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Abstract:  Four new polyoxygenated cucurbitane triterpene glycosides named kedrojiftene A-D (4-7), were 
isolated via different chromatographic techniques along with three phenolic compounds (1-3) from the crude 
extract of Kedrostis gijef. The isolated compounds were elucidated based on 1D, 2D-NMR spectroscopic 
analyses, HRESIMS and comparison with the related metabolites in literature. In bioassay, the α-glucosidase 
inhibitory assay for the isolated compounds was carried out and compounds (1-3) showed significant inhibitory 
activities. 
 
Keywords: Kedrostis gijef; triterpene; cucurbitane; phenolic; α-glucosidase. © 2024 ACG Publications. All 
rights reserved. 

 

1. Introduction 

The Cucurbitaceae family comprises approximately 965 species and about 95 genera [1, 2]. 
Plants belonging to the Cucurbitaceae family are recognized as reservoirs of bioactive metabolites 
with significant therapeutic potential. The metabolites extracted from these plants, such as, alkaloids, 
polyphenols, saponins, carotenoids, phytosterols, and cucurbitane type triterpenoids, have exhibited 
diverse bioactivities such as anti-inflammatory, immunomodulatory, hepatoprotective, antioxidant, 
antidiabetic, and cytotoxic properties [3-5].  

Kedrostis genus encompasses around 35 species of climbing or trailing herbs. Studies have 
shown that the crude extract of Kedrostis foetidissima leaves possesses antioxidant properties. 
Additionally, the leaves of the phenolic-rich fraction of K. foetidissima demonstrated a protective 
effect against cardiac toxicity in rats by restoring cardiac antioxidant function[6]. Furthermore, K. 
Africana showed antimicrobial and antioxidant properties [7].  
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 Kedrostis gijef (Forssk. ex J.F.Gmel.) C. Jeffrey., is a climber plant, distributed in Gebel Elba 
(Egypt), Sudan, Ethiopia, Kenya, Tanzania, Somalia and Saudi Arabia [8]. However, rare 
phytochemical studies were carried out on this plant, and indicated presence of flavonoids, saponins, 
and tannins [9] .This encouraged us to make a detailed phytochemical investigations and evaluation of 
the in vitro α- glucosidase inhibitory activity for the isolated compounds. The phytochemical 
investigation of K. gijef aerial parts resulted in the isolation of seven compounds including four new 
cucurbitane type triterpene glycosides (4-7) and three phenolic compounds (1-3) and evaluation of α-
glucosidase inhibitory assay of the isolated compound.  

 
 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 1. Structure of compounds 1-7 isolated from Kedrostis gijef 
 

2. Materials and Methods 

2.1. General Procedures 

Optical rotations were measured using a Jasco P-2200 polarimeter (Jasco, Tokyo, Japan). The 
NMR spectra of the isolated compounds were acquired using a Bruker DRX-600 spectrometer (Bruker 
Daltonics, Billerica MA, USA) with tetramethyl silane (TMS) as an internal standard. The chemical 
shifts were reported as δ values. The high-resolution mass spectrometry (HR-ESI-MS) data of the 
compounds were obtained using a quadrupole time-of-flight (qTOF) mass spectrometer (Agilent 
Technologies, USA). The organic solvents utilized for extraction and purification, n-hexane, 
dichloromethane (DCM), ethyl acetate (EtOAc), n-butanol (BuOH), formic acid (FA), methanol 
(MeOH), acetonitrile (ACN), were purchased from Wako Pure Chemical Industries, based in Osaka, 
Japan. For further fractionation, a Biotage Selekt system from Uppsala, Sweden, equipped with NP-
silica gel was employed. 

Isolation and purification of the compounds was accomplished using a MPLC Pure C-850 
Flash Prep® system from Buchi, located in Flawil, Switzerland. This system features UV and 
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evaporative light scattering detector (ELSD) detection. A HPLC preparative column (Inertsil ODS-3, 5 
μm, 20 × 250 mm) obtained from GL Sciences Inc., Japan. 
TLC silica gel 60 F254 plates were obtained from Merck, a company based in Darmstadt, Germany 
and the methanol-d4 (CD3OD) was purchased from Cambridge Isotope Laboratories, situated in 
Andover, MA, USA. 
 
