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Diosgenin, a Steroidal Sapogenin, Enhances Antigen-
Specific 1gG,, and Interferon-yExpression in

Ovalbumin-Sensitized BALB|c Mice

Abstract

The effect of diosgenin, the most abundant sapogenin in Chinese
yam, on humoral immunity was investigated. Ovalbumin (OVA)-
sensitized and challenged BALB/c mice were administered daily
with diosgenin for 34 days. The production of OVA-specific se-
rum IgG,, was significantly enhanced by diosgenin treatment,
whereas total IgE and OVA-specific IgG;, IgG,, and IgM were un-
affected. In parallel with the enhancement of IgG,,, OVA-induced
[FN-ysecretion and mRNA expression were markedly elevated in
splenocytes of diosgenin-treated mice, whereas IL-4 expression
was unaltered. Furthermore, the expression of T-bet, but not of
GATA-3, in splenocytes was up-regulated by diosgenin adminis-
tration. However, diosgenin treatment did not modulate IL-4
mRNA expression and inflammatory cell infiltration in the lung
of OVA-sensitized and challenged mice. Collectively, these data
suggest that diosgenin regulates the systemic immune response
towards the Th1 direction in response to OVA sensitization. The
present study provides evidence to show that intake of diosgenin
modulates certain aspects of acquired immunity, including the
enhancement of antigen-specific 1gG,, and IFN-y expression,
which may be mediated through the up-regulation of Th1 differ-
entiation.
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Introduction

Chinese yam (shan yao; Dioscorea alata L.) has been used in sev-
eral Asian countries for centuries. Chinese medical literature in-
dicates that Chinese yam is a superior herb with many activities.
Chinese yam has been utilized as a tonic herb and is generally be-
lieved to be able to enhance immune functions. Recently, Chi-
nese yam has gained popularity as a food supplement, so-called
“functional food”, in Taiwan. Although the use of Chinese yam
has a long history, only limited evidence substantiates its phar-
macological activities. Chinese yam has been shown to possess
some biological activity, including hypoglycemic, hypocholester-
olemic, antiosteoporetic, antifungal and anti-inflammatory [1],
[2], [3], [4]. The major phytochemicals contained in Chinese
yam are choline, allantoin, starch, mucopolysaccharides, pro-
teins, amino acids, vitamins, diosgenin, and diosgenin-derived
saponins, such as dioscin [5], [6], [7].

Most of the yam ingredients are common nutrients that are unli-
kely to mediate specific pharmacological effects. Recent studies
indicate that diosgenin may be responsible for some of the ef-
fects induced by Chinese yam. Diosgenin was shown to induce
apoptosis in some tumor cells [8], [9]. Diosgenin attenuated in-
domethacin-induced intestinal inflammation in rats [10], and re-
duced the bone loss in ovariectomized mice [11]. Dietary dios-
genin increases biliary cholesterol output. In addition, yam mu-
copolysaccharides enhanced the production of tumor necrosis
factor (TNF)-o and reactive oxygen intermediates by macropha-
ges in vitro [12], activated the phagocytic activity of macropha-
ges and the increased IFN-y secretion by splenocytes [5]. An ex-
tract of Dioscorea rhizoma inhibited the production of interleu-
kin (IL)-1B and TNF-o by human synovial cells [13]. Theses re-
sults demonstrated that yam ingredients affected the functional
activities and cytokine expression by immune cells in vitro. How-
ever, the in vivo effect of yam ingredients on the immune system
remains unknown.

As Chinese yam is a commonly used medicinal plant, a more
comprehensive understanding of its immunopharmacology is of
great interest as it relates to the therapeutic and dietary applica-
tions. Accordingly, the present study aimed to investigate the ef-
fect of diosgenin on acquired immunity in vivo. We demonstrat-
ed here that diosgenin administration enhanced systemic im-
mune response towards the T helper (Th)1 cell-mediated direc-
tion in ovalbumin-sensitized mice, whereas the Th2 immune re-
sponse and the local allergic airway reactions were unaltered.

