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Abstract 

Some species of the genus Hypoxis within the Hypoxidaceae family are known 
to contain phenolic glycosides that have different clinical functions. In the 
African continent Hypoxis species are regarded as valuable medicinal plants 
that have been used for decades by traditionalists and natives to treat numer-
ous ailments. The corms and rhizomes of the geophytes contain hypoxoside, a 
norlignan diglucoside, which is one of the important phytochemicals with 
medicinal functions found in Hypoxis. In this study corm extracts of seven 
species: H. acuminata, H. argentea, H. filiformis, H. gerrardii, H. hemerocal-
lidea, H. iridifolia and H. parvifolia were analyzed for the presence of ellagic 
acid, total phenolic content (TPC) and hypoxoside. Extracts of H. iridifolia 
and H. gerardii had the highest levels of total phenolic content of 369.6 µg/g 
and 318.2 µg/g, respectively, compared to the rest of the species. Hypoxoside 
was found to be present in corm extracts of all the species in varying propor-
tions. H. gerrardii, H. argentea and H. filiformis had the highest relative hy-
poxoside content of 7.1%, 6.6% and 6.6%, respectively. It is interesting to note 
that Hypoxis hemerocallidea, the most commonly used species for medicinal 
extracts contained a much lower level of hypoxoside than most of the other 
species. Our study included species that have not been previously analyzed for 
either TPC or hypoxoside presence such as H. filiformis and H. gerrardii, thus 
providing novel information regarding the medicinal status and biochemical 
compounds of these Hypoxis species. 
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1. Introduction 

Some species of the genus Hypoxis belonging to the Hypoxidaceae family [1] [2] [3] 
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[4] are known to contain compounds of medicinal value, mainly phenolic glycosides 
[5]. Members of this family are distributed worldwide, but mainly in the Southern 
Hemisphere [3] and the Torrid Zone [5]. In southern Africa and other parts of the 
continent, species of Hypoxis are regarded as valuable medicinal plants that have 
been used for decades by traditionalists and natives to treat numerous ailments [6]. 
Appleton et al. [7] reported that twelve species of Hypoxis were used in southern 
Africa for medicinal purposes. The corms and rhizomes of the geophytes contain 
the chemical compound (E)-1,5-bis(3’-hydroxy-4’-0-β-D-glucopyranosylphenyl) 
pent-1-en-4-yne [8], also known as hypoxoside, a norlignan diglucoside which is 
the most important phytochemical found in Hypoxis [9] [10]. This compound 
was first isolated and characterized from H. obtusa by Marini-Betolo et al. [11] 
and Vinesi et al. [1], and later from H. rooperi (synonym H. hemerocallidea), H. 
acuminata, H. nitida, H. obtusa, H. rigidula, and H. latifolia, by Drewes et al. [9]. 
Hypoxoside together with the sterol beta-sitosterol, are believed to be the most 
important phytochemicals derived from H. hemerocallidea that are available in 
the market [12]. 

Extracts from Hypoxis corms or rhizomes, usually H. hemerocallidea, com-
monly known as African potato, are used in the pharmaceutical industry to 
make health powders, tablets, capsules and creams to treat various ailments that 
include benign prostate hypertrophy, arthritis, common colds, diabetes, skin 
problems, and rheumatism [13]. Corm extracts of H. hemerocallidea are also 
known to have anti-inflammatory, anti-neoplastic, antioxidant, antidiabetic and 
anti-infective properties [14]. The underground storage organs are seemingly the 
main source of hypoxoside. Bayley and Vanstaden [15] found that extracts from 
leaves, corms, and roots of nine-month old plants of H. hemerocallidea showed 
that the corm contained the highest concentration of the compound, followed by 
the roots, whilst the leaves had insignificant levels of it. Vinesi [1] found that the 
hypoxoside content in the leaves was negligible, and that the rhizomes contained 
5.37% of the compound in H. obtusa. In the study carried out by Page and 
Vanstaden [16] on three types of tissue culture of H. hemerocallidea, it was 
found that only the root type cultures from corm explants contained hypoxoside. 
Katerere and Eloff [17] have also reported a distinct difference in the chemical 
composition between leaves and corms, and that leaf extracts showed a more 
complex composition compared to corm extracts whereas corm extracts con-
tained phytosterols that were not present in leaf extracts. They thus concluded 
that for medicinal use, leaves could not be used as a substitute for corms.  