2.2. Plant Material 
 

The aerial parts of K. gijef were collected from Wadi Elshallal, Gebel Elba (22˚04'50.8''N 
36˚31'09.2''E) during April 2019 and identified by Dr. Mahmoud Ali, Associate Professor of Plant 
Ecology, and Dr. rer. nat. Maged Abutaha, (Head of Desert Research Center Herbarium). A fresh 
sample was designated as voucher specimen CAIH-1255-R has been deposited at the Herbarium of the 
Desert Research Center in Egypt. 
 
2.3. Extraction and Isolation 
 

The shade dried aerial parts of K. gijef (3 kg) were grounded and extracted by 70% aq. MeOH 
at room temperature to yield ca. 106 g of crude extract. The crude extract was suspended in water and 
partitioned successively with different polarity solvents; n-hexane, DCM, EtOAc, and n-BuOH 
respectively. The ethyl acetate extract (8.9 g) was subjected to fractionation using a Biotage Selekt 
system equipped with a 100 g NP-silica gel, employing gradient elution of n-hexane–EtOAc–MeOH; 
from 1: 0: 0 to 0: 0: 1, yielding six fractions (Fr. A- F). Fr. A (380 mg) was chromatographed using 
MPLC connected to a prepacked FP ID C18 12 g flash column. It was eluted with H2O: MeOH: 0.1% 
FA at a flow rate 30 mL/min, resulting in the isolation of fractions (Fr. A.1.-A.3.). Each of Fr. A.1.-
A.3. was further purified using a preparative HPLC column (Inertsil ODS-3, 5 μm, 20 × 250 mm, 10 
mL/min) with a gradient of H2O: MeOH: 0.1% FA, resulting in the isolation of compounds 1, 2, and 3 
(10.1 mg, 12.5 mg, and 9.2 mg respectively). Fr. C (1.2 g) was chromatographed via MPLC (FP ID 
C18 24 g, 20 mL/min), and eluted gradually with H2O: ACN: 0.1% FA (1:0:0.1-0:1:0.1) to yield four 
subfractions, Fr. C.1.- Fr. C.4. Each subfraction was eluted successively after 20%, 30%, and 35% 
ACN, respectively. Each subfraction was chromatographed over preparative HPLC, eluted with H2O: 
ACN: 0.1% FA (1:0:0.1-0:1:0.1), and further purified using an open column packed with Sephadex 
LH-20 with 100% MeOH to finally obtain compounds 4, 5, and 7 (4.9 mg, 5.2 mg, and 3.8 mg, 
respectively), while compound 6 (5.1 mg) was obtained after further purification over a preparative 
HPLC column , using an isocratic solvent system of H2O: ACN: FA 65: 35: 0.1, at a flow rate of 10 
mL/ min. 
 
2.4. Spectral Data 
Kedrojiftene A (4): Amorphous white powder;  + 96.8 (c, 0.2 MeOH); 1H and APT- NMR data see 
Table 1 and 2; Negative HRESIMS 713.4122 m/z [M+HCOO]- (calcd. for C37H61O13, 713.4112), 
703.3818 m/z [M+Cl]- (calcd. for C36H60O11Cl, 703.3824). 
 
Kedrojiftene B (5): Amorphous white powder; + 14.5 (c 0.1, MeOH); 1H and APT- NMR data see 
Table 1 and 2; Negative HRESIMS m/z 715.4286 [M+HCOO]- (calcd. for C37H63O13, 715.4269) m/z, 
705.3989 [M+Cl]- (calcd. for C36H62O11Cl, 705.3981). 
 
Kedrojiftene C (6): Amorphous white powder; + 192.7 (c 0.01, MeOH); 1H and APT- NMR data 
see Table 1 and 2; Negative HRESIMS m/z 713.4137 [M+HCOO]- (calcd. for C37H61O13, 713.4112), 
703. 3838 m/z [M+Cl]- (calcd. for C36H60O11Cl,703.3824). 
 
