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Abstract: A new dihydroisocoumarin glucoside, vacillanoside (3), and two new anthrone C-glycosides 
microdantin derivatives; vacillantin A (10) and B (11), together with nine known compounds belonging 
to the anthraquinone, anthrone and isocoumarin groups were isolated from the leaves of Aloe vacillans. 
The structures were determined based on spectroscopic evidence, including 1D and, 2D nuclear 
magnetic resonance (NMR) spectroscopy and, high resolution mass spectrometry (HRESIMS) data, 
along with comparisons to reported data. The leaves were used to extract compounds with different 
solvents.  The extracts tested for antioxidant activity with a variety of in vitro tests, including 2,2-
diphenyl-1-picrylhydrazyl (DPPH•), 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonate (ABTS•+), ferric 
reducing antioxidant power assay (FRAP), superoxide and nitric oxide radical scavenging assays. The 
dichloromethane fraction was most active, displaying significant free radical scavenging activity. The n-
butanol fraction also showed notable activity in all assays. Therefore, these findings support the 
potential use of A. vacillans leaves as an antioxidant medication due to the presence of polyphenolic 
compounds.  

Keywords: Aloe vacillans; Asphodelaceae; dihydroisocoumarin glucoside; anthraquinone;         

  9 anthrone C-glycoside; antioxidant activity. 
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acid  using nitric oxide method 
  
  
  
  

a- DPPH(2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity  
The antioxidant effect of the plant extracts, based on the scavenging potency of the stable 1, 
1-diphenyl-2- picrylhydrazyl (DPPH) free radical, was measured by using the 
technique approved by Braca et al. (2001) [42]. Several concentrations of each extract were 
mixed with 3 mL of a 0.004% ethanol solution of DPPH. One ml methanol instead of 
extract was used to prepare control. The absorbance of color strength was measured at 520 
nm after 30 minutes and the percentage inhibition of antioxidant effect was measured by 
using the below formula:  

[(A0-A1)/ A0] ×100  
Where A0 is the absorbance of the control (DPPH solution) and A1 is the absorbance of the 
oil/standard.    
  

b- ABTS (2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) assay  
The radical scavenging potency of the Aloe vacillans extracts versus ABTS radical cation 
was calculated using the technique designated by Re et al. (1999) [43]. The ABTS solution was 
prepared in water with a concentration of 7 mmol/L; an aqueous solution of 
potassium persulphate was also prepared with a concentration of 2.45 mmol/L. The two 
solutions were added in equal volume (1: 1) and stored in dark for 6 hr. at 
room temperature. During that period, ABTS radical was produced. The ABTS stock 
solution was diluted with ethanol to an absorbance of 0.70±0.02 at 734 nm and equilibrated 
at 30°C. An aliquot of different extracts was mixed with 2.9 ml of diluted ABTS radical cation 
solution. After the reaction was incubated at 30°C for 20 minutes, absorbance was measured 
at 734 nm. The ability affinity of the oil to quench ABTS free radical was calculated according 
to the formula:     

Scavenging (%) = [ (Ac- Aa/ Ac)] ×100  
Where Ac= absorbance of control and Aa= absorbance of the oil.  
  