Other health-associated phytochemical compounds have been reported in 
some species of Hypoxis, such as phenolic compounds in fresh corms of H. he-
merocallidea [18]; sterols and sterolins from plant extracts of H. hemerocallidea 
[19]; glycosides of uncommon aglucones characterized by the Ph-C5-Ph skele-
ton in rhizomes of some African species [20], a geraniol glycoside, acuminoside 
from plant extracts of H. acuminata [21], two phenolic glycosides, aureaside A 
and aureaside B from rhizomes of H. aureus [5], the glucoside nyasoside from H. 
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nyasica [22], interject in a derivative of nyasoside from rhizomes of H. interjecta 
and H. multiceps [23], the glycosides acuminoside, hypoxoside andnyasoside 
from whole plants of H. obtusa [24]; whereas in H. filiformis, ellagic acid, was 
reported to be present [25]. This latter claim was however refuted as being erro-
neous as according to a review by Hillis [26], no member of the monocotyledons 
contains ellagic acid. 

The value and importance of Hypoxis species as medicinal plants is also based 
on the fact that hypoxoside cannot be easily produced synthetically, and thus 
making these species a very important source of the phytochemical [16]. Since 
isolation of hypoxoside on a large scale from natural sources is very difficult, ef-
forts of preparing analogues of rooperol, a derivative of hypoxoside, with the in-
tention of finding a compound that was much simpler but with the same or bet-
ter activity as rooperol were not successful. However, it was possible to isolate 
the major constituents from the corms of H. hemerocallidea, hypoxoside, a pen-
tenyne derivative, and rooperol, the active compound that is derived through 
hydrolysis of hypoxoside by the enzyme [18] [27]. Hypoxoside was first isolated 
and characterized from H. obtusa [11] and together with the sterol be-
ta-sitosterol now form the main phytochemicals extracted from H. hemerocalli-
dea that are on the market [19].  

The purpose of this study was to identify and compare the level of some bio-
chemical compounds present in some Hypoxis species, especially hypoxoside, 
the most important medicinal compound in this genus. H. hemerocallidea seems 
to be the main species that has been widely studied or used for its medicinal 
compounds, and very little research has been done on other species [28]. It has 
been noted that amateur traders assume that all Hypoxis species are African po-
tato (H. hemerocallidea) and as such are medicinal. An investigation made by 
Sathekge et al. [29] revealed that different Hypoxis species were harvested from 
the wild and sold as African potato. This indicates that some of the herbal reme-
dies that are sold on the market contain hypoxoside extracts from different Hy-
poxis species, and not just H. hemerocallidea. Knowledge of the type of second-
ary metabolites that are present in Hypoxis species may not eliminate the prac-
tice, but will render more insight on their true medicinal value and assist with 
future commercial production where more suitable species with high hypoxoside 
content should be used.  

2. Materials and Methods 

2.1. Plant Material 

Seven species of Hypoxis: H. acuminata Baker, H. argentea Harv. Ex Baker, H. 
filiformis Baker, H. gerrardii Baker, H. hemerocallidea Fisch and Ave-Lall, H. 
iridifolia Baker and H. parvifolia Baker were analyzed for the presence and levels 
of ellagic acid, total phenolics and hypoxoside. The plants were taken from the 
wild in different regions of Swaziland, identified at the National Herbarium and 
the corms planted in the greenhouse at the Swedish University of Agricultural 
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Sciences, Alnarp. Corms from the plants that had been in the greenhouse for 2 - 
4 years were harvested, thoroughly washed in running tap water after removing 
the roots, dried with tissue paper, cut into small cubes and stored at −80˚C until 
further use. Before analyses, the frozen samples were dried in a CoolSafeTM 
SCANVAC vacuum freeze-dryer for about 48 h until a constant weight was ob-
tained and then ground into a fine powder using an ICA ®A10 basic grinding 
mill. All analyses had 3 biological replications and data were statistically ana-
lyzed using Minitab 16. 