Kedrojiftene D (7): Amorphous white powder; + 39.3 (c 0.01, MeOH); 1H and APT- NMR data 
see Table 1 and 2; Positive HRESIMS [M+H]+ m/z 655.4406 (calcd. for C36H63O10, 655.4421), 
[M+Na]+ m/z 677.4242 (calcd. for C36H62O10Na, 677.4241).
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2.5. In vitro α-Glucosidase Inhibitory Assay 
 

The in vitro α-glucosidase inhibitory activity was assessed following the methodology 
described by Tao, et al., 2013 [10] with some modifications. In brief, samples (5 μL) were dissolved in 
DMSO and pre-incubated with 45 μL of α-glucosidase solution (0.3 U/mL, obtained from 
SigmaAldrich, Japan) prepared in 50 mM potassium phosphate buffer (pH 7.0). The substrate p-
nitrophenyl-α-D-glucopyranoside (p-NPG, purchased from Nacalai Tesque Inc., Kyoto, Japan), was 
separately prepared in the same buffer system (pH 7.0). The enzymatic reaction was initiated by 
adding 50 μL of the p-NPG substrate solution to the pre-incubated mixture, followed by incubation at 
37°C for 10 minutes. After incubation, the reaction was terminated by the addition of 100 μL of 0.5 M 
Tris-HCl buffer (pH 8.0). The released amount of the p-nitrophenol (pNP) was quantified by 
measuring the absorbance at 405 nm using a 96-well microplate reader (Biotek, Winooski, VT, USA). 
The percentage of inhibition of α-glucosidase activity for each tested sample was calculated according 
to the following equation: 

 
% inhibition = [(average A 405 control − average A 405 sample)/average A 405 control] × 100 

 
2.5.1. Statistical Analysis 
 

All samples were assayed in triplicate and expressed as mean ± SD (n = 3) for each value. The 
t-test was used to determine significant differences. Differences were considered significant if p < 0.01 
or p < 0.05, compared with negative control (DMSO). 
 
3.  Results and Discussion  
 
3.1. Structure Elucidation 
 

The phytochemical investigation of the ethyl acetate extract of K. gijef, using various 
chromatographic procedures, led to the isolation of seven compounds (1-7). Three phenolics (1-3) 
were identified as 4-hydroxy-3-methoxybenzoic acid (1) [11], 4-hydroxybenzoic acid (2) [12], and 4-
hydroxycinnamic acid (3) [12] through analysis of 1D NMR data, HRESIMS, and comparison with 
the literature. 

Compound 4 was isolated as a white amorphous powder. Its molecular formula was deduced 
to be C36H60O11 through negative HRESIMS analysis, displaying peaks at 713.4122 m/z [M+HCOO]- 

(calcd. for C37H61O13, 713.4112) and 703.3818 m/z [M+Cl]- (calcd. for C36H60O11Cl,703.3824). This, in 
conjunction with NMR (1H and APT) spectral data, indicated seven degrees of unsaturation. These 
findings are consistent with the 36 signals observed in the APT-NMR (Figure S4, S5). Of these, 30 
signals were classified based on HSQC (Figure S6, S7) into eight methyls, seven methylenes, and 
eight methines. The methines included four oxygenated carbons at δC 52.6, 69.8, 78.5, and 85.8. 
Additionally, there were seven quaternary carbons, including three oxygenated carbons at δC 65.7, 
73.6 and 215.9. The remaining six carbons were assigned to the sugar (hexose) moiety, with a 
characteristic anomeric carbon (C-1') at δC 105.5. The other sugar carbons resonated at δC 61.4, 70.4, 
74.0, 76.2, and 76.4 (C-2' to C-6'), indicative of the presence of a glucose moiety. The presence of a 
glucose moiety was further verified by the characteristic downfield shifted signals at δH 4.26 (d, J = 
7.7 Hz), attributed to the anomeric proton (H-1'). The remaining glucose protons were observed at 
3.20-3.85 (H-2' to H-6') in the 1H-NMR spectrum [13, 14] (Figure S3). The aglycone moiety was 
identified as a tetracyclic triterpene with a cucurbitane nucleus, as indicated by the presence eight 
methyl signals in NMR spectrum. Five of these signals δH 0.75 (s, H3-18) / δC 15.7 (C-18), δH 0.91 (s, 
H3-28) / δC 19.0 (C-28), δH 1.16 (s, H3-19) / δC 17.9 (C-19), δH 1.19 (s, H3-30) / δC 19.2 (C-30), and δH 
1.20 (s, H3-29) / δC 24.2 (C-29) were linked to four quaternary carbons (C-13, C-4, C-9, and C-14) 
within the tetracyclic structure. The locations of the methyl groups were confirmed through analysis of 
the 2D NMR (HSQC, HMBC, and 1H-1H COSY), as illustrated in Figure 2 and Figures S6-S11). 

