.86 0.1033

D² 0.0107 1 0.0107 0.0888 0.7682 0.2564 1 0.2564 4.02 0.0560 0.1622 1 0.1622 0.5819 0.4527

E² 0.1797 1 0.1797 1.49 0.2342 0.0008 1 0.0008 0.0121 0.9134 0.1569 1 0.1569 0.5628 0.4601

Residual 3.02 25 0.1209 1.60 25 0.0638 6.97 25 0.2788

Lack of Fit 2.30 20 0.1149 0.7939 0.6804 1.20 20 0.0599 0.7540 0.7067 5.40 20 0.2701 0.8614 0.6377

Pure Error 0.7238 5 0.1448 0.3973 5 0.0795 1.57 5 0.3136

Cor Total 9.95 45 5.64 45 27.11 45

Table 1. Analysis of variance for the fitted quadratic polynomial model for recovery of CUI, CUB, and 
CUI + B. aIndependent variables, SS- sum of squares; MS – mean square, df – degree of freedom. *Significant at 
p-value < 0.05. **Significant at p-value < 0.01.
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variables within the experimental range were depicted in surface plots and third was kept constant at zero level. 
The shapes of the contour plots (elliptical or circular) indicated the significance of the interactions between the 
corresponding variables25. The response surface plots for the CUI, CUB and CUI+B were constructed accord-
ing to their fitted models. Figure 1 represents the plots with one variable kept at a medium level and the other 
two within the tested ranges. For the determination of optimal level of coded factors, 3D plots were constructed 
according to Eqs. (1), (2) and (3). Figure 1a showed the effect of SS ratio (A) and rpm (B) on the yield of CUI 
at fixed PS, time and temperature. An increase in SS ratio from 1:10 to 1:40 g/mL led to an increase in the yield 
from 0 to 0.5 mg/g DW. Similarly, increase in rpm from 40 to 90 showed positive influence on the yield; however, 
further increase in SS ratio and rpm showed decline in CUI yield. Moderate volume of solvent was sufficient to 
complete the extraction of CUI, while very low volume reduces contact of solvent and very high volume dissolves 
the extractive in solvent resulting in lower yield. This is empirically supported by the significance of SS ratio and 
rpm observed in the fitted model for CUI. The interaction between extraction time (D) and SS ratio (A) (Fig. 1b) 
revealed that extraction time in between 30 to 80 min showed slight change in CUI yield (0.6 to 0.8 mg/g DW). 
However, SS ratio at 1:30 to 1:40 g/mL showed positive influence towards CUI yield. Hence, the extraction time 
did not play crucial role in CUI extraction and was found insignificant. Figure 1c showed the effect of extraction 
temperature on CUI yield. At 1:20 g/mL SS ratio, temperature poorly affected on yield, while at 1:30 g/mL SS ratio 
led to a sharp increase in yield; from 0.4 to 0.8 mg/g DW. The temperature near about 45 to 50 °C and SS ratio 1:30 
g/mL significantly influence the yield of CUI. The results agreed with Devendra et al.25 who reported that temper-
ature and compound yield was directly proportional to each other. In the context of evaluating the effect of rpm 
on the extraction yield, an increase in rpm from 40 to 80 led to an increase in extraction yield from 0.2 to 0.8 mg/g 
DW with increasing time. However, further rise in rpm resulted in progressive decline of extraction yield, hence, 
rpm also found to be a significant factor that positively influenced the yield of CUI (Fig. 1d). Figure 1e depicted 
the effects of rpm (B) and temperature (E) on the CUI content while all the factors which left behind were invari-
able. At definite extraction temperature of 45 °C, an increase in rpm from 55 to 110 led to little increase in extrac-
tion efficiency (0–0.6 mg/g DW). Similarly, the studied temperature range (55–60 °C) revealed an increase in the 
extraction yield (0.6–0.8 mg/g DW). The results pointed out that higher temperature (up to 60 °C) was ideal for 
the extraction of CUI. The interaction between extraction temperature (E) and time (D) (Fig. 1f) showed that at 
definite time (45–85 min), there was a steady increase in CUI content (0.6 mg/g DW), which pointed out that time 
has no significant role. At the same time, with increase in temperature (from 40 to 60 °C), there was sharp increase 
in the CUI (0–0.9 mg/g DW). It indicated that temperature significantly influences the yield of CUI (Fig. 1f).

