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Abstract
Dioscorea bulbifera L. (Chinese: Huangdu, common name: Air potato) is a traditional herbal
medicine in China, and it is also one of the most widely consumed yam species, especially in West
Africa. Studies have verified that D. bulbifera is effective in treating a wide range of diseases, such
as pharyngitis, goitre, pyogenic skin infections, orchitis and cancer. However, more and more studies
have also reported liver and kidney damage caused by D. bulbifera. To promote understanding of the
bioactivity, toxicity and methods for detoxification of this medicinal and edible plant, the present
article reviews the most valuable recent reports on its phytochemistry and pharmacological effects.
The possible reasons for its toxicity include the toxic effects of diosbulbin B and D on hepatocytes,
the inhibition of antioxidant enzymes in liver mitochondria, and inhibition of enzymes that ordinarily
metabolize the herb’s components. Synergistic compatibility detoxification may help to reduce toxic
effects and improve therapeutic effects. More clinical trials are also required to fully achieve its
therapeutic potential.
Key words: Dioscorea bulbifera; pharmacological effects; toxicity; detoxification.
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1. Introduction
Dioscorea bulbifera L. was recorded for the first time in "Tang Bencao" (657–659 A.D.), which is
the earliest known pharmacopoeia in the world. In China, it has long been used under the herbal
names “Huangdu” and “Huangyaozi”. It is found in many regions of the world, including tropical
Africa, northern Australia, the Indian subcontinent, Florida of the United States, China, Cambodia,
Thailand, Malaysia, and Laos (Coursey 1967; Wilkin 2001). In China, D. bulbifera naturally occurs
in the greater part of the southern half of the country, namely, provinces of Henan, Anhui, Jiangsu,
Fujian, Guangdong, Guangxi, Shaanxi, Gansu, Sichuan, Guizhou, Yunnan, and Tibet (Editorial
Board of Chinese Materia Medica, 1999) .
D. bulbifera has been extensively used in traditional medicine. It has a faint odor and a bitter,
salty taste. According to traditional medical theory, it can clear pathogenic heat and detoxify poison,
dissolve phlegm, soften masses and cool blood to stop bleeding. It has long been used to treat
hemoptysis, epistaxis, pharyngitis, goiter, pyogenic skin infections, scrofula, trauma, orchitis and
cancer in traditional Chinese medicine (Ting et al., 1985).
Given its many clinical uses, D. bulbifera has attracted more and more attention in recent decades;
numerous studies have been carried out. However, no review has presented an organized summary of
the literature on D. bulbifera. Such a systematic review of D. bulbifera would be valuable for
promoting the development of medicinal plants into modern pharmaceuticals as well as for
improving its clinical uses. This paper attempts to fill that need by providing a comprehensive
summary of current knowledge with regard to the phytochemistry, pharmacology and toxicology of
D. bulbifera.

2. Phytochemistry
2.1. Steroids
According to published reports, 40 steroids have been isolated from this plant (Fig. 1). From the
tubers of D. bulbifera the following have been isolated: diosgenin (1) (Ghosh et al., 2014), βsitosterol (2) (Li et al., 1999a; Qiu et al., 2013), stigmasterol (3) (Li et al., 1999a), prosapogenin A of
dioscin (4) (Li et al., 1999a), taccaoside (5) (Li et al., 1999a), daucosterol (6) (Li et al., 1999a) and
5

β-srosasterol (7) (Qiu et al., 2013). Dioscoreanosides A–K (8-18) (Tapondjou et al., 2013),
spiroconazol A (19) (Teponno, et al., 2006a) pennogenin3-O-α-L-rhamnopyranosyl-(1→4)α-L-rhamnopyranosyl-(1→4)-[α-L-rhamnopyranosyl- (1→2)]-β-D-glucopyranoside (20) (Hirai et al.,
1986;

Huang

et

al.,

2007b),

26-O-ß-D-glucopyranosyl-(25R)-5-en-furost-3ß,17α,22α,26-tetraol-3-O-α-L-rhamnopyranosyl-(1→4
)-α-L-rhamnopyranosy-(1→4)-[α-L- rhamnopyranosyl-(1→2)]-β-D-glucopyranoside (21) (Huang et
al.,

2007b;

Nohara

et

al.,

23β,27-dihydroxy-pennogenin-3-O-α-L-

1982),

rhamnopyranosyl-(1→4)-α-L-rhamnopyranosyl-(1→4)-[a-L-rhamnopyranosyl-(1→2)]-β-D-glucopy
ranoside (22) (Chen et al., 1995), floribundasaponin B (23) (Mahato et al., 1981) have also been
isolated from the plant. From rhizomes of D. bulbifera the following have been isolated:
diosbulbisins A-D (24-27) (Liu et al., 2009), diosbulbisides A–C (28-30) (Liu et al., 2009),
diosbulbisides D (31) and E (32) (Liu et al., 2011a), pennogenin (33) (Agrawal et al., 1985),
pennogenin-3-O-α-L-rhamnopyranosyl-(1→3)-[α-L- rhamnopyranosyl-(1→2)]-β-D-glucopyranoside
(34) (Teponno et al., 2006a), pennogenin-3-O-α-L-rhamnopyranosyl-(1→4)-[α-L-rhamnopyranosyl(1→2)]-β-D-glucopyranoside

(35)

(Agrawal

et

al.,

1985;

Nakano

et

al.,

1989),

pennogenin-3-O-[α-L-rhamnopyranosyl- (1→4)-β-D-glucopyranoside] (36) (Mahato et al. 1981),
diosgenin-3-O-[α-L- rhamnopyranosyl-(1→4)-β-D-glucopyranoside] (37) (Agrawal et al., 1985),
diosgenin-3- O-[α-L-rhamnopyranosyl-(1→2)-β-D-glucopyranoside] (38) (Agrawal et al., 1985),
diosgenin-3-O-[α-L-rhamnopyranosyl-(1→2)-[α-L-rhamnopyranosyl-(1→3)]-β-D- glucopyranoside]
(39) (Han et al., 1999) and diosgenin-3-O-[α-L-rhamnopyranosyl-(1→2)-[α-L-rhamnopyranosyl(1→4)]-β-D-glucopyranoside] (40) (Agrawal et al., 1985).
Insert Figure 1 here.

2.2. Terpenoids
Terpenoids have also been isolated from this plant (Fig. 2). The diterpenoid dilactones found in D.
bulbifera include 8-epidiosbulbin E acetate (41) (Murray et al., 1984), eight furano-norditerpenes
which are named diosbulbin A-H (42-49) (Komori, 1997), and neodiosbulbin (50) (Fu et al., 2002).
Among these, diosbulbin B is the major component, according to quantitative studies carried out
with ultra-performance liquid chromatography (UPLC) (Table 1). Further studies on determination
6

of diosbulbin B in D. bulbifera from different origins in China and different storage years have been
done (Table 1). Research in China has focused primarily on diosbulbin B (Fu et al., 2002; Qiu et al.,
2013) and diosbulbin D (Tan et al., 2003a). Diosbulbin I (51) and J (52) have been isolated from the
root tubers of this plant (Wang et al., 2009a). Three norclerodane diterpenoids, diosbulbins K-M
(53-55) have been isolated from rhizomes of D. bulbifera (Liu et al., 2010a). Disobulbin N (56), O
(57) and P (58) have been isolated from the tubers of this plant (Tang et al., 2014a). Five clerodane
diterpenoids (Fig. 3), namely, bafoudiosbulbins A (59), B (60), C (61), F (62) and G (63) have been
isolated from the bulbils of D. bulbifera (Kuete et al., 2012; Teponno et al., 2006a). The clerodane
diterpenoid, bafoudiosbulbin H (64), has been isolated from the flowers of D. bulbifera (Teponno et
al., 2013). According to the Indian medicinal plants: An illustrated dictionary (Khare, 2007), the
rhizomes of D. bulbifera also afforded carotenoids (Fig. 4) including lutein (65), zeaxanthin (66),
neoxanthin (67), auroxanthin (68), violaxanthin (69) and cryptoxanthin (70).
Insert Figures 2, 3, 4 here.
Insert Table 1 here.

2.3. Flavonoids
Flavonoids (Fig. 5) are the major active constituent components of D. bulbifera. The most active
constituents of tubers of D. bulbifera have been reported as flavonoids, which account for 39.6%
(Subasini et al., 2013). More than 20 flavonoids have been found, namely, 3,5-dimethoxykaempferol
(71) (Gao et al., 2007; Gao et al., 2001a), 3,5,3’-trimethoxyquercetin (72) (Gao et al., 2007), caryatin
(73) (Gao et al., 2007; Gao et al., 2001a), (+)-catechin (74) (Gao et al., 2002, 2007; Huang et al.,
2007a; Liu et al., 2011b), myricetin (75) (Gao et al., 2007; Gao et al., 2001b),
myricetin-3-O-β-D-galactopyranoside (76) (Gao et al., 2007; Gao et al., 2002; Gao et al., 2001b),
myricetin-3-O-β-D-glucopyranoside (77) (Gao et al., 2007; Gao et al., 2002; Gao et al., 2001b),
hyperoside (78) (Gao et al., 2007; Gao et al., 2001b), kaempferol (79) (Huang et al., 2007a; Gao et
al., 2007), kaempferol-3-O-β-D-galactopyranoside (80) (Gao et al., 2003; Huang et al., 2007a),
kaempferol-3-O-β-D-glucopyranoside (81) (Huang et al., 2007a; Gao et al., 2007), (+)-epicatechin
(82) (Gao et al.2003; Gao et al.2007), kaempferol-3,5-dimethyl ether (83) (Gao et al., 2002),
isorhamnetin (84) (Liu et al., 2011b), quercetin (85) (Liu et al., 2011b), 3,5,3’-trimethoxyquercetin
(86) (Gao et al., 2003; Liu et al., 2011b), isoquercitrin (87) (Chaniad et al., 2016; Liu et al., 2011b),
7

(-)-epicatechin (88) (Liu et al., 2011b), 3,7-dimethoxy-5,4’-dihydroxyflavone (89) (Li et al., 2000b),
3,7-dimethoxy-5,3’,4’-trihydroxyflavone (90) (Li et al., 2000b) and 5,7,3’,4’-tetrahydroxy
flavan-3-ol (91) (Gao et al., 2001a).
Insert Figure 5 here.