Four degrees of unsaturation were ascribed to the tetracyclic structure of 4. One degree was 
assigned to the carbonyl moiety, another to the sugar moiety, and the remaining degree of unsaturation 
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was accounted for by an additional cycle. The data suggest that 4 is a polyoxygenated tetracyclic 
cucurbitane triterpene glycoside with an additional epoxide ring [15].  

The trisubstituted epoxide ring was positioned at C-5 (δC 65.7) and C-6 δH 3.40 (d, J = 5.5 Hz, 
H-6)/ δC 52.6 (C-6), determined by the identified correlations between H-6/ H-7 and H-7/H-8 in the 
1H-1H COSY spectrum, alongside with the observed correlations observed between H-3, H3-28, and 
H3-29 with C-5, and H-7 with both C-5 and C-6 in the HMBC spectrum. Also, the carbonyl group was 
positioned at C-11, evident from the HMBC correlations between H2-12 and C-11 in the HMBC 
spectrum, supported by the lack of correlations between H2-12 and neighboring protons in the1H-1H 
COSY spectrum, affirming the connection of H2-12 with two quaternary carbons, specifically C-11 
and C-13. The positions of three hydroxyl groups at C-23, C-24, and C-25 were determined based on 
the correlations observed between H3-21/H-20, H-20/H-22, H-22/H-23, and H-23/H-24 in the 1H-1H 
COSY spectrum. This was further supported by, the observed HMBC cross peaks between H2-22 with 
C-23 and C-24, and H3-26 and H3-27 with C-25 and C-24 in the HMBC spectrum. Additionally, the 
glucose moiety was linked to C-3, as indicated by the HMBC correlation between H-3/ C-1' and H-1/ 
C-3 in the HMBC spectrum. The β-orientation of the anomeric carbons in glucose was validated by 
the significant coupling constant of H-1' δH 4.26 (d, J = 7.7 Hz) along with the downfield-shifted 
signal of C-1 at δC 105.5 compared to related metabolites [13, 14]. The NMR spectroscopic data of 4 
showed similarities to Bryonioside D, with an additional hydroxyl group at C-23 [15].   

The relative spatial arrangement of compound 4 was deduced by analyzing its NOESY 
spectrum data (Figure 2, Figures S12, S13) and comparing its 1D-NMR data with related metabolites. 
Specifically, the NOE correlations observed between protons H-3/H-1', H-1'/H-6, and H-6/H3-28, in 
conjunction with the absence of correlations between ꞵ-oriented H3-19 with H-6 and H-3, established 
the α-orientation of H-3 and H-6 as well as the β-orientation of the epoxide ring. Moreover, the 
absence of correlations between H-23 and H-24 indicated that indicated that these protons are oriented 
in opposite directions. Furthermore, the correlations observed between well-established β-oriented 
protons H3-18/ H-8, H-8/H3-21, H3-21/ H-22β, and H-22 β/H-23 indicated that OH-23 was in an α-
orientation. Conversely, the correlation observed between H-24 and H-22α suggested that OH-24 was 
in a β-orientation. Finally, strong consistency between the 1D-NMR analysis of the side chain with 
related metabolites, alongside the key NOESY correlations, supported the proposal that the deduced 
structure matched the 23R and 24R configurations found in cycloccidentalic acid A and 
Neolasiandroside B [16-18]. Based on the aforementioned observations and analyses, compound 4 was 
determined to be 5β,6β-epoxy, 23(R*),24(R*),25-trihydroxy-3-O-β-D-glucopyranosyl-cucurbita-11-
one, and it was identified as kedrojiftene A. 