The influence of particle size (C) on the extraction yield (Fig. 1g) revealed that an increase in particle size 
from 150 to 450 µm led to sharp decrease in the yield from 1.5–0.6 mg/g DW. Therefore, particle size and yield of 
CUI were found inversely proportional to each other. Decrease in particle size resulted into greater surface area 
of particles that came in contact with solvent which subsequently enhance the leaching of CUI in the medium. In 
additon, decreasing in particle size and gradual increase in temperature also positively affected the extraction rate. 
The maximum yield was found at 150 µm PS at 60 °C. Therefore, particle size was noted to be the most significant 
variable for maximum CUI extraction.

Similarly, surface plots were constructed for determining effect of extraction parameters on extraction of CUB 
and CUI+B. The Fig. 2a showed effect of particle size (C) and SS ratio (A) on a yield of CUB. Increase in SS ratio 
from 1:10 to 1:50 g/mL resulted in the increase of yield of CUB from 0.017 to 2 mg/g DW. Therefore, combination 
of these two factors was highly significant for the extraction of CUB. The interaction between time (D) and tem-
perature (E) revealed that temperature positively affects the yield of CUB (0.3 to 0.8 mg/g DW) at 30 min extrac-
tion time (Fig. 2b). In addition, minimal extraction time from 30 to 40 min showed significant effect, while further 
increase in extraction time up to 60 min decreased CUB content. Figure 2c represents mutual interaction between 
particle size (C) and extraction time (D). The smaller particle size and shorter extraction period positively influ-
ence the yield of CUB (up to 1.20 mg/g DW) but further increase in time as well as particle size led to loss of 
yield up to 0.8–0.2 mg/g DW. Therefore, a combination of short extraction time and the particle size (150 µm)  
revealed the highest CUB content.

The surface plots of the CUI + B content represented an interactive effect between SS ratio (A) and PS (C) 
(Fig. 2d). Similar to other interactions, lower particle size exhibited positive effect on extraction of both the 
cucurbitacins. From the Fig. 2e, it was noticed that interactive effect between PS (C) and temperature (E) demon-
strated the positive influence of smaller particle size and higher temperature on yield of cucurbitacins (1.7 to 2.7 
mg/g DW). The interactions of maceration speed and particle size are represented in Fig. 2f. We pointed out that 
the lower particle size was statistically significant for the optimized extraction, but maceration speed did not show 
considerable effect on the yield of both the cucurbitacins under investigation (Fig. 2).

Validation of the predictive model. Optimal levels obtained from the fitted model for independent varia-
bles were 1:40 g/mL, 40 rpm, 150 µm PS, 30 min and 60 °C for CUI, whereas only factor maceration speed changes 
for CUB and CUI + B which was 120 rpm for CUB and 80 rpm for CUI + B and rest of remaining all factors were 
similar like CUI. The predicted yield obtained by above condition of CUI, CUB and CUI + B was 2.352, 2.407 
and 4.759 mg/g DW, respectively. Similarly, three experiments were carried out under suggested optimal condi-
tions and results showed that extraction yield of CUI, CUB and CUI + B were 2.299, 2.389 and 4.63 mg/g DW, 
respectively. By comparing experimental and predicted values given by Design-Expert software, it was noticed 
that predicted values were close to actual value, therefore, the proposed optimized parameters in the present work 
were found highly reliable for the recovery of cucurbitacins. On the basis of our findings, maceration speed was 
the most crucial variable for the yield of different cucurbitacins. The recovery of cucurbitacins was dependent 
on varied levels of maceration speed wherein ≤40, 80 and 120 rpm showed higher content of CUI, CUI + B and 
CUB, respectively.
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Comparison of extraction methods. The extraction efficiency of various extraction methods viz. CSE, 
UAE, MAE and SBAE for maximizing the recovery of cucurbitacins was evaluated and results are presented in 
Table 2 and Fig. 3. Conventional methods like CSE and SBAE have been traditionally used for extraction of ter-
penes, phenolics and other antioxidant compounds16,17.