c- Ferric reducing antioxidant power (FRAP) assay  
The ferric free radical scavenging power was measured based on the technique described by 
Oyaizu (1986) [44]. The reduction of ferric ion to ferrous ion is confirmed by formation of 
Perl’s Prussian blue color. several dilution of the Aloe vacillans extracts (20-100 µg/ml) in 1 
mL of distilled water were added to 0.2 M phosphate buffer (2.5 mL, pH 6.6) and 1 % 
potassium ferricyanide (2.5 mL). The mixture was incubated at 50°C for 20 minutes. 2.5 ml of 
10 % trichloroacetic acid was added to the mixture, followed by centrifugation at 3000 rpm 
for 10 minutes. 2.5 ml of distilled water was added to equal amount of the supernatant 
followed by addition of 0.5 ml of 0.1 % FeCl3, the absorbance was recorded at 700 nm.   
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d- Superoxide Anion Scavenging Radical Assay  
Reactive oxygen species such as superoxide anions and other free radicals are formed during 
metabolism and specialized physiological reactions. Repeated exposure to these radicals 
is considered a main cause of aging, neurodegenerative, and inflammatory diseases due to 
gradual damage of cellular components, such as DNA and proteins [45].  
The superoxide anion radical scavenging activities of the extracts were evaluated using the 
method described by Fontana et al [45] with slight modification. To various concentrations 
of the samples (20.0–100 _μg/mL), 1.0 mL of phosphate buffer (0.1 M, pH 7.2), 1.0 mL of 
NADH (2 mM), 1.0 mL of NBT (0.5 mM), and 0.1 mL of PMS (0.03 mM) were added. After 5 
min incubation at ambient temperature, the absorbance was read at 562 nm against a reagent 
blank to detect the quantity of formazan generated. The standard used was ascorbic acid. All 
of the tests were performed in triplicate.  
The % scavenging/inhibition were calculated as below  
% scavenging/inhibition = [(Absorbance Control- Absorbance Test)/Absorbance control] _ 
100 (2)  
where A control = absorbance of control sample and Atest = absorbance in the presence of 
extracts or standard.  
  

e- Nitric Oxide Scavenging Radical Assay  
Nitric oxide is classified as a free radical because of its unpaired electron and important 
reactivity with certain types of proteins and other free radicals, such as superoxide in vivo. 
NO is synthesized in the vascular endothelial cells, certain neuronal cells, and 
phagocytes. Chronic exposure to nitric oxide radical can cause various carcinomas and 
inflammatory conditions [46]. In vitro quenching of NO radical is one of the methods that 
can be used to measure antioxidant activity in which nitric oxide is generated from 
sodium nitroprusside interaction with oxygen to produce nitrite ions, which were measured 
by the Griess reaction. The procedure done was reported by Nagmoti et al with slight 
modifications [46]. Three milliliters of 10 mM sodium nitroprusside in phosphate buffered 
saline (pH 7.4) were added to different concentrations of (20–100 μg/mL) tested samples. 
After 60 min incubation at 25 _C, the resulting solution was then added to 5.0 
mL of Griess reagent (1% sulphanilamide, 0.1% NEDD in 2% H3PO4). At 546 nm, the 
absorbance of the chromophore formed was measured against a reagent blank. 
Percentage inhibition of the nitrite ions generated was observed. Ascorbic acid was used as a 
standard for comparison. The free radical  
scavenging activity was determined by computing % inhibition as above. 
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Figure 1S. Aloe vacillans. 
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Fig. 2S. Chemical structures of the isolated compounds (1-12) from A. vacillans  
(Glc = glucose). 
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Table 1S. 1H NMR (CD3OD, 500 MHz) of compounds (4-9).  
 

 

No. 4 5 6 7 8 9 
1 - - - - - - 
2 6.94, br s 6.94, br s 6.87, br s 6.86, br s 6.81, br s 6.75, br s 
3 - - - - - - 

4 7.38, br s 7.49, br s 7.02, br s 7.03, br s 6.98, br s 6.97, br s 

5 7.46, d (7.6) 7.39, d (7.6) 7.01, br d (7.0) 7.06, d (7.4)  6.91, br d (7.4)  7.00, d (7.3)  
6 7.55, t (8.1, 7.9) 7.57, t (8.0) 7.45, t (8.0) 7.44, t (8.1)  7.40, t (7.8)  7.37* 
7 6.91, d (8.2)  6.93, d (7.9) 6.83, d (8.3) 6.84, d (8.1) 6.70, d (8.2) 6.77, d (8.5) 
8 - - - - - - 
9 - - - - - - 
10 - - 4.55, br s 4.56, (br s) 4.46, d (1.6)  4.50, br s 