Compound 5 was obtained as a white amorphous powder. The molecular formula C36H62O11, 
was determined through negative HRESIMS, showcasing peaks at m/z 715.4286 [M+HCOO]- (calcd. 
for C37H63O13, 715.4269) and m/z 705.3989 [M+Cl]- (calcd. for C36H62O11Cl, 705.3981). The 1D and 
2D NMR spectral data corroborated this formula, suggesting a total of six indices of unsaturation. 
These results aligned with the 36 signals detected in APT-NMR (Figure S17, S18). Of these, 30 
signals were categorized using HSQC (Figure 2 and Figures S17-S20) into eight methyls, seven 
methylenes, and nine methines. The methines comprised five oxygenated carbons at δC 54.2, 67.0, 
78.8, 78.8, and 86.7. Furthermore, six quaternary carbons were identified, including two oxygenated 
carbons at δC 68.2 and 73.2. The remaining six carbons were attributed to the sugar (hexose) moiety, 
with a characteristic anomeric carbon (C-1') at δC 105.5. The remaining sugar carbons resonated at δC 
61.4, 70.4, 74.0, 76.1, and 76.3 (C-2' to C-6'), which were assigned to the glucose moiety. 

Compound 5 showed great similarity to compound 4, differing only in the absence of a 
carbonyl group and the presence of an additional hydroxyl group at C-11. The correlation observed 
between H-11, resonating at δH 3.76 (J = 11.9, 5.0 Hz), and H-12 δH 1.91, (m) and 1.54, (m) in the 1H-
1H COSY spectrum (Figure S24), in conjunction with the correlations between H3-19 and H2-12 with 
C-11 in the HMBC spectrum, validates the location of the additional hydroxyl group at C-11 (Figure 
S22). From the previously mentioned data, we found that compound 5, differing primarily from 5α,6α-
Epoxymogroside I E1 in the presence of an additional hydroxyl group at C-23[19].   

The relative stereochemistry of 5 was deduced from the analysis of the NOESY spectrum 
(Figures S25, S26) and by comparing it with data from compounds previously isolated in the 
literature. The observed correlations between H-11 and the two β-oriented methyls H3-18 and H3-19 in 
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the NOESY spectrum, coupled with the significant coupling constant of H-11 (J = 11.9, 5.0 Hz) [19, 
20], indicated that the relative configuration of the OH at C-11 is α- oriented. Additionally, the 
significant correlations observed between H-1'/H-3, H-3/H-6, and H-6/H3-28, along with the absence 
of correlation between H-6, H-3, and H3-19, implied the α-orientation of H-6 and H-3 as well as the β-
orientation of the epoxide ring. Moreover, the correlations observed between H3-18/ H3-21, H3-21/ H-
23, H3-21/H-22β, and H-22β/H-24, coupled with the comparison of the NMR spectra of the side chain 
of 5 with related metabolites [21-23], suggested that OH-23 and OH-24 were α-oriented, and 
confirming the proposed structure as 23R and 24S. From the aforementioned data, 5 was identified as 
5β,6β-epoxy-23(R*),24(S*),25-trihydroxy-3-O-β-D-glucopyranosyl-cucurbita-11-ol and designated as 
kedrojiftene B. 

Compound 6 was determined to have a molecular formula of C36H60O11 based on its negative 
HRESIMS peaks at m/z 713.4137 [M+HCOO]- (calcd. for C37H61O13, 713.4112) and m/z 703. 3838 
[M+Cl]- (calcd. for C36H60O11Cl, 703.3824). This determination was supported by NMR (1H and APT) 
spectral data, indicating seven degrees of unsaturation. Compound 6 shared the identical molecular 
formula with 4. Upon comparing the 1H and APT data of 6 with those of 4, we found that compounds 
4 and 6 shared the same carbon skeleton of cucurbitane triterpene glycoside. 

 

 
 
 

Figure 2: Key HMBC and 1H-1H COSY correlations of compounds 4-7 
 

 By careful examination of the NMR data, we found that they shared the same count of 
methyls, methines, methylenes, and quaternary carbons, differing primarily in the upfield shift of C-3 
(δC 76.6) and the downfield shift of C-25 (δC 80.4) in 6, as opposed to the downfield shift of C-3 (δC 
85.8) and upfield shift of C-25 (δC 73.6) in 4. These shifts in the APT data, accompanied by the 
identified correlations between H3-26, H3-27, and H-1' with C-25, as well as between H-3 with C-2, C-
4, C-28, and C-29 in the HMBC spectrum (Figure S34, S35), suggest that the glucose moiety is linked 
to C-25 in compound 6, rather than to C-3 as seen in compound 4. This suggestion is confirmed by the 
correlations between H-1/H-2 and H-2/H-3 and H-20/H-22, H-22/H-23 and H-23/H-24 in the 1H-1H 
COSY spectrum (Figure S36, S37). 
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Table 1. 1H-NMR Data for Compounds 4-7 (600 MHz, CD3OD, δ in ppm, J in Hz) 