2.4. Phenols and organic acidic compounds
More than 20 phenolic compounds (Fig. 6) have been isolated from D. bulbifera, including
palmitic acid (92) (Gao et al., 2007), succinic acid (93) (Gao et al., 2007), shikimic acid (94) (Gao et
al., 2007), protocatechuic acid (95) (Gao et al., 2007), vanillic acid (96) (Gao et al., 2007), isovanillic
acid (97) (Gao et al., 2007), dimethyl batatasin IV (98) (Adesanya et al., 1989), C22 ω-hydroxy fatty
acid (99) (Liu et al., 2011b), 3-hydroxy-5-methoxybenzoic acid (100) (Liu et al., 2011b), batatasin
III (101) (Liu et al., 2011b), 1,6-dihydroxy-2,5,7-trimethoxyphenanthrene (102) (Liu et al., 2011b),
2,4,6,7-tetrahydroxy-9,10-dihydrophenanthrene

(103)

(Liu

et

al.,

2011b),

2,5,2’,5’-tetrahydroxy-3’-methoxybibenzyl (104) (Liu et al., 2011b), thunalbene (105) (Liu et al.,
2011b), 2,4-dimethoxyphenanthrene-3,7-diol (106) (Liu et al., 2011b), flavanthrinin (107) (Liu et al.,
2011b), 2,7-dihydroxy-3,4,6- trimethoxyphenanthrene (108) (Liu et al., 2011b), diobulbinone A (109)
(Liu et al., 2011b), 4-hydroxy-[2-trans-3’,7’-dimethyl-octa-2’,6’-dienyl]-6-methoxy acetophenone
(110) (Gupta and Singh, 1989), 4,6-dihydroxy-2-O-(4’-hydroxybutyl) acetophenone (111) (Gupta
and Singh, 1989), 2,7-dihydroxy-4-methoxyphenanthrene (112) (Kuete et al., 2012), allantoin (113)
(Chaniad

et

al.,

2016),

2,4,3’,5’-tetrahydroxybibenzyl

(114)

(Chaniad

et

al.,

2016),

5,7,4’-trihydroxy-2- styrylchromone (115) (Chaniad et al., 2016), stearic acid (116) (Tan et al.,
2003a) and emodin (117) (Li et al., 2000b).

Insert Figure 6 here.
2.5. Alkaloid
According to the Chinese Materia Medica, there is only one alkaloid in D. bulbifera, which is
dihydrodioscorine (118) found by Adetoun Adeleye and Dr. T. Ikotun (Adeleye et al., 1989).
Insert Figure 7 here.
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2.6. Glycoside derivatives
D. bulbifera contains sorbitol (119) (Khare, 2007) and small molecules glycoside derivatives (Fig.
7). Scholars also isolated other compounds from the tubers of D. bulbifera including
methyl-O-α-D-fructofuranoside (120) (Gao et al., 2003), butyl-O-α-D- fructofuranoside (121) (Gao
et al., 2003), ethyl-O-β-D-fructopyranoside (122) (Gao et al., 2003), butyl-O-β-D-fructopyranoside
(123) (Gao et al., 2003), 3-phenyl-2-propenyl-O-β-D-glucopyranoside (124) (Gao et al., 2003),
2-(4-methoxyphenyl)-ethyl-O-β-D-glucopyranoside

(125)

(Gao

et

al.,

2003),

phenyl-methyl-O-β-D-glucopyranoside (126) (Gao et al., 2003). Diosbulbinosides D (127) (Ida et al.,
1978), F (128) (Ida et al., 1978) and G (129) (Liu et al., 2010a) that can be identified as
furano-norditerpenes or glycosides.
Insert Figure 8 here.
Insert Tables 2, 3, 4 here.

3. Pharmacological effects
3.1 Anti-tumor activities
D. bulbifera is mainly used for the treatment of various types of thyroid diseases and a variety of
cancers (Tables 2 and 3).
The screening tests and comparative studies on clinical therapeutic effects of different polar
solvent extracts of D. bulbifera showed that the extraction of components from organic solvents of
little polarity significantly inhibited the growth of tumor and prolonged the survival of tumor-bearing
mice. In addition, the inhibition was also significant in human liver cancer, colon cancer and other
tumor cells (Li et al., 1999b).
To investigate the anti-tumor activity in extracts using different solvents, the tubers of D.
bulbifera were extracted sequentially by petroleum ether, ethanol and water, and screened by HepA
tumor cell lines of mice in vivo. The results showed that the petroleum ether extract had the strongest
inhibitory effects on the formation of ascites of the tumor; the ethanol extract had a mild inhibitory
effect, while the water extract actually promoted the growth of the tumor to a certain extent. Those
compounds extracted by petroleum ether appeared to be the most active in inhibiting tumor cell
growth and must be the basis of D. bulbifera’s clinical antitumor effects. (Yu et al., 2004).
9

In vitro experiments came to conclusions that D. bulbifera decoction could inhibit cell growth in
the human squamous cell carcinoma cell line SiHa, in the human cervical cancer cells Hela, and in
the human hepatoma cells HepG2, in a dosage and time-dependent manner. Among these three
types, the sensitivity of the extract to SiHa cells was the highest, while the sensitivity to HepG2 cells
was poor (Zhao, 2009).
Another in vitro experiment investigated the anti-tumor effects of D. bulbifera using soft agar
colony assay anti-tumor-promoting activity. D. bulbifera was applied to mouse epidermal JB6 cell
lines induced by 12-O-tetradecanoylphorbol-13-acetate (TPA). The results showed that both 75%
ethanol extracts of the rhizomes of D. bulbifera and some monomer compounds isolated from D.
bulbifera significantly inhibited tumor-promoting activities (Gao et al., 2007); these inhibitory
compounds included diosbulbin B (43), caryatin (73), catechin (74), 3,5-dimethoxykaempferol (71),
myricetin (75), myricetin-3-O-β-D-galactopyranoside (76), myricetin-3-O-β-D-glucopyranoside (77),
hyperoside (78), methyl-O-α
-D-fructofuranoside (120) and butyl-O-α
-D-fructofuranoside (121). Among
the flavonoids, kaempferol-3,5-dimethyl ether (83) (IC50 = 0.64 μg/ml) exhibited the strongest
inhibitory effect (Gao et al., 2002). Komori found that diosbulbins A (42) and B (43) had remarkable
growth inhibition effect on solid sarcoma 180 tumor cells (Komori, 1997).
When tested against the proliferation of Bel-7402 human hepatocellular carcinoma cells,
pennogenin-3-O-α-L-rhamnopyranosyl-(1→3)-[α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside
(34)

and

pennogenin-3-O-α-L-rhamnopyranosyl-(1→4)-[α-L-rhamnopyranosyl-(1→2)]-

β-D-glucopyranoside (35), D. bulbifera extract showed significant cytotoxic activity with 99.1% and
92.6% inhibition, respectively. The compounds were then tested for cell growth inhibition activity
toward SMMC7721 human hepatocellular carcinoma cells, and they exhibited IC50 values of 4.54
μM and 4.85 μM, respectively (Liu et al., 2009).
In cytotoxicity studies of ECV304 urinary bladder carcinoma cells, compounds spiroconazol A
(19)

and

pennogenin-3-O-α-L-rhamnopyranosyl-(1→4)-α-L-rhamnopyranosyl-

(1→4)-[α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside (20) showed moderate cytotoxicity with
IC50 values of 8.5 μg/ml (8.3 μM) and 5.8 μg/ml (6.6 μM), respectively. The mechanism of their
activity

is

membrane

toxicity

via

lactic

dehydrogenase

(LDH)

liberation.

26-O-ß-D-Glucopyranosyl-(25R)-5-en-furost-3ß,17α,22α,26-tetraol-3-O-α-L-rhamnopyranosyl-(1→
10

4)-α
-L-rhamnopyranosyl-(1→4)-[α
-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside

(21)

showed

moderate activity as well, with an IC50 value of 14.3 μg/ml. But its inhibition was by a direct
influence on the mitochondrial metabolism without liberation of LDH (Tapondjou et al., 2013).
Cyclophosphamide (CTX) is a commonly used anti-cancer drug even though it can cause
immunosuppression and tissue oxidative stress at high doses. In the study of D. bulbifera
polysaccharides, Cui et al. (2016) found that using a combination of D. bulbifera polysaccharides
and CTX could potentially enhance the anti-tumor effect of CTX and attenuate CTX-induced
immunosuppression as well as oxidative stress in U14 cervical tumor-bearing mice.
8-epidiosbulbin E acetate (41), a norditerpene compound, failed to show any cytotoxicity against
a variety of human cancer cells, namely, SiHa, human breast cancer cells MCF-7 and human
epidermal carcinoma cells A431 (Shriram et al., 2008). The compounds diosbulbins N (56), O (57)
and P (58) did not show remarkable cytotoxic activities against five human cancer cell lines, namely,
human leukaemia cell line HL-60, human hepatic carcinoma cell line SMMC-7721, human lung
cancer cell line A-549, MCF-7 and human colon adenocarcinoma cell line SW-480, by MTT method
(IC50 > 40 μM) (Tang et al., 2014a).