1a - - - - - - 
4a - - - - - - 
5a - - - - - - 
8a - - - - - - 

3-CH2OH 4.66, d (14.6) 
4.70, d (14.6) 

4.64, d (14.6) 
4.68, d (14.4) 

4.65, d (5.0) 4.64, d (2.1)  4.62, d (5.9)  4.64,  d (2.1)   

H-1` 3.27, d (9.5) 3.26, d (9.3)  3.30, dd (9.3, 1.9) 3.39, dd (9.8, 2.0) 3.31, d (9.5)  3.31, dd (9.8, 2.0) 

H-2` 2.94, br t (9.1)    2.97, t (9.2)  2.91, t (9.3) 3.00, t (9.3) 3.00, t (9.3) 3.09, t (9.3) 

H-3` 3.24, t ( 8.9) 3.24, d (8.4) 3.28, t (8.7) 3.26, m 3.29, d (9.3)  3.31, m 

H-4` 2.82, t (9.4) 2.82, dd (9.4, 9.0) 2.83, t (9.2)   2.90, br d (5.5)  2.86, t (9.2)  2.67, t (9.2)  
H-5` 2.94, d (9.1) 2.92, m 2.82, m 2.90, br d (5.5)  3.02, dd (9.3, 2.5) 3.04, t (8.0)  

H-6`a 3.57, dd (11.7, 2.0) 3.55, dd (11.7, 2.1) 3.47, br dd (12.1, 1.3) 3.36, dd (11.7, 4.9) 3.82, dd (11.7, 7.0) 3.82, dd (11.4, 
7.0) 

H-6`b 3.35, m 3.35, dd (11.8, 6.2)  3.32, br dd (9.8, 2.3) 3.54, br d (11.0) 4.23, dd (11.7, 2.0) 4.23, br d (11.5) 

Acyl moiety     Coumaroyl Coumaroyl 
1`` - - - - - - 

2`` - - - - 7.49, d (8.5) 7.48, d (8.4)  

3`` - - - - 6.85, d (8.5) 6.68, d (8.4)  

4`` - - - - - - 

5`` - - - - 6.85, d (8.5) 6.68, d (8.4) 

6`` - - - - 7.49, d (8.5) 7.48, d (8.4)  

7`` - - - - 7.40, d (15.9)   7.40, d (15.6) 

8`` - - - - 6.13, d (15.9) 6.12, d (5.9) 

9`` - - - - - - 
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Table 2S. 13C NMR (CD3OD, 125 MHz) of compounds (4-9). 

No. 4 5 6 7 8 9 
1- C 163.1 162.9 163.2 163.0 163.2 162.8 
2- CH 115.3 115.2 114.4 114.1 114.6 114.1 
3- C 151.6 152.4 151.4 152.3 151.0 152.1 
4- CH 116.9 116.0 119.2 117.7 119.2 119.1 
5- CH 118.1 119.0 120.0 121.3 119.4 121.3 
6- CH 137.1 136.5 137.0 136.3 136.9 136.0 
7- CH 117.9 118.2 116.8 117.1 116.7 117.2 
8- C 162.5 162.8 162.8 163.0 162.6 162.7 
9- C 194.4 194.4 195.4 195.4 195.3 195.3 
10- CH 76.6 76.8 45.8 45.7 45.5 45.4 
1a- C 116.4 116.1 117.6 117.5 117.9 117.8 
4a- C 146.8 146.6 143.1 142.9 142.4 142.1 
5a- C 148.6 149.0 146.5 146.8 146.9 147.2 
8a- C 117.1 117.6 118.5 118.8 118.9 119.1 
11- CH2 64.6 64.6 64.5 64.5 64.5 64.5 
1`- CH 85.2 85.1 86.5 86.5 85.8 85.8 
2`- CH 72.9 72.9 71.8 71.8 715 71.5 
3`- CH 79.4 79.5 79.9 79.9 79.7 79.7 
4`- CH 71.5 71.5 71.9 71.9 71.8 71.8 
5`- CH 81.6 81.6 81.6 81.5 79.0 78.9 
6`- CH2 63.2 63.2 63.2 63.1 64.5 64.5 
Acyl moiety     Coumaroyl Coumaroyl 
1``- C - - - - 127.3 127.3 
2``- CH - - - - 131.3 131.4 
3``- C - - - - 116.7 116.8 
4``- C - - - - 161.1 161.0 
5``- CH - - - - 116.7 116.8 
6``- CH - - - - 131.3 131.4 
7``- CH - - - - 146.4 146.5 
8``- CH - - - - 114.9 114.8 
9``- C - - - - 168.9 169.0 
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Figure 3S. 1H NMR spectrum of compound (3) (500 MHz, CD3OD) 