                 

Position 4 5 6 7 
1 1.75 (m) 1.82 (m) 1.82 (m) 1.80 (m)  

1.32 (m) 2.38 (m) 1.28 (m) 2.38 (m) 
2 1.83 (m) 2.01 (m) 1.73 (m) 1.34 (m)  

2.14 (m) 2.08 (m) 1.88 (m) 2.05 (m) 
3 3.48 (br s) 3.47 (br s) 3.46 (br s) 3.47 (br s) 
4 

    

5 
    

6 3.40 (d, J = 5.5 Hz) 3.36 (m) 3.25 (d, J = 5.5 Hz) 3.36 (m) 
7 1.98 (m) 1.85 (m) 1.95 (m) 1.84 (m)  

2.24 (dd, J = 16.7, 9.1 Hz,) 2.18 (m) 2.21 (m) 2.19 (m) 
8 1.92 (m) 1.62 (m) 1.89 (m) 1.60 (m) 
9 

    

10 2.41 (dd, J = 12.1, 3.0 Hz) 2.43 (dd, J = 11.7, 2.6 Hz) 2.39 (dd, J = 12.2, 3.1 Hz) 2.42 (dd, J = 11.6, 2.6 Hz) 
11 

 
3.76 (dd, J = 11.9, 5.0 Hz)  3.75 (m) 

12 3.14 (d, J = 14.4 Hz) 1.91 (m) 3.13 (d, J = 14.5 Hz) 1.86 (m)  
2.45 (d, J = 14.5 Hz) 1.54 (m) 2.44 (d, J = 14.5 Hz) 1.83 (m) 

13 
    

14 
    

15 1.36 (m) 1.16 (m) 1.43 (m) 1.13 (m)  
1.50 (m) 1.29 (m) 1.31 (m) 1.48 (m) 

16 1.47 (m) 1.44 (m) 1.5 (m) 2.01 (m)  
2.08 (m) 2.00 (m) 2.1 (m) 

 

17 1.78 (m) 1.59 (m) 1.76 (m) 1.61 (m) 
18 0.75 (s, 3H) 0.93 (s) 0.74 (s) 0.91 (s) 
19 1.16 (s, 3H) 1.23 (s) 1.16 (s) 1.22 (s) 
20 1.73 (m) 1.78 (m) 1.75 (m) 1.52 (m) 
21 0.97 (d, J = 5.5 Hz) 1.02 (d, J = 6.4 Hz) 0.95 (d, J= 5.6 Hz) 0.99 (d, J = 6.2 Hz) 
22 1.47 (m) 0.93 (m) 1.47 (m) 1.28 (m)  

1.55 (m) 1.93 (m) 1.58 (m) 1.53 (m) 
23 3.75 (td, J = 8.1, 2.1 Hz) 4.05 (d, J = 10.9 Hz) 3.80 (td, J = 10.7, 1.9 Hz) 1.39 (m), 1.99 (m) 
24 3.10 (d, J = 8.3 Hz) 3.05 (br s) 3.38 (d, J = 6.4 Hz) 3.23 (m) 
25 

    

26 1.25 (s) 1.24 (s) 1.36 (s) 1.15 (s) 
27 1.24 (s) 1.27 (s) 1.34 (s) 1.18 (s) 
28 0.91 (s) 0.88 (s) 0.88 (s) 0.88 (s) 
29 1.20 (s) 1.20 (s) 1.15 (s) 1.20 (s) 
30 1.19 (s) 0.95 (s) 1.20 (s) 0.95 (s) 
1` 4.26 (d, J = 7.7 Hz) 4.26 (d, J = 7.6 Hz) 4.56 (d, J = 7.8 Hz) 4.25 (d, J = 7.5 Hz) 
2` 3.31 (m) 3.31 (m) 3.28 (m) 3.31 (m) 
3` 3.27 (m) 3.28 (m) 3.17 (m) 3.28 (m) 
4` 3.22 (m) 3.23 (m) 3.29 (m) 3.24 (m) 
5` 3.36(m) 3.34 (m) 3.38 (m) 3.35 (m) 
6` 3.68 (dd, J = 12.0, 5.6 Hz) 3.68 (dd, J = 11.9, 5.6 Hz) 3.85 (dd, J = 11.8, 1.7 Hz) 3.68 (dd, J = 11.7, 5.5 Hz)  