2.2. Ellagic Acid Determination 

2.2.1. Extraction 
For extraction of ellagic acid, 25 ml 70% acetone were added into 1 g of lyophi-
lized sample powder and placed on a shaker at 4˚C over-night. Aliquots of 1.5 
ml were centrifuged at 12,500 rpm for 12 min and1 ml of the supernatant was 
removed and placed in heat tolerant tubes to which 1 ml 4 M HCl was added. 
The samples were heated on a Techne DRI-Block®DB.2A heating block at 95˚C 
for 4 h and cooled to room temperature. Thereafter, 1 ml of extract was trans-
ferred into new tubes to which 7 ml of 0.1% HCl were added to adjust the ace-
tone concentration in the samples to 8%. Phenomerex Strata® C18-T SPE-Pak 
columns were mounted into vacuum apparatus, one for each sample. The 
SPE-Pak columns were conditioned by running 10 ml methanol through each 
column twice. Columns were equilibrated by flushing with 5 ml 0.1% HCl twice. 
Samples were loaded onto the columns and allowed to run through; columns 
were then washed with 5 ml 0.1% HCl. To elute ellagic acid molecules, 2.5 ml 
methanol was run through the columns and the eluates collected in tubes. 
Eluates of 600 µl were pipetted into HPLC vials for analysis.  

2.2.2. LC-Method 
The extracted samples were injected unto an Agilent 1260 HPLC (High Perfor-
mance Liquid Chromatography)-system that consisted of two mobile phases: 
A—20 mM KH2PO4 (Potassium dihydrogen phosphate), pH 2.3 and methanol 
(proportion 97:3), and B—Acetonitril. The flow rate was 1.0 ml/min, injection 
volume 1 µl using the Phenomenex Kinetex PFP (2.6 u) 50*3 column. Binary 
gradients were used: 0 min 100% A; 3.5 min 75% A, 25% B; 4 min 75% A, 25% B; 
4.5 min 100% A and 6 min 100% A. Ellagic acid was identified and quantified at 
254 nm using Diode detector, by external standard ellagic acid (Sigma-Eldrich, 
USA) and by retention time and light spectrum. 

2.3. Determination of Total Phenolic Content 

2.3.1. Extraction 
One gram of freeze-dried sample powder was placed in 50 ml tube and sus-
pended in 25 ml 70% acetone with gentle shaking overnight at 4˚C. Aliquots of 
1.5 ml were taken from the raw extract and centrifuged at 12,500 rpm for 12 
min. The supernatant was diluted 50× with 70% acetone and used for the analysis. 
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2.3.2. Analysis  
The Folin-Ciocalteau’s colometric method [30], with some modifications, was 
used for phenolic compound analysis. In order to calculate the concentrations of 
phenolic compounds in the samples, a standard curve was first made using a so-
lution of 2 mg/ml chlorogenic acid in methanol with 5 concentrations: 0, 10, 25, 
50, 100 and 200 µg/ml, diluted in 5% ethanol (Figure 1). For the total phenolic 
analysis, 12 µl of the diluted sample extracts or chlorogenic acid solutions were 
loaded directly into a TC-plate and mixed with 50 µl 18.2 Millipore water. 
Twelve µl Folin-Ciocalteau’s reagent (SIGMA) was added and the mixture was 
allowed to react for 6 min before adding 125 µl of 7% (w/v) Na2CO2. The sam-
ples were left to stand at room temperature for 75 min before measuring the ab-
sorbance at 765 nm on the spectrophotometer. Total phenolic content (TPC) 
was expressed as chlorogenic acid equivalents in µg/g of sample dry weight (µg/g 
DW). 

2.4. Hypoxoside Determination 

2.4.1. Extraction 
The presence of hypoxoside was determined using the same extracts obtained 
for total phenolics above (70% acetone). Aliquots of 1 ml were taken from the 
raw sample extracts and centrifuged at 10,000 rpm for 10 min and 600 µl were 
pipetted into HPLC vials and run in the HPLC.  