Figure 4S. 13C NMR spectrum of compound (3) (125 MHz, CD3OD) 
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Figure 5S. DEPT 13C NMR spectrum of compound (3) (125 MHz, CD3OD) 

Figure 6S. 1H-13C HSQC spectrum of compound (3) (500 MHz, CD3OD)  
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Figure 7S. 1H-1H COSY spectrum of compound (3) (500 MHz, CD3OD) 

Figure 8S. 1H-13C HMBC spectrum of compound (3) (500 MHz, CD3OD) 
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Figure 9S: HRESIMS spectrum of compound (3) (A) positive mode, (B) negative mode. 
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Figure 10S. 1H NMR spectrum of compound (10) (500 MHz, CD3OD) 

Figure 11S. 13C NMR spectrum of compound (10) (125 MHz, CD3OD) 
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Figure 12S. DEPT 13C NMR spectrum of compound (10) (125 MHz, CD3OD) 

Figure 13S. 1H-13C HSQC spectrum of compound (10) (500 MHz, CD3OD) 

 

 



16 

 

Figure 14S. 1H-1H COSY spectrum of compound (10) (500 MHz, CD3OD) 

Figure 15S. 1H-13C HMBC spectrum of compound (10) (500 MHz, CD3OD) 
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[M-H]-

10

Figure 16S: HRESIMS spectrum of compound (10) negative mode. 
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Figure 17S. 1H NMR spectrum of compound (11) (500 MHz, CD3OD) 

Figure 18S. 13C NMR spectrum of compound (11) (125 MHz, CD3OD) 
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Figure 19S. DEPT 13C NMR spectrum of compound (11) (125 MHz, CD3OD) 

Figure 20S. 1H-13C HSQC spectrum of compound (11) (500 MHz, CD3OD) 
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Figure 21S. 1H-1H COSY spectrum of compound (11) (500 MHz, CD3OD) 
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Figure 22S. 1H-13C HMBC spectrum of compound (11) (500 MHz, CD3OD)  
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[M-H]-

11

Figure 23S: HRESIMS spectrum of compound (11) negative mode 
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[M-H]-
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[M+H]+

Figure 24S: HRESIMS spectrum of isolated compounds 
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Figure 25S. Scavenging activity of the organic extracts of A. vacillans and ascorbic acid using 

DPPH assay 
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Figure 26S. Scavenging activity of the organic extracts of A. vacillans and ascorbic acid using 

ABTS assay 
 

 

 



28 

 

Reducing Power

1.2 1.4 1.6 1.8 2.0 2.2
0

50

100

150
Ethyl Alcohol
n-butanol
Ethyl Acetate
CHCl3
Ascorbic Acid

Log concentration

Pe
rc

en
t i

nh
ib

iti
on

 
Figure 27S. Reducing power of the organic extracts of A. vacillans and ascorbic acid using 

FRAP method 
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Figure 28S. Scavenging activity of the different extracts of A. vacillans and ascorbic acid using 
superoxide assay 
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Nitricoxide
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Figure 29S. Scavenging activity of the organic extracts of A. vacillans and ascorbic acid using 
nitric oxide method 

 