3.85 (dd, J = 11.9, 2.5 Hz) 3.85 (dd, J = 11.9, 2.4 Hz) 3.65 (dd, J = 11.8, 5.4 Hz) 3.85 (dd, J = 11.9, 2.4 Hz) 
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                Table 2. APT- NMR Data for Compounds 4-7 (150 MHz, CD3OD, δ in ppm) 

Position 4 5 6 7 
1 19.6 24.2 18.8 24.2 
2 28.2 29.6 29.4 29.7 
3 85.8 86.7 76.6 87.1 
4 40.2 40.5 39.5 40.5 
5 65.7 68.2 68.5 68.2 
6 52.6 54.2 51.5 54.2 
7 22.2 22.5 22.2 22.5 
8 42.5 42.0 42.7 42.0 
9 48.5 39.1 48.5 39.2 
10 33.1 33.8 32.9 33.8 
11 215.9 78.8 216.0 78.9 
12 48.1 39.5 48.1 39.5 
13 48.8 46.0 48.7 45.9 
14 48.8 49.3 48.8 49.3 
15 34.0 33.9 33.9 33.1 
16 27.1 27.3 27.1 27.0 
17 50.4 51.3 50.4 50.6 
18 15.7 15.8 15.7 15.8 
19 17.9 23.6 17.9 23.6 
20 31.5 32.0 31.8 35.6 
21 17.2 17.7 17.3 17.7 
22 40.9 41.8 40.0 33.8 
23 69.8 67.0 68.5 27.0 
24 78.5 78.8 79.2 78.3 
25 73.6 73.2 80.4 72.5 
26 22.7 24.6 21.9 23.6 
27 26.5 25.9 23.1 24.3 
28 19.0 19.7 19.3 19.7 
29 24.2 24.7 24.0 24.6 
30 19.2 19.8 19.1 19.8 
1` 105.5 105.5 96.7 105.6 
2` 74.0 74.0 73.9 74.1 
3` 76.4 76.3 76.9 76.4 
4` 70.4 70.4 70.4 70.4 
5` 76.2 76.1 76.5 76.2 
6` 61.4 61.4 61.5 61.5 
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When comparing the structures of 6 with Bryonioside D, a significant difference is noted. This 
difference is particularly evident in the position of the glucose moiety and the chemical shifts of C-3 
and C-23 [15]. The relative stereochemistry of 6 was determined through an analysis of its NOESY 
spectrum (Figures S38, S39) and by comparing its NMR data with metabolites documented in 
literature. Specifically, the correlations observed between H3-28/ H-6, H3-28/H-3, H3-19/H-12β, and 
H-12β/H-11 indicate that the OH at C-11 is α-oriented, while OH-3 is β-oriented. Furthermore, the 
relative stereochemistry of the side chain was found to be similar to that of 4, as evidenced by the 
correlations identified between H3-18/H-12β, H-12β/ H3-21, H3-21/ H-23, and H-24/H-1' alongside the 
coherent NMR data of compound 6 compared to 4 and related analogues as [24].Thus, compound 6 
was characterized as 5β,6β-epoxy-3,23(R*),24(R*)-trihydroxy-25-O-β-D-glucopyranosyl-cucurbita-
11-one, designated as kedrojiftene C. 

Compound 7 was isolated as a white amorphous powder, and the chemical formula was 
determined to be C36H62O10 based on positive HRESIMS [M+H]+ ion peaks at m/z 655.4406 (calcd. for 
C36H63O10, 655.4421) and [M+Na]+ m/z 677.4242 (calcd. for C36H62O10Na, 677.4241). Accordingly, 7 
was determined to possess six degrees of unsaturation, and its structure was elucidated through 1D and 
2D NMR analyses.  