Analysis of extracts obtained from different extraction methods was done by comparing peak area of standards 
CUI and CUB, with the chromatogram of obtained extracts. The comparative account of cucurbitacin content 
from the samples is given in Fig. 3 and Table 2. The highest CUI, CUB and CUI + B (1.437 ± 0.03, 0.782 ± 0.10 
and 2.17 ± 0.35 mg/g DW, respectively) were studied from the extract of SBAE (Table 2), whereas lowest CUI, 

Figure 1. Response surface and counter plots showing the interaction effect of A and B (a), A and D (b), A and 
E (c), B and D (d), B and E (e), D and E (f), and E and C (g) on the extraction yield of CUI.
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CUB and CUI + B (0.7228 ± 0.005, 0.298 ± 0.001 and 1.02 ± 0.09 mg/g DW, respectively) contents were found in 
UAE. Similarly, other extraction methods also showed dependable cucurbitacin content and showed the content 
was higher in SBAE > CSE > MAE > UAE. Among all the extraction methods employed, SBAE at 50 °C indi-
cated that temperature played a crucial role in highest recovery of the cucurbitacins. The extraction depends on 
penetration and interaction of solvent with the plant materials, solubility, and diffusion of the compounds in the 
medium and harvesting of the targeted solute. Different extraction methods exhibited varied degree of solubility 
and diffusivity that accelerated the yield of the cucurbitacins or hinder the content by forming undesirable impu-
rities and decomposition of the thermostable compounds17,26.

Antioxidant Activities
Antioxidants are the molecules which inhibits or delay the oxidative damage caused by reactive oxygen species 
(ROS)2,3. Generally, antioxidant potential can be evaluated by DPPH, ABTS, FRAP and phosphomolybdate assay. 
In the present investigation, extracts obtained by various extraction methods were subjected to evaluation of 
their antioxidant potential and the results are demonstrated in Table 2. SBAE showed the highest DPPH activity 
(25.1 ± 0.1 µg AAE/g DW) while least in UAE (11.3 ± 0.6 µg AAE/g DW). However, extracts evaluated from CSE 
and MAE did not show significant difference in DPPH radical scavenging activity. The maximum ABTS radical 
scavenging activity was noted from MAE (81.9 ± 0.45 µg TE/g DW) and minimum in the UAE (14.4 ± 3.2 µg 
TE/g DW). All the extracts showed promising phosphomolybdate activity wherein the highest was found in 

Figure 2. Response surface and counter plots showing interaction effect of A and C (a), D and E (b), C and D 
(c) on the yield of CUB, and A and C (d), C and E (e), and B and C (f) on the yield of CUI + B.
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UAE (577.4 ± 9.6 µg AAE/g DW). Variable response for the antioxidant activities may on account of presnece of 
other phytochemicals present in it. Several researchers reported antioxidant potential of D. palmatus and other 
cucurbits3,22,27.

Anti-Diabetic Activity
α-amylase inhibition activity. Diabetes is one of the main systematic illnesses throughout the world. 
Alpha-amylase inhibitors (AAI) are playing a significant role in the treatment of diabetes28. The α-amylase 
enzyme is responsible for breakdown of oligo and/or disaccharide into monosaccharides. Inhibitor of these 
enzymes delays carbohydrate digestion, causing a marked decrease in glucose absorption and this decreased level 
is responsible for decreasing the post-prandial hyperglycemia29. The extract prepared from MAE exhibited the 
highest inhibition of α-amylase (68.68 ± 0.66%), while least was recorded in SBAE (33.52 ± 1.87%) (Table 2). The 
moderate inhibition was recorded from CSE and UAE extracts (46.55 ± 1.50, 44.43 ± 0.11%, respectively). Similar 
results have been reported from Citrullus colocynthis30. In contrast, aqueous extract of Kedrostis africana tuber 
represented 31.64 ± 1.11% α-amylase inhibitory activity at 200 mg/mL extract concentration31.

α-glucosidase inhibitory activity. The deficiency of insulin secretion causes type 2 diabeties which results 
in hyperglycemia, physical and mental burden and subsequnt increase in the rate of mortality and disability28. 
α-Glucosidase enzyme is responsible for release of glucose by hydrolyzing linear and branched iso-maltose oli-
gosaccharides which cause postprandial hyperglycemia. Therefore, identifying and characterizing inhibitor of 
α-glucosidase is very important32. In present investigation, the extract prepared by UAE exhibited the high-
est response (56.27 ± 0.60%), and the lowest by MAE (48.34 ± 0.72%). Similarly, SBAE and CSE demonstrated 
reliable inhibitory activity (50.60 ± 0.80, 48.52 ± 0.39%, respectively) (Table 2). Our results are in good agree-
ment with Unuofin et al.31 who reported that ethanol extract of Kedrostis africana tubers revealed 54.30 ± 0.79% 
α-glucosidase inhibitory activity.