3.2. Anti-inflammatory activities
In vivo studies of aqueous and methanol extracts from the dry bulbils of D. bulbifera have been
carried out that, rats were administrated orally with the extracts to reduce inflammation induced by
carrageenan, histamine, serotonin and formalin. The results showed significant dose-dependent
anti-inflammatory activity of the extracts. Similarly, in the evaluation of the two extracts’ effects on
pain induced by acetic acid, formalin and pressure, both the aqueous and methanol extracts showed
analgesic effects (Mbiantcha et al., 2011).
In another experiment, the methanol extract of D. bulbifera was evaluated for anti-inflammatory
and analgesic effects in mechanical hypernociception induced by intraplantar injection of complete
Freund’s adjuvant (CFA), lipopolysaccharides (LPS) or prostaglandin-E2 (PGE2), as well as in
partial ligation sciatic nerve (PLSN). The results showed significant antinociceptive effects in pain
induced by CFA and on neuropathic pain induced by PLSN. In further studies using a PGE2 model,
results showed the mechanism of antinociceptive activities of D. bulbifera in both inflammatory and
11

neuropathic pain may be the activation of the NO-cGMP-ATP-sensitive potassium channels pathway
(Nguelefack et al., 2010).
Tan et al. (2003a) proved that diosbulbin B (43) from D. bulbifera had inhibitory effects on both
acute and subacute inflammation. Besides, when the dose of diosbulbin B was equal to a quarter of
an equivalent dose of aspirin, subacute inflammation could still be significantly inhibited, which was
the same as the clinical therapeutic effect of D. bulbifera on subacute inflammation.
Another study showed that the methanol extract of D. bulbifera could inhibit the nitric
oxide production and iNOS mRNA expression of LPS-induced macrophages in vitro, which may be
one of the mechanisms of its anti-inflammatory action (Liu et al., 2008).

3.3. Anti-bacterial activities
D. bulbifera has a strong and broad spectrum of anti-bacterial effects (Tables 2 and 4). In vitro
antibacterial experiments showed that, the decoction of D. bulbifera (1:3 ratio of D. bulbifera to
water) had different degrees of inhibitory effects on a variety of skin fungi, such as Trichophyton
violaceum, T. concentricum and T. schoenleinii (Cao et al., 1957).
In an antibacterial test in vitro, Hu et al. (2007) found that the decoction and organic solvent
extract of D. bulbifera showed a fair antibacterial activity on inhibition of Staphyloccus aureus,
Escherichia coli and Candida albicans by tube method. They also showed that the antibacterial
effect of an organic solvent extract was superior to that of (water) decoction. In another experiment
using disc-diffusion method of antimicrobial assay, the aqueous extract of D. bulbifera showed
superior anti-bacterial activity on E. coli while the anti-bacterial effect of an ethanol extract of D.
bulbifera was potent against S. aureus and C. albicans (Okigbo et al., 2009).
Hu et al. (2005) used disc method to study the antibacterial effect of different extracts of D.
bulbifera in vitro. They found that acetone extract, ethyl acetate extract, 95% ethanol extract and
methanol extract of D. bulbifera each showed a fair antibacterial activity on inhibition of bacteria
isolated from animals and poultries (Table 4). The acetone extract showed the most significant
anti-bacterial effect when compared to other extracts.
Teponno et al. (2006b) compared various extracts of D. bulbifera and discovered that the
CH2Cl2 extract of the herb exerted remarkable inhibition against Pseudomonas aeruginosa,
Salmonella typhi,
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Salmonella paratyphi A, and Salmonella paratyphi B. In comparison, the crude aqueous methanolic
extract showed evidently weak activity against the four bacteria strains, and the n-butanol extract
showed no activity at all. All the three extracts did not inhibit E. coli, Klebsiella pneumoniae, and S.
aureus. The research team then fractioned and purified the CH2Cl2 extract and yielded two clerodane
diterpenoids, bafoudiosbulbins A (59) and B (60). The two compounds were classified as
bactericidal since their ratios of minimum bactericidal concentration (MBC) to minimum inhibitory
concentration (MIC) were both no more than 4. They further concluded that the CH2Cl2 extract and
the two clerodanes possessed anti-salmonellal activity, and that D. bulbifera could be effective in
treating typhoid fevers.
Bafoudiosbulbins B (60), C (61), F (62) and G (63), as well as crude methanol extracts of D.
bulbifera were found to prevent the growth of fifteen kinds of microorganisms, including
mycobacteria and Gram-negative bacteria. The selective inhibition effects were observed against E.
coli AG100A, Mycobacterium tuberculosis ATCC, MTCS2 strains and M. smegmatis. The antibacterial activities against multi-drug resistant (MDR) bacteria such as E. aerogenes EA289, CM64,
K. pneumoniae KP63 and P. aeruginosa PA124 were better than that against chloramphenicol
(Kuete et al., 2012).
In another study, 8-epidiosbulbin E acetate (41) showed broad-spectrum plasmid-curing activity
against MDR bacteria, including vancomycin-resistant enterococci (VRE). It cured antibiotic
resistance plasmids from clinical isolates, including Enterococcus faecalis, E. coli, Shigella sonnei, P.
aeruginosa and Bacillus subtilis with 12–48% curing efficiency (Shriram et al., 2008).
In addition, vanillic acid (96) and isovanillic acid (97) showed anti-bacterial activities as well
(Tang et al., 2006). It has been proved that the isolated dihydrodioscorine (118) from D. bulbifera at
0.1% concentration could inhibit the growth of fungi which could cause diseases in several types of
plants (Adeley et al., 1989).

3.4. Anti-viral activities
The alcohol extract of D. bulbifera could kill DNA virus and inhibit the transcription of RNA
virus in direct or indirect inhibitory experiments when the concentration of extract is 0.017–0.034
mg/ml. In the anti-viral experiments of different parts of the ethanol extracts of D. bulbifera (butanol
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fraction, ethyl acetate fraction, acetone and ether fraction), Xu et al. (1988) found that the inhibition
effect of butanol and ethyl acetate fraction on Coxsackie B I–VI virus was better than that of the
other two fractions. But their effects on herpes simplex virus I were nearly the same. After killing the
virus, the cells still could continue to divide and be subcultured which was indicating that the drug is
non-toxic and effective. But the decoction of D. bulbifera had no inhibitory effect on various types of
viruses.

3.5. Anti-diabetic activities
To evaluate the antihyperglycemic activity of the aqueous extract of D. bulbifera tubers, the
temporarily hyperglycemic condition was established by priming Wistar rats with 1.5 g/kg p.o.
glucose and rendering them diabetic by injection of 45 mg/kg streptozotocin (STZ). In the glucose
primed model, the results showed significant anti-hyperglycemic effect with decrease of blood
glucose level from 129 ± 8.81mg/dL (30 min) to 97 ± 5.83 mg/dL (90 min) when the rats were given
1000 mg/kg of aqueous extract. Six weeks of treatment with aqueous extract resulted in remarkable
glycemic control with 500 mg (day 0: 298 ± 14.03 mg/dL to day 42: 161 ± 17.67 mg/dL) and 1000
mg (day 0: 299 ± 19.76 mg/dL to day 42: 127 ± 5.89 mg/dL) doses in STZ treated rats. The
mechanism by which the aqueous extract achieved lasting glycemic control could be that it makes
tissues more sensitive to insulin (Ahmed et al., 2009).
In further study of mechanisms, Ghosh et al. (2012) sequentially tested the inhibitory effects of
petroleum ether, ethyl acetate methanol and 70% ethanol extracts of D. bulbifera. The results showed
that ethyl acetate extract of the bulbs of D. bulbifera was the most powerful among them, inhibiting
α-amylase by 73.39% and α-glucosidase by 99.6%. Another report showed that the crude extract of
D. bulbifera inhibited α-amylase by 13.2 ± 2% and trypsin by 4.3 ± 0.2% (Bhandari and Kawabata,
2004).