The findings were consistent with the 36 signals detected in the APT-NMR (Figure S43), with 
30 of them classified through HSQC (Figures 2 and S45) into eight methyls, eight methylenes, eight 
methines, including four oxygenated carbons at δC 54.2, 78.3, 78.9, and 87.1. Additionally, six 
quaternary carbons were present, among which were two oxygenated carbons at δC 68.2 and 72.5. The 
remaining six carbons were attributed to the β-glucopyranosyl moiety. Thorough examination revealed 
that 7 had great structural similarity with 5, differing solely in possessing three hydroxyl groups 
instead of four as in 5. This distinction was notably evident in the side chain, with an upfield shift of 
C-22 (δC 33.8) and C-23 (δC 27.0), and a downfield shift of C-22 (δC 41.8) and C-23 (δC 67) in 7 
compared to 5, respectively. The correlations detected between H-20 and H-22, H-22 and H-23, and 
H-23 and H-24 in the 1H-1H COSY spectrum (Figures S49, S50) in 7, paired with the correlations 
noted between H3-26, H3-27 with C-24, C-25, and H2-22 with C-23 and C-24 in the HMBC spectrum 
(Figures S47, S48) established the position of hydroxyl groups at C-24 and C-25 similar to 5α,6α -
Epoxymogroside I E [19] . 

The relative configuration of 7 was determined by comparing its NMR data together with the 
analysis of NOESY spectrum (Figures S51 and S52). In the NOESY spectrum, correlations such as H-
3/ H3-28, H-3/H-1`, H-3/H-6, and H3-18/H-11 were observed, while the absence of correlations 
between H3-19 with H-3 and H-6 indicated an α-orientation for OH-11 and a β-orientation for the 
epoxide ring. Additionally, the identical NMR data with previously isolated compounds sharing the 
same side chain [25-27] suggested an α-orientation for OH-24. This was substantiated by the detected 
correlations between H-22β/ H-23β and H-23β/ H-24 in the NOESY spectrum. Based on the above 
data, compound 7 was characterized as 5β,6β-epoxy-24(R*)-25-diydroxy-3-O-β-D-glucopyranosyl-
cucurbita-11β-ol and designated kedrojiftene D.  

The biosynthesis of cucurbitane-type triterpenoids, originate from lanosterol, begins with the 
cyclization of 2,3-oxidosqualene to cucurbitadienol. This initial step is catalyzed by oxidosqualene 
cyclase (OSC). Subsequent metabolic processes, including hydroxylation, and glucosylation, resulting 
in diverse array of polyoxygenated and glycosylated cucurbitane triterpenoids. Several enzymes are 
potentially involved in these various biosynthetic steps, including cytochrome P450 (CYP) and UDP-
glucosyltransferase (UGT) [28, 29] 
 
3.2. In vitro α-Glucosidase Inhibitory Assay  
 

Many studies have shown that the phenolic compounds in food and health products can aid in 
managing control blood sugar [30-32]. α-Glucosidase inhibitors have shown promise not only in 
diabetes treatment but also in mitigating diet-induced hyperglycemia [32].  

The α-glucosidase enzyme is considered as a key glycosidase involved in the metabolic 
processing of glucose. This enzyme catalyzes the hydrolysis of the α-glucoside bond, consequently 
releasing simple α-glucose. In our study, we evaluated the inhibitory activity of each compound (1-7) 
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against the α-glucosidase enzyme at a concentration of 500 μg/mL, comparing their effectiveness to 
DMSO used as the negative control.   

The tested compounds exhibited a spectrum of α-glucosidase inhibitory activity, spanning 
from significant or moderate inhibition to weak or negligible effects. The enzyme activity percentages 
(Figure 3) were 80.5 ± 1.72, 84.9 ± 6.47, and 79.8 ± 1.52, corresponding to inhibition percentages of 
19.5%, 15.1%, and 20.2% for compounds (1), (2), and (3), respectively. In contrast, the triterpenoids 
exhibited weak activity. The reduced activity in (2) could be linked to the absence of a methoxy group 
at C-3, while the slight enhancement in (5) might result from substituting the ketone at C-11 with a 
hydroxyl group. 
 

 
Figure 3. Effect of the isolated compounds (1-7) from K. gijef on α-glucosidase. All compounds were 

assayed in triplicate and expressed as mean ± SD (n = 3), (**) p < 0.01, (*) p < 0.05, 
compared with negative control (DMSO) 
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