2.4.2. LC-Method 
The extracted samples were analyzed with an Agilent 1260 HPLC-DAD-MS-ESI(-) 
using a binary gradient, eluent A: 0.1% HCOOH and eluent B: Acetonitril. The 
eluents were mixed as follows: 0 min—95% A, 5% B; 5 min—95% A, 5% B; 25 
min—74% A, 26% B; 35—min 35% A, 65% B; 38—min 95% A, 5% B and 
41—min 95% A, 5% B. The flow rate was 0.425 ml/min, the injection time 1 µl  
 

 
Figure 1. The standard curve of chlorogenic acid at different concentrations used as an 
equivalent standard for total phenolic content in different Hypoxis species. 
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and column Phenomenex Luna C18(2) 100*2 (3 µl). Hypoxoside molecules were 
identified with light spectra from Diode array detector and masses of molecular 
ion M/Z 605 and fragments 425, 245 with MS-ESi(-). 

Hypoxoside content was expressed as the relative percentage of the compound 
obtained from the dry matter extracts of corms of the different species. This was 
derived from the area of hypoxoside molecules occupied by each sample extract 
in the chromatograph. 

3. Results and Discussion 

3.1. Ellagic Acid 

No ellagic acid was detected in any of the samples of the species tested, however 
the chromatograms showed presence of other unidentified biochemical com-
pounds that were similar in all the species but of varying amounts. All other spe-
cies had peaks similar to the one obtained from H. filiformis (Figure 2). Yang et 
al. [25], reported that ellagic acid was found in H. filiformis, however, Hillis [26] 
reported that ellargic acid is not present in monocotyledons and that previous 
reports of its presence were probably “erroneous”. To evaluate if ellargic acid is 
present in corms of Hypoxis, or not, we analyzed the 7 species. Our results par-
tially confirm the report by Hillis, as the compound was not found in corm ex-
tracts of H. filiformis or in any of the other Hypoxis species that we tested, other 
plant parts were not tested for the presence of the compound. The light spectra 
images obtained from the highest peaks in the samples were compared with the 
light spectrum image of ellagic acid obtained from the standard sample. 
 

 
Figure 2. Chromatograph showing one big peak and several small peaks of unidentified compounds detected from the corm ex-
tract of H. filiformis. 

https://doi.org/10.4236/ajps.2018.94044


B. E. Nsibande et al. 
 

 

DOI: 10.4236/ajps.2018.94044 577 American Journal of Plant Sciences 

 

Comparison of the images showed that the light spectra images from the sam-
ples closely resembled that of ellagic acid but lacked a distinct feature that is 
present in ellagic acid (Figure 3) thus disqualifying the extracted compound 
from being ellagic acid. The peak obtained from our results could be any other 
type of secondary metabolite, which due to time limitation could not be verified. 
Sathekge et al. [29] found that corm extracts of H. acuminata, H. hemerocalli-
dea, H. iridifolia and H. rigidula had secondary metabolites that were similar, 
when analyzed using TLC (Thin Layer Chromatography) and HPLC methods. 
Our findings also indicate that the corms of the seven species analyzed contain 
similar compounds, which however, could not be identified as the assay was 
based on the isolation and identification of ellagic acid. 

3.2. Total Phenolic Content (TPC) 

The results presented in Figure 4 show that the extracts from the freeze-dried 
corms of H. iridifolia and H. gerrardii had significantly higher levels of total 
phenolic compounds (p = 0.000) of 369.64 µg/g and 318.21 µg/g, respectively, 
compared to the rest of the species. H. parvifolia had the second highest TPC 
(254.39 µg/g) whilst H. hemerocallidea (204.56 µg/g) extracts had a TPC content 
not different from that of H. parvifolia or H. filiformis (172.84 µg/g). H. argentea 
(171.17 µg/g) also showed a TPC content not significantly different from that of 
H. filiformis or H. acuminata. The corm extracts of H. acuminata had the least 
TPC of 134.79 µg/g. 