3.6. Anti-oxidative activities
In a study of phenolic content and antioxidant capacities, D. bulbifera showed the strongest
antioxidant capacity with 708.73 ± 3.7 Trolox/g in ABTS•+ radical scavenging activity, 856.92 ± 3.99
μmol Fe2+/g in Ferric Reducing Antioxidant Power (FRAP) assay and phenolic content with 59.43 ±
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1.03 mg GAE/g (GAE: gallic acid equivalents) when compared with other 55 selected
Chinese medicinal plants (Song et al., 2010).
The antioxidant properties of 2,5,2’,5’-tetrahydroxy-3’-methoxybibenzyl (104) and diobulbinone
A (109) were evaluated by FRAP assay and by assessing the scavenging capacity of the 2,2diphenyl-1-picrylhydrazyl (DPPH) radical. Trolox-equivalent antioxidant capacity of 2,5,2’,5’tetrahydroxy- 3’-methoxybibenzyl at a concentration of 1 mM was found to be 0.52 ± 0.01 mM by
FRAP, and the EC50 value of reducing the DPPH radical was 2.57 ± 0.06 mM. However,
diobulbinone A did not exhibit considerable antioxidant capacity at the same concentration in tests
using both methods (Liu et al., 2011b).
In another study, phenolic contents were found to be the most abundant in methanol extracts of
D. bulbifera (145.44 μg/ml) with the highest scavenging activity against DPPH radical with 84.94%
and hydroxyl radical with 76.11%. In the pulse radiolysis generated hydroxyl radical scavenging
activity test, the ethyl acetate extract of D. bulbifera bulbs showed maximal activity with a second
order rate constants of 4.46×106. In pulse radiolysis generated ABTS•+ radical scavenging activity,
ethyl acetate extract showed enhanced activity with a second order constants of 2.33×106 (Ghosh et
al., 2013).

3.7. Analgesic activities
Experiments showed that the aqueous and methanol extracts from the dry bulbils of D. bulbifera
had potent analgesic activity against pain induced by acetic acid, formalin and pressure. They also
showed potent anti-inflammatory effects against inflammation induced by carrageenan, histamine,
serotonin and formalin in mice and rats. This may be related to the inhibition of inflammatory
mediators such as histamine, serotonin and prostaglandins (Mbiantcha et al., 2011).

3.8. Effects on immune systems
The experiment done by Zhang et al. (2009) studied the effects of different concentrations of D.
bulbifera decoction on immune function of mice. The mice in three dose groups were orally
administered for 15 days with totally 1000, 490, 240 g•kg-1 body weight of D. bulbifera respectively.
Results showed that D. bulbifera in the high dose group could significantly suppress the
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phagocytosis activity of mononuclear macrophages. However, the medium dose group markedly
enhanced the activities of natural killer cells, the antibody quantity of B cells and the quantity and
proliferation of spleen T lymphocytes. This experiment indicated that high doses of D. bulbifera
could suppress the immune function in mice, while medium doses could improve the immune
function.

3.9. Effects on cardiovascular system and smooth muscle
With isolated frog heart, a 20% decoction of D. bulbifera or a certain concentration of alcohol
extracts leads to decreased contractions, reduced heart rate, dilated ventricle and atrium. When D.
bulbifera extract was administered by subcutaneous injection or intravenous injection, the frog heart
contractions became weak and heart rate slowed. This suggests that D. bulbifera has a direct
inhibitory effect on myocardium (Zhang et al., 2008).
Myricetin (75), epicatechin (82), isovanilic acid (97) and vanillic acid (96) were shown to be
important bioactive components in D. bulbifera that protect against cardiovascular diseases (Tang et
al., 2006).
In another study, tubers of D. bulbifera were extracted using a Soxhlet-extractor in 70% ethanol.
Administration of D. bulbifera extract to rats (150 mg/kg of body weight, 30 days) resulted in
significantly improved ventricular performance in terms of aortic flow, left ventricular developed
pressure (LVDP) and the first derivative of developed pressure (LVmax dp/dt) of D. bulbifera treated
during post-ischemic reperfusion. D. bulbifera also significantly reduced the size of myocardial
infarction by 20 ± 2.64% as compared to the control group. The decreased number of apoptotic
cardiomyocytes by 16.89 ± 1.7% revealed that D. bulbifera had anti-apoptotic activity. The
modulation of pro- and anti-apoptotic proteins by D. bulbifera was also examined. The upregulation
of procaspase 3 and downregulation of cleaved caspase 3 coupled with prevention of loss of phase II
enzyme HO-1 suggested that D. bulbifera extract ameliorates rat myocardial ischemia and
reperfusion injury with an associated reduction in apoptotic cell death (Vasanthi et al., 2010).
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3.10. Effects on thyroid glands
Through the experiments on Wistar rats, Wu et al. (2008) found that during D. bulbifera
decoction treatment for 28 days, there was no significant therapeutic effect on the thyroid function
and morphology of goiter caused by iodine deficiency. This result pointed out that administration of
the single herb of D. bulbifera had no therapeutic effect on iodine-deficiency goiter.
However, administered together with food and 2%–5% of D. bulbifera had therapeutic effect on
rat thyroid swelling induced by iodine deficiency. But there was no effect on the goiter that was
caused by 2-thiauracil. It is speculated that the anti-thyroid swelling effect of D. bulbifera may be the
result of components of iodine in different binding forms which are easier to be absorbed than iodine
(Xu and Ding, 1998).
Through clinical trials, Li Guojin (2003) found that D. bulbifera had achieved good effect in the
treatment of subacute thyroiditis. Zhao et al. (2012) proved that D. bulbifera could significantly
decrease the expression of SW579 Survivin mRNA and protein in human thyroid cancer cells and
also induce apoptosis of cancer cells.
In another study, thyroxine (T4) concentration and triiodothyronine (T3)-uptake level decreased
in Sprague-Dawley (SD) rats treated with sodium levothyroxine (160 μg/kg, 5 days) and extract of D.
bulbifera (0.75 or 1.5 g/kg). The results suggested that D. bulbifera decreased excess thyroid
hormone and increased metabolism, resulting in improvement of the hyperthyroid state (Nam et al.,
2006).
Thus further study of the effect D. bulbifera has on thyroid function is necessary. In particular,
length of treatment and levels of dosage need to be explored.

4. Toxicity
The curative effect of D. bulbifera on various diseases has been widely reported. But its toxicity
is also common. Clinically, hepatotoxicity is the most typical form of toxicity of the herb and is
mainly manifested as nausea, vomiting, liver dysfunction or jaundice. The results of one study of the
acute, subacute and chronic toxicity of D. bulbifera showed that for mice the intraperitoneal LD50
was 25.49 g/kg and the oral LD50 was 79.98 g/kg. The toxicity was mainly manifested as damage to
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liver and kidney (Tables 5 and 6). The degree of damage was related to the dose and time of drug
administration (Song et al., 1983). Another study showed that autoclaving could efficiently eliminate
the toxic components. After 45 minutes of autoclaving, the hydrogen cyanide in D. bulbifera was
reduced by 93% (from 1.12 to 0.008 mg/100g) and total free phenolics were reduced by 75% (from
1.40 to 0.35 mg/100g). The content of tannins, total oxalate, amylase inhibitor and trypsin inhibitor
were all decreased to different extents (Shanthakumari et al., 2008).
4.1. Hepatotoxicity
The mechanism of hepatotoxicity is relevant to its inhibition of antioxidant enzymes in liver
mitochondria and the activity of drug metabolic enzymes (Li et al., 2005; Wang et al., 2010), such
as glutathione transferase (GST), glutathione peroxidase (GSH-PX), superoxide dismutase
(SOD), glucose-6-phosphate (G-6-P) and succinodehydrogenase (SDH) (Li et al., 2005; Su et
al., 2003). Genetic studies found that the expression of the bad gene was increased in hepatocytes
that promoted the apoptosis of mitochondria. At the same time, the herbal extract also activated
the apoptosis pathway of endoplasmic reticulum. Under combined action of the apoptosis in
mitochondria and endoplasmic reticulum, a large amount of hepatocytes died (Tang et al., 2010).
4.1.1. Studies on extracts of D. bulbifera
In an experiment done by Tan et al. (2003b), the methanol extract of D. bulbifera and its
chloroform fraction had significant influence on appearance, behavior, appetite, liver tissue
morphology and liver indexes of SD rats. The chloroform fraction of the methanol extract was
proved to be the toxic part.
In another study, the 75% ethanol extract of D. bulbifera was extracted by chloroform, ethyl
acetate and butanol sequentially. Then these extracts were administrated to SD male rats. In
observations of the pathological changes of liver in rats and in comparisons of hepatotoxicity
induced by different extraction parts, the damage caused by the chloroform extract was the most
obvious. The pathological changes were mainly manifested as liver cell damage and inflammatory
cell infiltration. The ethyl acetate layer also caused liver damage (Fan et al., 2009). The above results
were confirmed by serum enzyme test (Wang et al., 2009c). The research results of Wang et al.
(2010) showed that the ethyl acetate fraction of ethanol extracts contained the main toxic ingredients
of D. bulbifera rhizome.
18