Anticancer Activity
Anticancer activity of D. palmatus fruit extract was evaluated by SRB (sulphorhodamine B) assay. SRB assay is 
sensitive and high-throughput method for evaluating cytotoxic activity against cancer cell lines. The assay is inde-
pendent from cell metabolic activity which is not obstructed by test compounds and very simple to perform31,33. 
The GI50, TGI (cytostatic activity) and LC50 (cytotoxic activity) values were calculated for each extract against 
two cancer cell lines, viz. breast and colon cancer cell lines MCF-7 and HT-29. Details of complete cell line activ-
ity are represented in Supplementary Table A2 and Fig. S2. In this experiment, fruit extract showed significant 
inhibitory activity in cancer cell growth. The growth inhibition percentage of both cancer cell lines was found to 
be increasing with increasing concentration of the extracts. The highest anticancer activity towards MCF-7 cell 
line was shown by fruit extract of D. palmatus (GI50 < 10, TGI 5.14, LC50 44.27 µg/mL). Standard adriamycin 
revealed anticancer activity (GI50 < 10, TGI-104.27, LC50 385.17 µg/mL) which was comparable with the tested 
fruit extracts. Similarly, fruit extract also exhibited efficient anticancer activity against HT-29 cell line (GI50 < 10, 
TGI 46.88, LC50 68.31 µg/mL). However, adriamycin showed high anticancer activity (GI50 < 10, TGI 0.880, 
LC50 63.20 µg/mL) against HT-29 cell line. Abdel-Salam et al.34 reported that leaves of Luffa cylindrica possess 

Figure 3. HPLC chromatogram of standards of CUI (1), CUB (2), and CUE (3) (a), as well as fruit extract of D. 
palmatus obtained by UAE (b), SBAE (c), MAE (d) and CSE (e).

Source CUIa CUBa CUI + Ba DPPHb ABTSc PMAd α-Amylasee α-Glucosidasee

CSE 1.135 ± 0.01b 0.584 ± 0.06b 1.70 ± 0.28b 16.1 ±  0.5b 70.1 ± 3.3ab 499.1 ± 51.89bc 46.55 ± 1.50b 48.52 ± 0.39bc

MAE 0.760 ± 0.01 c 0.336 ± 0.02c 1.08 ± 0.22c 16.9 ± 0.7b 81.9 ± 0.45a 425.4 ± 8.4c 68.68 ± 0.66a 48.34 ± 0.72c

SBAE 1.437 ± 0.03a 0.782 ± 0.10a 2.17 ± 0.35a 25.1 ± 0.1a 79.0 ± 12.6ab 496.4 ± 10.7bc 33.52 ± 1.87d 50.60 ± 0.80b

UAE 0.723 ± 0.05d 0.298 ± 0.01d 1.02 ± 0.09d 11.3 ± 0.6c 14.4 ± 3.2c 577.4 ± 9.6 a 44.43 ± 0.11c 56.27 ± 0.60a

Table 2. Influence of extraction methods on cucurbitacins (CUI, CUB, and CUI + B) content, antioxidant, 
and antidiabetic activities. a(mg/g DW), b(µg AAE/g), c(µg TE/g), d(µg AAE/g), e% inhibition. AAE: ascorbic 
acid equivalents, TE: trolox equivalents. Values were the means of three replicates ± Standard Error (SE). Mean 
value with different alphabets in column were showed statistically significant differences (p < 0.05) according to 
Duncan multiple range test.
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anticancer activity against cancer stem cells CD44+/24− in breast cancer patients (85.18 ± 2.21%). Efficacy of 
CUB and CUI to inhibit breast and colon cancer has been also reported earlier35,36. Cai et al.37 reviewed the syn-
ergistic effect of the CUB and several other drugs (gemcitabine, docetaxel, methotrexate and cisplatin) against 
cancer cell lines. In the present study, fruit extract showed CUI, CUB, and other potent metabolites that could be 
responsible for the promising anticancer activities. These results highlighted that the fruits of D. palmatus can be 
a novel source of anticancer drug.