In order to make a general assessment of the common phenolic compounds 
present in the samples, extracts from two species that had the highest TPC, H. 
gerrardii and H. iridifolia plus one that had the lowest, H. acuminata, were run  
 

 
Figure 3. Light spectra images of ellagic acid from the ellagic acid standard (red) and an unidentified compound (blue) from the 
corm extract of H. filiformis (also found in abundance in all of the Hypoxis species tested). Arrow shows the special characteristic 
of ellagic acid that is not present in the other image. 
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Figure 4. Total phenolic content in the corms of seven species of Hypoxis. Different let-
ters in the bars indicate a significant difference in total phenolic content. 
 
in the HPLC system using the LC-method described above for hypoxoside. In all 
three samples chlorogenic acid was found to be the most abundant, other phe-
nols found were coumaric acid and flavanoids. 

In corm extracts of H. hemerocallidea, Dzingirai et al. [31] obtained 0.268 
mg/100mg (2.68 µg/g) dry mass of TPC standardized in gallic acid using the Fo-
lin Ciocalteu method, an amount much lower than that obtained for the same 
species in our analysis. They extracted the TPC from corms purchased from the 
market and used gallic acid as a standard, we used corms that had been grown in 
the greenhouse for some time, stored at −80˚C immediately after harvesting and 
used chlorogenic acid as a standard. These factors, including the extraction me-
thod as well as the growing conditions of the plants before the corms were har-
vested, may have an influence on the presence and content of phenols in the 
geophytes. Drewes and Khan [18] reported that 7.3% of the compounds they ex-
tracted from fresh corms of H. hemerocallidea were phenolic, whilst in this 
study, from the same species, 20.4% TPC was obtained from the lyophilized 
corms. 

3.3. Hypoxoside Content 

The norlignandiglucoside, hypoxoside, was found to be present in the 
freeze-dried samples of all the Hypoxis corm extracts analyzed. Hypoxoside 
(C29H34O14) was analyzed using UPLC-DAD-MS(-) and identified by light spec-
trum(-) with two main peaks at 260 and 293 nm, respectively (Figure 5), the 
mass spectra, MS-ESI(-) with the main molecular ion, 605.1 g/mol, and frag-
ments 443.1 and 325.1 g/mol, respectively. These parameters combined indi-
cated the highest likelihood of the compound as being hypoxoside.  

Highly significant differences (p = 0.000) in relative hypoxoside content 
amongst the 7 Hypoxis species were observed (Figure 6). H. gerrardii, H. argentea  
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Figure 5. Light spectrum image of hypoxoside with two absorbance max at 260 and 293 
nm, respectively. 
 

 
Figure 6. Hypoxoside content from the corm extracts of seven Hypoxis species. Different 
letters in the bars indicate significant differences in hypoxoside content among the spe-
cies. 
 
and H. filiformis had the highest relative hypoxoside contents of 7.1%, 6.6% and 
6.6%, respectively (Figure 6). The second highest hypoxoside content (4.8%) was 
obtained from H. acuminata whilst H. hemerocallidea and H. iridifolia had sim-
ilar proportions of 3.9% and 3.3%, respectively. H. parvifolia had the least hypox-
oside content with a relative content of 1.5%. These results show a distinct differ-
ence in the amount of the compound found in each species. Whilst it was not 
possible to quantify the absolute hypoxoside content detected from the extracts 
due to the absence of a pure hypoxoside standard, the HPLC chromatograms 
gave a clear indication of its presence and proportion in the different species. 