The reason why chloroform and ethyl acetate fraction showed the greatest toxicity may be that
these extracts contained low polarity furan-diterpenoid. This component has good liposolubility and
is easy to penetrate the cell membrane, leading to over expression of free radicals produced by
mitochondrial respiratory chain, thus causing cell damage and toxicity (Wang et al., 2009b).
However, Jiang et al. (2009) found that both the total ethanol extract of D. bulbifera and its
water fractions caused significant damage to mice liver tissue structure and liver function. Fraction
III had the most significant alleviative effects on liver function as revealed by changes of
biochemical indexes, liver weight, liver index, appearance, behavior and diet. The major components
of fraction III are flavonoids and saponins.
According to the experiment done by Yang et al. (Yang et al., 2009), the maximum tolerated
dose (MTD) of the mice is 240.24 g·kg-1 and the influences on liver include direct damage to liver
cells and liver structure.
In order to find the factors in D. bulbifera inducing hepatotoxicity (Table 7), Liu et al. (2004) did
some experiments and found that the degree of D. bulbifera toxicity was related to dosage and time of
administration. The results also showed that in a certain range of dose, toxicity was reversible. In
analyzing 56 cases of poisoning induced by D. bulbifera, Zhiyong Liu (1996) had found that women
accounted for 76% of the poisoning cases, and concluded that its toxicity was gender-related.
However, in the experiment done by Shumin Liu et al. (2004), the increase of glutamic-pyruvic
transaminase (GPT), aspartate aminotransferase (AST) and liver indexes showed no significant
difference between the two genders. This result was contradictory to that previous one in 1996.
Shumin Liu explained that females accounting for majority in clinical cases was because that D.
bulbifera was applied more in thyroid diseases, and that thyroid diseases affect females more than
males. But in some later experiments done by Wang et al. (2011a) administering an ethanol extract,
the activities of alanine aminotransferase (ALT), AST, and catalase (CAT) and the amounts of liver
glutathione were conspicuously suppressed in female mice as compared with males. So he also
concluded that oxidative stress injury in liver induced by D. bulbifera was gender-related. Different
results may be related to different experimental conditions, such as different experimental individuals
and limited sample size.
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To find the potential cytokine biomarkers for liver injury induced by D. bulbifera,
cytokine-antibody arrays were carried out; results demonstrated that eleven cytokines were
differentially altered after treatment with D. bulbifera. Enzyme-linked immunosorbent assay (ELISA)
further confirmed that CD30 ligand (CD30L) and interlukin-3 (IL-3) levels were up-regulated and
down-regulated respectively in mice treated with ethyl acetate extracts of D. bulbifera. Therefore, the
level of CD30L and IL-3 may be potential biomarkers for hepatotoxicity induced by D. bulbifera
(Sheng et al., 2014).

4.1.2. Studies on compounds in D. bulbifera
In the research of Ma et al. (2011), diosbulbin D (45) showed toxic effect on hepatocytes and
caused a significant increase in intracellular release levels of LDH and some liver enzymes, such as
alanine aminotransferase and aspartate aminotransferase. The increase of reactive oxygen species
(ROS) was related to the decrease in GSH level. The most well-known antioxidant in eukaryotic
cells, N-acetyl-L-cysteine (NAC), was used. It indicated that NAC prevent the increase of ROS
fluorescence and the cell growth inhibition of human normal liver cells L-02 induced by diosbulbin
D. Thus, the mechanism might be associated with oxidative stress.
In another research study done by Ma et al. (2012), disobulbin D (45) was isolated by bio-guided
fractionation from the rhizome of D. bulbifera. Disobulbin D was used in vitro with L-02 cells and
evaluated for its toxicity in terms of cell viability, morphologic changes, induction of apoptosis, and
caspase 3 activity. The results showed that the viability of L-02 cells was inhibited by disobulbin D
in a certain concentration and in a time-dependent manner. Disobulbin D could cause an increase in
caspase 3 activity. Pretreatment with caspase 3 inhibitor (Ac-DEVD-CHO) blocked cell death and
attenuated apoptosis, showing that disobulbin D-induced L-02 cell apoptosis was caspase 3dependent. These results suggest that the effects of disobulbin D on the growth of normal human
liver L-02 cells may be due to its induction of cell apoptosis, which may also explain the toxicity
observed in the plants containing furano clerodane diterpenoids.
In another study, Wang et al. (2011a) compared the liver injury induced by diosbulbin B (43)
isolated from D. bulbifera with that induced by ethyl acetate fraction on the basis of chemical
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analysis for the amounts of diosbulbin B in ethyl acetate fraction of D. bulbifera. They found that
diosbulbin B could be the main hepatotoxic chemical compound in D. bulbifera.
Another study further confirmed the hepatotoxic effects induced by D. bulbifera using molecular
function analysis of the changed metabolites including elevated levels of taurine, creatine, betaine,
dimethylglycine (DMG), acetate and glycine, and decreased levels of succinate, 2-oxoglutarate,
citrate, hippurate and urea. In addition, the study provided evidence that nuclear magnetic resonance
spectroscopy (1H NMR)-based metabonomics analysis of urine samples might be useful for
predicting hepatotoxicity induced by D. bulbifera (Liu et al., 2010c).

4.2. Nephrotoxicity
According to pathological experiments, kidney damage from D. bulbifera takes longer to
become apparent. The renal lesions mainly are cloudy swelling of renal tubular epithelial cells,
luminal stenosis, and protein casts in renal tubes (Song et al., 1983). Under electron microscopy, Su
et al. (2003) observed that D. bulbifera induced swelling of mice renal tubular epithelial cells and
mitochondria crista, suspended organelles in the swollen cytoplasm, irregular proximal tubule brush
borders, necrosis of partial renal tubular epithelial cells, disruption of the cell membrane and
scattered organelles in the renal tubular lumen. Glomerular structural change was not obvious.
During lengthy renal excretion, D. bulbifera stimulated renal tissue repeatedly, resulting in renal
tubular damage.
The mechanisms mainly are direct cytotoxicity on glomerular and tubular cells, and acute
tubular injury caused by severe parenchymal liver injury (Yang et al., 2009). In another study of antinutrition content of D. bulbifera and its effects, rats were fed with 20% and 40% combinations of
boiled or roasted varieties for 28 days. The presence of significant amounts of saponins,
hydrocyanide, phenols and tannins was detected in both boiled and roasted preparations of D.
bulbifera; however, no necrosis or histopathological alterations were found in liver, kidney and lung
histology. Therefore, researchers concluded that D. bulbifera contained tolerable amounts of antinutrition factors and was safe for both human and animal consumption (Princewill-Ogbonna et al.,
2015).
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4.3. Toxicity on gastrointestinal system
In pathological studies, normal mice were given 19.9 g/kg, 8 g/kg, 2.7 g/kg of 200% decoction
of D. bulbifera in three experimental groups. Among the three groups, a high degree of
gastrointestinal flatulence and congestion of the gastrointestinal vascular system could be seen in the
dead mice. Pylorus ulcers in the stomach were also visible. Under a light microscope, superficial
necrosis of gastric mucosa was observed (Su et al., 2003). These results indicated that D. bulbifera
also affects the function of the gastrointestinal system.

4.4. Toxicity on thyroid glands
Long-term feeding mice with D. bulbifera can lead to increased thyroid masses with larger
follicular diameters, thick colloid filling in their cavities and flattened follicles in mice and rats.
These toxic reaction could be seen in diffuse colloid goiter, which is very similar to the symptoms of
goiter induced by iodine poisoning (Zhu 1989).
Insert Table 5, 6, 7 here.

5. Study on synergistic compatibility detoxification
5.1. Combination with Angelica sinensis
Modern research shows that A. sinensis can promote synthesis of liver glycogen, protein and
DNA. It also can protect normal liver cells, and supports the prevention and cure of experimental
liver injury. A. sinensis polysaccharides have a down-regulating effect on CYP2E1 mRNA
expression induced by ethanol in liver cells (Wang et al., 2003). And alcohol deposition of A.
sinensis can inhibit the activity of CYP2E1 and CYP1A2 in cytochrome P450 (Wang et al. 2001).
The effective content index of D. bulbifera processed with A. sinensis was significantly higher than
that of raw D. bulbifera or D. bulbifera boiled separately (Chen et al., 2010).
These characteristics allow D. bulbifera combined with A. sinensis to achieve the purpose of
synergistic detoxification. Scholars have conducted more in-depth studies.
One study found that after administration of a combination of D. bulbifera and A. sinensis, the
damage of D. bulbifera to liver cells was significantly reduced and the damage to the kidney was
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also alleviated (Ding and Tang, 1992). The serum combining D. bulbifera and A. sinensis could
significantly improve the survival rate of normal liver cells and inhibited the activity of LDH, AST
and GPT (Wang et al., 2005). In addition, D. bulbifera could induce the expression of cytochrome
P450 CYP1A2 and CYP2E1 mRNA, causing liver poisoning. But after combination with A. sinensis,
liver poisoning could be avoided due to the inhibition of expression of mRNA (Liu et al., 2006). In
another study, D. bulbifera rhizome increased the expression of grp78 and bad genes in rat livers,
which may be the mechanism of liver damage induced by D. bulbifera rhizome. Antagonistic actions
of A. sinensis root on the expression of up-regulated grp78 and bad genes in rat livers induced by D.
bulbifera rhizome is one of the possible mechanisms of alleviation of D. bulbifera rhizome-induced
liver damage (Tang et al., 2010). The above results showed that A. sinensis have certain protective
effect on liver injury induced by D. bulbifera.
Liu et al. (2010b) did several experiments and found out that the combination of D. bulbifera
with A. sinensis had a protective effect on liver parenchymal cells. The mechanism was considered as
reducing the permeability of the liver cell membrane. It could alleviate mitochondrial hyperplasia,
which was the compensatory response after the injury of mitochondria. It also could relieve the
damage of rough endoplasmic reticulum which was a secondary reaction caused by injury of
mitochondria and insufficient energy generation. Besides, it reduced the factors that stimulate the
proliferation and transformation of fat-storing cells to fibroblasts after liver injury. Combination with
A. sinensis avoided collagen fiber production as well. Finally, it protected the liver from
ultrastructure damage normally induced by D. bulbifera alone, and it prevented the occurrence of
liver fibrosis after discontinuation of the drug.
Another study showed that the combination with A. sinensis can enhance D. bulbifera’s antitumor effect. A. sinensis can improve D. bulbifera’s ability to inhibit the proliferation of sarcoma
cells (S180) and liver cancer cells (H22). At the same time, it can reduce the expression of
glycoprotein (P-gp) (Suo et al., 2008).