Identification of major metabolites by LC-MS. The LC-MS analysis of D. palmatus fruits allowed iden-
tification of total eleven major compounds from different categories. Entire list of these compounds can be found 
in Supplementary Table A3. Our study revealed the presence of these detected compounds including CUI and 
CUB. The mass spectra of CUI and CUB showed the characteristic protonated ion at m/z 497.2855 and 540.696 
([M + H]+), respectively, which appeared at retention time 15.90 and 15.99 min. Beta-hederin from saponin category 
showed highest mass about 752.491 at m/z 734.45 ([M + H]+). Delmas et al.38 reported anti-leishmanial activity from 
the saponin. Two steroids, (digoxigenin monodigitoxoside and minabeolide-8) have been reported from the Digitalis 
purpurea and Minabea species, respectively, having cytotoxic and anti-inflammatory activities39,40. A single alkaloid 
deserpidine (molecular mass 578.26 g/mol) is an ester alkaloid drug isolated from Rauvolfia canescens exhibited 
antihypertensive properties41. Luteolin 7-(2′′-p-coumaroylglucoside) (594.134 g/mol), a flavonoid known to be anti-
carcinogenic have been studied from Ophiorrhiza mungos42. Two cardiac glucosides, viz. digitalose and bufadienolide 
detected in the present study have been reported earlier as a cardioprotective43. Similarly, bufadienolides exhibited 
wide range of biological properties includes cytotoxic, antitumor and cardiotonic activities44. Caffic acid (molecu-
lar mass 342.095 g/mol) was also noted which is helpful for avoiding oxidative deterioration of food and maintain 
food colors, favors and nutritional values, as well as other activities like antioxidant, anti-mutagenic, anti-tumor, 
and anti-obesity were reported45. The compounds with the lowest molecular mass (125.05 g/mol) i.e. isovaleric acid 
reported in the current study, belong to fatty acid category. This compound is known for unpleasant odor, produced 
by skin bacteria, and it is found in valerian plant46. In valerian extracts, this acid shows anticonvulsant activity47.

Conclusion
In the present study, ideal model for maximum extraction of cucurbitacin (I, B and I + B) from D. palmatus fruits 
was successfully studied using response surface methodology (RSM) with Box-Behnken design (BBD). The study 
recommended D. palmatus fruit extraction with chloroform at 1:30 g/mL SS ratio, 80 rpm, 150 µm particle size, 30 
min time and 50 °C temperature, found to be the best for maximizing the recovery of CUI (2.3450 ± 0.1686 mg/g 
DW). Significantly higher CUB (1.5840 ± 0.15 mg/g DW) and CUI + B (3.8021 ± 0.31 mg/g DW) were recorded using 
1:40 g/mL SS ratio and 60 min extraction time, while keeping remaining parameters as mentioned in CUI. Several 
extraction methods such as CSE, SBAE, MAE and UAE were studied wherein the highest cucurbitacins content was 
reported from SBAE. Antioxidant potential of each extract was dependent on extraction method wherein the highest 
DPPH, ABTS and phosphomolybdate activities were recorded from SBAE, MAE and UAE, respectively. The recorded 
variation could be due to the diverse antioxidant profile of each extract along with cucurbitacins obtained from various 
extraction methods. MAE and UAE were efficient to extract the inhibitors of enzymes α-amylase and α-glucosidase 
that can be used to manage diabetes. The extract tested against cancer cell lines revealed that D. palmatus fruit exhib-
ited promising anticancer activities that will assist us to pave a path for the development of a novel anticancer drug.

Materials and Methods
Chemicals and reagents. Analytical and HPLC grade solvents (chloroform, methanol, ethanol, hexane, ace-
tone, ethyl acetate, acetonitrile and water) were purchased from Sisco research laboratory Pvt. Ltd., India. Standard 
cucurbitacin I (CUI) and cucurbitacin B (CUB) were purchased from Sigma Aldrich (St. Louis, Mo, USA).

Collection of plant material and preparation of extract. The fruits of D. palmatus L. were col-
lected from Panhala, Maharashtra, India in August 2017. The location lies between N16°48′540′′ latitude and 
E74°07′757′′ longitude. The fruits were oven dried for 72 h at 60 °C, ground into fine powder (300 µm) and 
extracts were obtained by continuous shaking of fruit powder (1 g) with respective solvents. Extracts were then 
filtered with Whatman No. 1 filter paper, concentrated and dissolved in 1 mL methanol, filtered through 0.2 µm 
nylon filter (HiMedia, India) and used for HPLC analysis.