Hypoxoside seems to be one of the most common phenolic compounds 
present in Hypoxis species found in southern Africa. The compound has been 
isolated from at least 14 species including most of those used in this study. Pre-
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vious studies have shown that it is present in the corms of: H. acuminata, H. 
hemerocallidea, H. latifolia, H. nitida, H. obtusa, H. rigidula [9], H. angustifolia 
[1], H. nyasica [32], H. stellipillis, H. sobolifera var. sobolifera Boukes et al. [28], 
H. iridifolia [29]. Concentration of this diglucoside in the corms is reported to 
be seasonal but it is not clear when the highest yield can be obtained [9]. The 
yield from the corms of H. hemerocallidea has been reported to vary between 3.5 
and 4.5% [9]. In chloroform extracts of H. hemerocallidea and H. stellipillis, 
Boukes et al. [28] found that the corms of H. hemerocallidea contained more 
hypoxoside (12.27 µg/5mg) than those of H. stellipillis (7.93 µg/5mg). They also 
found that in H. sobolifera var. sobolifera the hypoxoside content was negligible 
and could not be quantified. Lyophilized methanol extracts of H. hemerocallidea 
yielded the highest hypoxoside content (10.82%/100g) compared to sun-dried 
(1.29%), shade-dried (2.79%), or microwave-dried (5.85%) extraction methods 
[10]. This may indicate that the type of extraction method used has an effect on 
the amount of the compound obtained. 

Results from this study show that H. gerrardii, which also had the highest 
TPC amount, H. argentea and H. filiformis had higher hypoxoside contents than 
H. hemerocallidea; the species that has been extensively studied and whose corm 
extracts are widely used in the pharmaceutical industry. Vinesi [1] obtained a 
hypoxoside content of 5.37% from the rhizomes of H. obtusa, which was higher 
than that reported for H. hemerocallidea (3.5% - 4.5%). Whilst it may be true 
that other species have higher hypoxoside contents than H. hemerocallidea, it is 
unclear why this particular species has been used as the main source of the 
compound. Other aspects to be considered are the maturity of the corms at 
harvest, and the seasonal and geographical variations where the species grow. In 
this study the plants were collected from different agro-ecological regions and at 
different stages of maturity before the corms were planted in the greenhouse for 
a period ranging between 2 and 4 years, however for the analysis, the corms were 
harvested at the same time. As mentioned earlier, Drewes et al. [9], indicated 
that the concentration of hypoxoside in the corms is seasonal, and so far there 
are no reports indicating whether or not the season for achieving the highest 
yield has been established. Results from this study seem to disqualify the possi-
bility that the observed variation in hypoxoside content among the different spe-
cies were due to the variation in the period the plants were grown in the green-
house. For instance, H. acuminata, H. argentea and H. filiformis are the species 
that had been in the greenhouse for the longest period, of these H. argentea and 
H. filiformis had the highest content of the compound together with H. gerrar-
dii, which had been in the greenhouse for a relatively shorter period suggesting 
that the species do have different hypoxoside levels in the corms. The highest 
phenolic content was also obtained from H. gerrardii which had been grown in 
the greenhouse for two years. 

4. Conclusion 

Species of the genus Hypoxis may have similar secondary metabolites in varying 
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amounts as shown by the seven species analyzed in this study, as well as previous 
studies by other researchers. However, this does not imply that all members of 
this genus possess medicinal properties of similar importance. What we have 
been able to establish is that the corms of the seven species: H. acuminata, H. 
argentea, H. filiformis, H. gerrardii, H. hemerocallidea, H. iridifolia and H. par-
vifolia do contain certain types of phenolic compounds that are most likely the 
same but in varying amounts, including hypoxoside, a bioactive phytochemical 
that has immune regulatory properties and is used in the composition of medi-
cinal products in the pharmaceutical industry. In both total phenolic content 
and hypoxoside content, the amount of the compounds differed between the 
species; and in both instances, other species obtained higher amounts than H. 
hemerocallidea the species commonly used for making medicinal formulations. 
The variation obtained in both parameters cannot be attributed to the variation 
in the time of harvesting the corms as both high and low levels were obtained 
from species that had been grown in the greenhouse for a shorter or longer pe-
riod. This suggests that there are actual differences in TPC and hypoxoside con-
tents among the species. However, to rule out any doubt and the possibility of 
ontogenetic variation it is necessary that the plants are subjected to the same 
conditions including harvesting the corms at the same stage. Our study included 
species previously not analyzed for either total phenolic content or hypoxoside 
presence such as H. filiformis and H. gerrardii, thus providing novel information 
regarding the medicinal status and biochemical compounds of these Hypoxis 
species. 
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