5.2. Combination with Schisandra chinensis
S. chinensis can improve the activity of SOD and CAT in the cytoplasm of liver cells. It has
a significant protective effect on hepatic cell membrane, and it inhibits lipid peroxidative
damage
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induced by two different free radical production systems (Liu et al., 1980). It can also decrease the
formation of hepatocyte malonaldehyde and the release of LDH and GPT (Gao et al., 1996). Thus S.
chinensis can increase liver cell survival rate and protect cell membranes. It can also enhance the
anti-oxidative effects. A variety of ingredients in S. chinensis can induce activity of hepatic
microsomal cytochrome P450 of mice and rats and enhance detoxification function of the liver.
To explore an effective way to alleviate the liver and kidney damage induced by D. bulbifera,
the combination of S. chinensis and D. bulbifera has been used in experiments and studied in terms
of its biochemistry and pathology. Results showed that different doses of the combination of S.
chinensis and D. bulbifera clearly alleviated the elevated ALT level caused by D. bulbifera alone.
This suggested that S. chinensis relieved the liver damage caused by D. bulbifera (Yang et al., 2008).

5.3. Combination with Scutellaria barbata
D. bulbifera is widely used for the treatment of cancer and thyroid disorders in Asia (Gao et al.,
2002; Murray et al., 1984). S. barbata is usually used combined with D. bulbifera for clinical cancer
therapies.
Scutellarin is one of the major active compounds of a medicinal herb Scutellaria barbata.
Scutellarin is also the chemical marker used by the Chinese Pharmacopoeia for evaluating the quality
of S. barbata (Committee of Chinese Pharmacopoeia, 2015). Previous studies showed that scutellarin
had obvious anti-cancer effects in vivo and in vitro (Chan et al., 2009; Li et al., 2013). Meanwhile,
various studies have demonstrated that scutellarin protects liver cells from oxidative damage and
inflammatory injury (Chen et al., 2013; Guo et al., 2013; Liu et al., 2003; Tan et al., 2010; Wang et
al., 2011b). In addition, scutellarin has been reported to attenuate concanavalinA-, selenium-, and
brain ischemia/reperfusion−induced liver injury (Eltayeb et al., 2004; Tan et al., 2007; Yang et al.,
2003).
Results of experiments done by Niu et al. (2015) demonstrated that scutellarin prevented
diosbulbin B (43)-induced liver injury by attenuating NF-κB-mediated hepatic inflammation and
ameliorating liver oxidative stress injury. Meanwhile, diosbulbin B combined with scutellarin
presents significant anti-tumor activity in vivo. This study indicated the potential combination of
diosbulbin B with scutellarin for the clinical treatment of cancer.
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5.4. Combination with Glycyrrhiza uralensis
Modern research has shown that the main detoxification components of G. uralensis are
glycyrrhizin and flavonoids. The glycyrrhetinic acid and glucuronic acid produced after hydrolysis of
glycyrrhizin play an important role in detoxification effect of G. uralensis. Glycyrrhetinic acid can
combine with toxic ingredients, and make them less toxic or even nontoxic. Also, glucuronic acid
has the function of liver protection, detoxification, and the processing of toxic substances by enzyme
inducer (Wang and Su, 2002). Glycyrrhizin has the effect similar to adrenal cortical hormone. It can
improve the body’s tolerance of toxic substances and increase the content of cytochrome N50 in
mice. It can repair hepatocytes and can decrease the level of AST and ALT secreted by hepatocytes
(He, 2007). Flavonoids in G. uralensis have good anti-free radical effects. They can improve the
activity of SOD and GSH-Px, enhance the ability of body to scavenge free radicals, inhibit the
peroxidation of lipids, and reduce oxidative damage caused by drugs (Wang, 2005).
In order to study the impacts of the combination of D. bulbifera with G. uralensis, Hua et al.
(2011) did an experiment on mice with hepatic damage induced by D. bulbifera. The results showed
that the combination with G. uralensis at different ratios slowed the increase of hepatic indexes, ALT
and AST levels in experimental mice. They concluded that G. uralensis could obviously alleviate
hepatic damage induced by D. bulbifera and the ratio of 1:2 (D. bulbifera: G. uralensis) achieves
optimum efficacy. The protection mechanisms of G. uralensis may be the inhibition of mRNA
expression of CYP1A2, CYP2E1 (Hua et al., 2014a; Hua et al., 2014b) and CYP3A1 (Zhao et al.,
2011). In another experiment, Fan et al. (2014) investigated the pathological changes of rats’ renal
function induced by D. bulbifera and found that these changes in rats treated with a combination of
D. bulbifera and G. uralensis were less than in rats treated with D. bulbifera alone. Thus G. uralensis
can reduce the renal toxicity induced by D. bulbifera.

6. Conclusion
This review has reviewed and summarized results of studies on the phytochemistry,
pharmacology, toxicity and synergistic compatibility detoxification of D. bulbifera. More than 100
compounds have been found in this plant. Numerous pharmacological studies have showed that the
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therapeutic potentials of D. bulbifera are extensive and valuable. However, its toxic effects on liver
and kidney demand our attention because they limit its clinical therapeutic potential. The
mechanisms may involve inhibition of antioxidant enzymes in liver mitochondria and the inhibition
of enzymes that ordinarily metabolize the herb’s components, such as GST, GSH-PX, SOD, G-6-P
and SDH. The toxic compounds found are mainly diosbulbins B (43) and D (45). Synergistic
compatibility detoxification, that is, combining D. bulbifera with other herbal medicines, has been
shown to improve therapeutic effects and reduce toxic effects.
Although increasing interest has prompted more studies on D. bulbifera, both phytochemical and
pharmacological, there is still a long way to go before we can fully understand the mechanisms of it
and safely use it on a wide scale to treat diseases in clinical practice. Thus, more comprehensive and
in-depth studies are needed. These studies fall into five categories.
Firstly, according to the literature, D. bulbifera grows in many different areas. Because active
component content differs with variation in cultivation and geography, cultivation needs to be
standardized so as to produce more chemically standard herbal material.
Secondly, chemical constituents and definite curative effects of the herb remain to be
investigated. Viral diseases become more and more prevalent and difficult to control; the tolerance
and resistance to various anti-bacterial drugs appears more and more frequently; the incidence of and
mortality from bacterial infections is rising; and fungal infection has increased by a large margin as
well. In such a context, D. bulbifera is undoubtedly one of the most valuable varieties of Chinese
herbal medicines. The anti-cancer effects of D. bulbifera are also very reliable. If we strengthen the
study on its valuable pharmacological effects, it is reasonable to expect it to become an anticancer
drug of high efficiency and low toxicity.
Thirdly, more specific toxic studies are necessary. The toxicity of D. bulbifera mainly targets the
liver and kidney in mice and rats; further, the toxicity targets are mainly hepatic cells and renal
tubular epithelial cells. The major toxicity mechanism of D. bulbifera includes direct hepatic cell
damage leading to inhibition of the activity of metabolic enzymes. Thus it causes metabolic disorder
and direct renal tubular damage leading to kidney malfunction. While the pathway seems clear, the
exact toxic ingredient of D. bulbifera has not yet been clearly identified. The existing studies have
only proved the toxicity of diosbulbins B and D. Furthermore, there are no clear and standard
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definitions of the therapeutic dose and the toxic dose, which greatly limits achieving the most
beneficial therapeutic effect of D. bulbifera. Thus, more specific toxicity studies are needed to
provide safety profiles and clinical practice standards.
Fourthly, advances in detoxification methods of D. bulbifera could fully achieve its therapeutic
potential. Currently, there are two possible approaches to detoxifying D. bulbifera: preparation, and
combination with other herbs. D. bulbifera garners worldwide attention not only as a drug, but also
as a food. In some areas in Thailand and other countries (Maneenoon et al., 2008; Webster et al.,
1984), local people know how to eat this particular species safely. This suggests that there are ways
to cook or prepare it to eliminate the toxicity. But whether these methods influence or inhibit other
medicinally active components still needs to be studied. As for the second approach, some studies
find that when D. bulbifera is combined with other traditional Chinese medicines, synergistic
compatibility detoxification occurs. Rational application of this principle could not only reduce
toxicity but also, potentially, increase the therapeutic effect. Both of these approaches offer a
direction for detoxification of D. bulbifera. Therefore, more studies of culinary preparation are
needed, as well as more studies on the combination model, including dosage ratios. Results from this
work will make better use of D. bulbifera in clinical practice in the future.
Lastly, clinical trials are still scarce and further evidence-based clinical trials are required to
investigate the efficacy of D. bulbifera.
Plants of the Dioscorea genus with significant edible or medicinal values have long been the
research focus of both the food and pharmaceutical industries. In addition to D. bulbifera, D.
nipponica, D. panthaica and D. zingiberensis have also been investigated by our team since 2008,
and systematic studies have been conducted, including morphological identification (Tang et al.,
2008; Tang et al., 2014b), chemical investigation (Tang et al., 2013; Yi et al., 2014), cardioprotection
(Tang et al., 2015a) and metabolism study (Tang et al. 2015b). We found that species of Dioscorea
have a wide spectrum of biological activities due to the chemical diversity, and are therefore worthy
of further study.
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Table 1 HPLC methods used to quantify diosbulbin B in D. bulbifera
Column

Mobile phase

Symmetry C18

Methanol-water-

(3.9 mm×150

phosphoric acid

mm, 5 μm)

(60:40:0.08)

Lichrospher C18
(4.6 mm×250
mm, 5 μm)

Flow rate
(ml∙min )
-1

Wave
length
(nm)

Place of

Part of D.