Optimization of cucurbitacins extraction using RSM. After a preliminary experiment (Supplementary 
data), extraction of cucurbitacins was further optimized using RSM. RSM with five factors and three levels in 
Box-Behnken design (BBD) was used to optimize variables for extraction of cucurbitacins. On the basis of out-
come, the independent variables were SS ratio (A: 1:20–1:50 g/mL), maceration speed (B: 80–200 rpm), particle 
size (C: 150–600 µm), time (D: 30–120 min) and temperature (E: 30–60 °C), and the dependent (response) var-
iables were yield of CUI, CUB and CUI + B. All the variables were modified as –1, 0 and 1 for the evaluation 
of factors. The BBD was generated by Design-Expert software trial ver. 11. According to this design, total 46 
experiments were performed (Supplementary Table A1). A second order polynomial equation, which relates the 
measured response to independent variables, was used:

∑ ∑ ∑∑β β β β= + + +
= = = =

Y X X X X
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i i
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i
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ij i j0
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where Y is the yield, β0 is the intercept term, βi is the linear coefficient, βii is the quadratic coefficients, βij is the 
interaction coefficients, and Xi and Xj are uncoded independent variables.
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The contour and surface plots were generated by keeping other response variables at its optimal level and plot-
ting other two independent factors with the responses. After treatment, the extracts were prepared as described 
earlier and used for HPLC analysis.

Extraction of Cucurbitacins By Various Extraction Methods
Different extraction methods such as continuous shaking extraction (CSE), microwave assisted extraction 
(MAE), ultrasound assisted extraction (UAE) and steam bath assisted extraction (SBAE) were employed to 
study variable response of the cucurbitacins extraction according to method reported earlier17. For the extrac-
tion of cucurbitacins using all the extraction techniques, 1 g of the fruit powder and chloroform as a solvent 
were used.

Continuous shaking extraction (CSE). CSE was carried out using a shaker incubator (Allied Scientific 
Products, India) at controlled conditions (120 ± 2 rpm; 30 ± 1 °C) for the periods of 15, 30, 60 and 90 min.

Microwave assisted extraction (MAE). MAE was carried out in microwave oven (Haier, India). Fruit 
powder was taken in 250 mL conical flask containing 30 mL of solvent and extraction was studied at varied time 
intervals (30, 60, 120 and 180 s).

Ultrasound-assisted extraction (UAE). UAE was performed using an ultrasonic bath (Rivotek, India). 
Samples were exposed for 15, 30, 45 and 60 min at room temperature keeping other parameters constant as men-
tioned earlier.

Steam bath assisted extraction (SBAE). SBAE was carried on a stirred thermal water bath (Equitron, 
India) at a varying temperature (30, 40, 50 and 60 °C) and fixed time of 60 min.

All the extracts were evaporated, dissolved in 1 mL methanol, filtered using 0.22 µm membrane filter and used 
for further analysis.

HPLC conditions. The HPLC apparatus was equipped with quaternary pump, autosampler, and UV detec-
tor (Jasco, Japan). The separation of cucurbitacins was achieved on Hiber C18 column (250x4.6 mm, 5 μm) and 
using published protocol with minor modifications48. The mobile phase with solvents acetonitrile, water and 
methanol (32:35:33, v/v/v) was used. The flow rate was 1.0 mL/min with 20 μL injection volume. Peaks were 
monitored at 230 nm up to 40 min and content of cucurbitacins were expressed in miligram per gram of dry 
weight (mg/g DW).

Antioxidant Activities
DPPH radical scavenging assay. Extracts were analyzed to evaluate DPPH (1,1-diphenyl-2-picrylhydra-
zyl) radical scavenging activity as per our earlier protocols2,3,17,22,28. The working solution DPPH reagent (1 mL) 
was mixed with 500 μL of plant extract (1 mg/mL). The mixed reaction mixtures were incubated in dark for 30 
min, and absorbance was read at 517 nm.

ABTS radical scavenging assay. ABTS [2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)] radical 
cation decolorization assay was used with slight modifications2,3,17,22,28. ABTS solution (1 mL) was treated with 
100 µL of plant extract and incubated at 30 °C. Trolox was used as a standard. After 30 min, absorbance was read 
at 730 nm using ethanol as blank.