Content

production

bulbifera

(mg·g-1)

Reference

Wu et al.

0.8

215

Zhejiang

Tubers

3.20

1

215

Not reported

Not reported

2.80

Zhejiang

Rhizomes

1.24

Guangxi

Rhizomes

2.72

Shen &

Sichuan

Rhizomes

2.27

Dong

Hebei

Rhizomes

2.93

(2015)

Jiangsu

Rhizomes

2.60

(2011)

Acetonitrile-0.15
% phosphoric
acid solution

Guo et al.
(2015)

(35:65)

Romasil C18

Acetonitrile-water

(4.6 mm×250

-glacial acetic

mm, 5 μm)

acid (34:66:0.1)

1

210

Stored for
2 years
Tubers
Gemini C18

Methanol-0.1%

(4.6 mm×250

phosphoric acid

mm, 5 μm)

water (35:65)

1

210

Anhui

Stored for
4 years
Stored for
6 years

Stems stored for 2
years
Leaves stored for 2
years
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5.21
5.05
4.92
0.04
0.80

Gao et al.
(2015)

Table 2 Summarized pharmacological activities of D. bulbifera
Extract

Bioactivity

Target

Experimental

Result

Dose

Reference

IC50 = 5.3 μg/ml

Gao et al. (2002)

Li et al. (2000a)

method/protocol
Ethanol

Anti-tumor

extract

Soft agar colony

JB6 mouse epidermal

Inhibition of TPA-induced anchorage;

induction by TPA in JB6

carcinogenesis induced by

Decreased colony induction by 6.7% and

mouse epidermal cell

phorbol ester

40.3% in Cl 22 and Cl 41, respectively

Incubation with H22 cells

Inhibition of tumor growth and prolonged

0.1 g/kg; i.p.; 25 d

survival

(qd alt)

Cylinder plate method

Inhibition of bacterial growth

-

Hu et al. (2005)

Incubation with HepA

Inhibition of cell growth by 49.1%

80 mg/kg; i.p.;14 d

Yu et al. (2004)

lines (Cl22 and Cl 41)
Mice
Anti-bacterial

Common pathogenic
bacteria of livestock and
poultry

Petroleum

Anti-tumor

ICR mice

ether extract
Aqueous

tumor cells
Anti-tumor

Mice

(qd alt)

Incubation with H22 cells

Inhibition of tumor growth and prolonged

0.1 g/kg; i.p.; 25 d

survival

(qd alt)

Cylinder plate method

Inhibition of bacterial growth

-

Hu et al. (2005)

Acetic acid induced

Inhibition of 47.02% and 56.38%,

300 and 600 mg/kg;

Mbiantcha et al.

writhing test

respectively

p.o.

(2011)

Formalin test

Inhibition of 73.06%

600 mg/kg; p.o,

Mbiantcha et al.

extract
Anti-bacterial

Common pathogenic

Li et al. (2000a)

bacteria of livestock and
poultry
Antinociceptive

Mice (Mus musculus)
Mice (Mus musculus)

(2011)
Wistar rats

Analgesic meter test

Reduced sensitivity to pressure, raising the

300 and 600 mg/kg;

Mbiantcha et al.

threshold of reaction by 29.04% and

p.o.

(2011)

600 mg/kg; p.o.

Mbiantcha et al.

42.79%
Anti-inflammatory

Wistar rats

Carrageenan-induced paw
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Inhibition by 60.63%

edema
Wistar rats

Wistar rats

(2011)

Histamine- and

Inhibition by 42.37% in histamine-induced

serotonin-induced paw

edema and by 42.04% in serotonin-

edema

induced edema

Formalin-induced paw

Inhibition by 45.02%

600 mg/kg; p.o.

(2011)
600 mg/kg; p.o.

edema
Wistar rats

Mbiantcha et al.

Mbiantcha et al.
(2011)

Formalin-induced paw

Inhibition of the formaldehyde arthritis

300 and 600 mg/kg;

Mbiantcha et al.

edema

(chronic inflammation) by 43.48% and

p.o.; 10 d

(2011)

Inhibition of tumor growth and prolonged

0.1 g/kg; i.p.; 25 d

Li et al. (2000a)

survival

(qd alt)

Cylinder plate method

Inhibition of bacterial growth

-

Hu et al. (2005)

Cylinder plate method

Inhibition of bacterial growth

-

Hu et al. (2005)

Cylinder plate method

Inhibition of bacterial growth

-

Hu et al. (2005)

Carrageenan-induced paw

Inhibition of 80%

600 mg/kg; p.o.

Mbiantcha et al.

50.43%
Ether extract
Acetone

Anti-tumor
Anti-bacterial

extract

Mice
Common pathogenic

Inoculation with H22 cells

bacteria of livestock and
poultry

Ethyl acetate

Anti-bacterial

Common pathogenic
bacteria of livestock and

extract

poultry
Methanol

Anti-bacterial

Common pathogenic
bacteria of livestock and

extract

poultry
Anti-inflammatory

Wistar rats

edema
Wistar rats

(2011)

Histamine- and serotonin-

Inhibition of 34.39% in histamine-induced

induced paw edema

edema, of 46.92% in serotonin-induced

600 mg/kg; p.o.

Mbiantcha et al.
(2011)

edema
Wistar rats

Formalin-induced paw

Inhibition by 32.06%

edema

600 mg/kg; p.o.

Mbiantcha et al.
(2011)
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Wistar rats

Formalin-induced paw

Inhibition of the formaldehyde arthritis

300 and 600 mg/kg;

Mbiantcha et al.

edema

(chronic inflammation) by 36.43% and

p.o.; 10 d

(2011)

300 and 600 mg/kg;

Mbiantcha et al.

p.o.

(2011)

600 mg/kg; p.o.

Mbiantcha et al.

40.84%
Antinociceptive

Mice (Mus musculus)

Acetic acid-induced

Inhibition of 51.89% and 62.70%

writhing test
Mice (Mus musculus)

Formalin test

Inhibition of 84.54%

(2011)
Mice (Mus musculus)

Analgesic meter test

Inhibition of 47.70%

600 mg/kg; p.o.

Mbiantcha et al.
(2011)
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Table 3 Anti-cancer activities of D. bulbifera (Li et al., 2000a; Li et al., 1999b)
Tumor inhibition rate in extracts using various solvents (%)
Type of cancer cells

Screening
method

Petroleum
ether extract

Ether extract

Ethanol

Water

extract

extract

Hepatic cancer

SRB

78.4

89.4

74.1

22.4

Colon cancer

SRB

30.1

67.1

4.3

1.8

Erythroleukemia

MTT

16.3

47.9

-39.3

41.7

Leukaemia

MTT

17.4

36.3

12.2

20.1

Gastric cancer

MTT

11.3

44.7

12.9

20.1

Nasopharyngeal cancer

MTT

5.1

20.1

-14.1

-19.1

MTT

8.6

11.0

16.3

37.3

MTT

3.2

5.4

21.4

6.2

Pulmonary giant cell
cancer
Bladder cancer
SRB: sulforhodamine B assay

MTT: 3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay
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Table 4 Anti-bacterial activities of D. bulbifera
Extracts and diameter of the antibacterial circle (mm)
Bacteria

Ethyl
acetate

Streptococcus
uberis
Streptococcus
agalactine
Streptococcus
dyagalactine
Streptococcus
pneumoniiae
Erysipelothrix
rhusiopathiae
Salmonella
gallinarum
Salmonella
typhi
Salmonella
paratyphi A
Salmonella
paratyphi B
Staphylococcu
s aureus
Staphylococcu
s citreus
Staphylococcu
s albus
S. aureus
chicken
S. aureus cattle
Escherichia
coli chicken
E. coli
Bacillus
proteus
Pseudomona.
aeruginosa
Bacillus
subtilis
Aerobacter

Acetone

95%
Ethanol

Reference
Methanol

CH2Cl2

Water

16.89

19.10

15.45

15.75

-

13.25

Hu et al. (2005)

16.80

18.20

15.40

15.25

-

11.10

Hu et al. (2005)

16.55

17.35

16.37

15.75

-

11.75

Hu et al. (2005)

22.20

21.25

20.85

21.10

-

14.05

Hu et al. (2005)

17.15

14.30

15.10

11.50

-

-

Hu et al. (2005)

14.25

12.40

11.35

15.10

-

-

Hu et al. (2005)

-

-

-

-

7.00

-

Teponno et al. (2006b)

-

-

-

-

7.00

-

Teponno et al. (2006b)

-

-

-

-

12.00

-

Teponno et al. (2006b)

13.40

22.10

15.80

15.40

-

14.70

16.60

17.40

16.40

15.80

-

13.50

Hu et al. (2007)

16.90

16.20

15.50

15.10

-

13.40

Hu et al. (2007)

13.35

22.10

15.80

15.35

-

14.25

Hu et al. (2005)

16.90

16.20

15.45

15.10

-

12.15

Hu et al. (2005)

13.15

15.30

14.25

11.35

-

-

Hu et al. (2005)

13.10

15.30

14.30

11.40

14.60

13.20

16.40

14.70

-

-

10.50

10.90

14.20

11.40

9.00

-

11.40

10.60

13.40

10.90

-

-

Hu et al. (2007)

12.40

13.40

15.70

12.40

-

-

Hu et al. (2007)
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13.00

Hu et al. (2007);
Teponno et al. (2006b)

Hu et al. (2007);
Teponno et al. (2006b)
Hu et al. (2007)
Hu et al. (2007);
Teponno et al. (2006b)

aerogenus
Klebsiella
pneumonia

14.30

16.25

15.10

15.15
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-

-

Hu et al. (2005);
Teponno et al. (2006b)

Table 5 Summarized hepatotoxicity of D. bulbifera
Constituent/

Experimental targets;

component

doses

Decoction

Results

ICR mice; i.g. 1/4 LD50
-1

(19.9g·kg ), 1/10LD50

Mechanisms

References
Su et al. (2003)

1)

Serum ALT ↑; activity of SDH and G-6-P ↓;

Damage to the mitochondrial and endoplasmic reticulum

2)

Fatty changes and glycogen ↑ in liver cells; focal

membrane directly leading to decreased activity of SDH

necrosis.

and G-6-P and affecting metabolism.