Phosphomolybdate assay (PMA). PMA assay was performed as per earlier protocols3,17,22,28, in which 
fruit extract (300 μL) was treated with 1 mL phosphomolybdate reagent and incubated at 95 °C for 90 min, cooled 
and absorbance was recorded at 765 nm. Ascorbic acid was used to obtain a calibration curve.

Anti-Diabetic Activity
α-amylase inhibition activity. The α-amylase inhibition was studied using standard protocols with the 
minor changes17,28. Briefly, a plant extract was mixed with α-amylase solution (70 µL from 18 U/mL) and diluted 
to 1 mL using 0.02 M sodium phosphate buffer (pH 6.9). The reaction mixture was incubated at 25 °C for 10 min, 
500 µL of 1% starch solution was added to it and kept at 25 °C for 30 min. Post incubation, reaction was stopped 
by addition 0.5 mL dinitrosalicylic acid reagent. Reaction mixtures were incubated at 100 °C for 5 min, cooled, 
diluted with double distilled water and absorbance was taken at 540 nm. The control was also produced as men-
tioned earlier wherein instead of extract sodium phosphate buffer was added. Acarbose was used as a positive 
control and the activity was calculated on a percent basis.

α-glucosidase inhibition activity. α-Glucosidase inhibition was carried as per the published proto-
cols17,28. The fruit extract was treated with 100 µL α-glucosidase solution (U/mL) diluted to 500 µL by adding 
0.1 M phosphate buffer (pH 6.9). After 5 min incubation at 25 °C, 100 µL p-nitrophenyl-α-D-glucopyranoside 
(5 mM) solution was added to the reaction mixture and incubated at 25 °C for 10 min. Further, 0.1 M Na2CO3 
(1 mL) was added and absorbance was measured at 405 nm. The control was prepared without any extract and 
volume adjusted by adding buffer solution. Acarbose was used as a positive control and activity was expressed on 
a percent basis.
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Anticancer Activity
In the present study, breast (MCF-7) and colon (HT-29) cancer cell lines (procured from National Cancer 
Institute, USA) were used to assess the anticancer potential49,50. The cells grown on RPMI 1640 medium were 
inoculated into 96 well microtiter plates (100 µL/well). The plates were kept at controlled conditions (24 h, 37 °C, 
5% CO2, 95% air and 100% relative humidity). Samples dissolved in DMSO (mg/mL) were serially diluted with 
the medium (10–80 μg/mL). Further, all the plates were kept for 48 h. Then the assay was terminated by cold 
trichloroacetic acid (TCA). All the cells were fixed in situ by adding with 50 µL of TCA. The supernatant was 
discarded and the plates were washed with distilled water and air dried. SRB solution (50 µL) was added to each 
well and maintained at room temperature. The surplus dye was washed with 1% acetic acid and all the plates were 
air dried. Excess stain was removed by 10 mM trizma base and the absorbance was read at a wavelength of 540 nm 
and 690 nm. Percent growth was calculated and results were expressed as % control growth, TGI and LC50.

Validation of CUI, CUB and detection of other metabolites by LC-MS method. HPLC System 
(Agilent, USA) equipped with an autosampler, binary pump, thermostated column compartment and 6550 iFun-
nel Q-TOF with jetstream electrospray ionization source in positive mode was used as per our earlier report22. 
Zorbax eclipse C18 column (2.1 × 150 mm, 5 µm) at 25 °C was used for the separation. The mobile phase con-
sisting water (A) and acetonitrile (B) modified with 0.1% (v/v) formic acid was used at 0.2 mL/min flow rate. An 
analysis was done by gradient elution (2 min 5% B, 95% up to 25 min, 26–30 min 5% B). A sample extract (8 µL) 
was used for the analysis and mass spectrometer was operated from m/z 50–1000. The N2 was used as nebulizer, 
drying and collision gas. The nebulizer gas was used at 45 psig; fragmentor voltage 175 V and capillary voltage 
was set to 3.5 kV. All the data was analyzed using the mass hunter qualitative analysis software package (Agilent 
Technologies).

Statistical analysis. All experiments were performed in triplicate and values were represented as 
mean ± standard error. Data from extraction methods and their bioactivities were subjected to analysis of vari-
ance (ANOVA) using SPSS software.
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