GPT, AST, ATP and total bilirubin (TBIL) levels

Inhibition of the activity of drug metabolic enzymes and

↑; the GST, GSH and SOD activity↓ in mice;

anti-oxidation enzymes in liver mitochondria.

-1

(8g·kg ), 1/30 LD50 (2.7
-1

g·kg ), 30 d
Mice; i.g. 2, 10, 50 g·kg-1,

1)

21 d
2)

Time-dose related;

3)

Pathologicaly changes in liver including

Li et al. (2005)

looseness, tumidness, nucleus dissolution, fused
cells, cytoclasis, infiltration in hepatic portal area,
small bile duct edema and hyperplasia.
1)

ALT and liver indexes ↑;

Direct damage to liver cells and liver structure caused by

-1

2)

Time-dose related;

damage to metabolic pathways of liver cells.

-1

3)

Histological changes of liver cell, such as

Mice; i.g. 1/4 MTD (60
g·kg ), 1/8 MTD(30
g·kg ), 60 d

Yang et al. (2009)

swelling, necrosis and infiltration of inflammatory
cells.
-1

Ethanol extract-

SD rats; i.g. 0.1217 g·kg ,

Hepatic plate lost, cell line not clear, cell nucleus

The

chloroform

7d

contracted, cytoplasmic staining uneven; infiltration of

furan-diterpenoid compounds, which can be extracted by

inflammatory cell.

the organic solvents such as ethyl acetate, chloroform.

fraction
SD rats; i.g. 1.19 g·kg-1, 7

1)

d
2)

toxic

components

are

mainly

weak

polar

Serum ALT and AST ↑ significantly; CAT and

The toxic components have strong fat solubility. They can

SOD ↓;

easily enter the cell through the cell membrane and lead to

Liver cells damage;

excessive free radicals production in the mitochondrial

Toxic ingredients→ oxidative stress ↑ →liver cell
damage→liver metabolic capacity↓→ toxic
45

respiratory chain causing cell damage, resulting in toxicity.

Fan et al. (2009)

Wang et al. (2009c)

components ↑.
Oxidative stress was the main.
Ethanol extract

-1

Mice; i.g. 2 g·kg , 42 d

1)

The toxic components are mainly flavonoids and saponins.

Jiang et al. (2009)

ALT, AST and lipid peroxide (LPO) ↑ remarkably; the

The ethyl acetate fraction contains the main toxic

Wang et al. (2010)

glutathione amounts, and the activities of the

ingredients of D. bulbifera rhizome, and the mechanism of

antioxidant-related and glutathione-related enzymes

hepatotoxicity induced by it may be due to liver oxidative

including SOD, GSH-PX, GST, glutathione reductase

stress injury.

water fraction

GPT, AST, alkaline phosphatase (ALP), total
cholesterol↑;

2)

Liver cells arranged in disorder, swelling, color
became pale.

Ethanol
extract-ethyl

ICR mice; i.g.80, 160, 320,
-1

480 mg·kg , 14 d

acetate fraction

(GR) and glutamate-cysteine ligase (GCL) of hepatic
tissues all ↓
Methanol extract-

SD rats; i.g. 0.5 g·kg , 10

1)

GPT and liver indexes ↑;

The toxic components are mainly weak polar

chloroform

d

2)

Dorsal hair loose, lack luster; listlessness; loss of

furan-diterpenoid compounds.

-1

fraction

Tan et al. (2003b)

appetite;
3)

Liver cells in disorder, intercellular space
increased, and the liver cells pale, showing
vacuole degeneration.

Acetone extract

Wistar rats; i.g.

1)

6/12/24 g·kg-1, 8 d and
15 d

ALT and albumin (ALB) no significant

Acetone extract is non-toxic.

Hu et al. (2009)

Intracellular enzymes (ALT, AST and LDH)

Diosbulbin-D diterpene lactone showed hepatotoxic

Ma et al. (2011)

release, ROS ↑, and GSH level ↓;

activity on hepatocytes, and the mechanism may be

The increase in ROS and the cell growth

associated with oxidative stress.

differences;
2)

The heart, liver, spleen, lung and kidney had no
obvious pathological changes.

Diosbulbin D

MTT assay

1)
2)

inhibition induced by diosbulbin-D were
significantly inhibited through pretreatment with
46

NAC in L-02 cells.
Normal human liver cell

1)

Caspase 3 activity ↑;

Apoptosis in L-02 cells can be induced by disobulbin D.

line L-02 cells with

2)

Pretreatment with Ac-DEVD-CHO blocked cell

Caspase 3 activation may be involved in the apoptosis

death and attenuated the apoptosis

induced by disobulbin D.

diosbulbin D in vitro
Diosbulbin B

ICR mice; i.g.75,150,300
-1

mg·kg

When the dose of diosbulbin B was more than 150

Diosbulbin B is the main hepatotoxic chemical compound

mg/kg, ALT and AST activities elevated in a

in this plant.

dose-dependent manner.

47

Ma et al. (2012)

Wang et al. (2011a)

Table 6 Summarized renal toxicity of D. bulbifera
Constituent/
component
Powder

Experiment targets; doses
Dogs; 2 g·kg-1, 3months

Results

Mechanisms

References
Song et al. (1983)

1)

Non-protein nitrogen (NPN) ↑

D. bulbifera can cause damage to kidney but the

2)

Renal vascular dilatation and congestion, renal

manifestation needs a long time to appear.

tubular epithelial cell swelling, and lumen
constriction.
Decoction

ICR mice; i.g. 1/4 LD50
-1

(19.9 g·kg ), 1/10LD50
-1

(8 g·kg ), 1/30 LD50 (2.7
-1

g·kg ), 30 d

1)

Serum blood urea nitrogen (BUN) ↑

During long time of renal excretion process, D.

2)

Renal tubular epithelial cell degeneration, visible

bulbifera repeats stimulating renal tissue, resulting

protein in partial lumen. The mitochondrial crest

in renal tubular damage, affecting the discharge of

disappeared, organelles suspended in the swollen

metabolic waste.

Su et al. (2003)

cytoplasm, and the proximal tubule brush-like border
was irregular.
Mice; i.g. 1/4 MTD (60
-1

g·kg ), 1/8 MTD (30

Glomeruli appear bruised and enlarged; mesangial cells ↑;

Direct cell toxicity to glomerulus and renal

individual glomerular walls swollen.

tubules; acute renal tubular injury caused by

-1

g·kg ), 60 d

serious substantive liver injury.
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Yang et al. (2009)

Table 7 Factors influencing hepatotoxicity induced by D. bulbifera
Constituent/
component
Decoction

Experimental targets; doses
Mice; i.g. 10 g·kg-1, 21 d
-1

Mice; i.g. 2,10,50 g·kg , 21 d

Results

Mechanisms

References

Liver indexes, GPT and AST ↑ in both genders

Not gender-related hepatotoxicity

Liu et al. (2004)

The higher the dose, the greater the increase in GPT, AST, ALP and TBIL

Time-dose dependent

Liu et al. (2004)

GPT, ALP and TBIL levels reach max at the seventh hour，but slowly

Differences in the pathological changes

Liu et al. (2004)

decrease with longer time of administration.

of hepatotoxicity in different time

AST levels ↑with the time of administration

periods.

ALT, AST, CAT activities and liver glutathione amounts of the female

Oxidative stress injury induced by

mice were conspicuously lower than those in male after given ethanol

D.bulbifera is gender-related.

levels
-1

Mice; i.g. 10 g·kg , 21 d

Ethyl acetate
extract

-1

ICR mice; i.g. 640 mg·kg

extract
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Wang et al. (2011a)
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Fig. 1 Steroids in D. bulbifera.
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Fig. 2 Diterpenoid dilactone in D. bulbifera.
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Fig. 3 Clerodane diterpenoids in D. bulbifera.
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Fig. 4 Carotenoids isolated in D. bulbifera.
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Fig. 5 Flavonoids in D. bulbifera.
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Fig. 6 Phenols and organic acids in D. bulbifera.
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Fig. 7 Alkaloids in D.bulbifera.
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Fig. 8 Glycoside derivatives in D. bulbifera.
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