Materials and Methods

Reagents and animals

All reagents were purchased from Sigma Chemical (St. Louis, MO,
USA) unless otherwise stated. Reagents used for ELISA and flow
cytometry were purchased from BD PharMingen (San Diego, CA,
USA). Reagents for RT-PCR were purchased from Promega (Madi-
son, WI, USA). Male BALB/c mice (5 weeks old) were obtained
from the Animal Breeding Center of the National Taiwan Univer-
sity Hospital (Taipei, Taiwan). On arrival, mice were transferred
to plastic cages containing a saw-dust bedding and quarantined
for 2 weeks. Mice were housed in a temperature (25 + 2°C) and
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humidity (50 + 20%) controlled room on a 12-h light/dark cycle,
and given standard laboratory food and water ad libitum.

Protocol of animal experiments

The employed murine model has been previously described [14].
Mice were either left untreated (NA), or daily administered by
gavage with diosgenin (200-400 mg/kg; 0.2 mL/mouse) and/or
vehicle (VH; 10% Tween 20 and 10% ethanol in H,0; 0.2 mL/
mouse) for 34 days. The dosage of diosgenin was chosen accord-
ing to the results of our pilot experiments. Except for the NA
group, the mice were sensitized with OVA twice on days 7 and
21 by intraperitoneal injection of 20 ug OVA and 2.25 mg alum
(as adjuvant) per mouse, followed by challenge with OVA aerosol
(1% in saline; 30 min/day) on days 30-32. The aerosol was gen-
erated using a nebulizer (Model 5650D; DeVilbiss; Somerset, PA,
USA). The mice were sacrificed on day 34, and the spleen, lungs
and serum were isolated for further experiments (Fig.1). All ani-
mal experiments were approved by the Institutional Animal Care
and Use Committee of the National Taiwan University.

Enzyme-linked immunosorbent assay (ELISA)

ELISA plates were coated with 0.05 % OVA in coating buffer (0.1 M
NaHCO3;), and blocked with 1% bovine serum albumin in phos-
phate-buffered saline containing 0.05% Tween 20 (PBST). After
washing with PBST, serum samples were added (50 uL/well) and
incubated for 1h. After another washing, horse radish peroxi-
dase-conjugated anti-mouse IgG;, 1gG,, or IgM was added (50
uL/well) and incubated for 1 h. Lastly, wells were washed and a
tetramethylbenzidine solution (50 uL/well; Biosource; Camaril-
lo, CA, USA) was added for detection of bound peroxidase conju-
gate. The reaction was terminated by adding 150 uL per well of
3N H,SO,. The optical density (0.D.) was measured at 450 nm
using a microplate reader (Dynatech Laboratories; Chantilly, VA,
USA). OVA-specific IgE and total IgE were measured as previous-
ly described [15].

Culture of splenocytes
Splenocytes from each group were prepared as described pre-
viously [16]. Splenocytes were stimulated with OVA (50 ug/mL)

s OVA Aerosol .
OVA Sensitization S fi
‘ l 101Z l ‘ Challenge acrifce
Day 1 7 21 30 31 32 34

~
>

O Diosgenin: 200 - 400 mg/kg, 0.2 mL/mouse, daily

O VH: 10% Tween 20 and 10% ethanol in H,0O, 0.2 mL/mouse, daily

O Naive: Untreated, and without OVA sensitization & challenge

Fig.1 Protocols of diosgenin administration and OVA sensitization
and challenge. BALB/c mice (7 - 8 weeks old) were either left untreated
(NA), or daily administered by gavage with diosgenin (DIO; 200-
400 mg/kg; 0.2 mL/mouse) and/or vehicle (VH; 10% Tween 20 and
10% ethanol in H,0; 0.2 mL/mouse) from days 1-34. Except for the
NA group, the mice were sensitized with OVA by intraperitoneal injec
tion with 0.2 mL per mouse of sensitization solution containing 20 ug
OVA and 2.25 mg alum (as adjuvant) on days 7 and 21. The OVA-sensi-
tized mice were then challenged with aerosolized OVA (1% in saline)
for 30 min per day on days 30, 31 and 32. Mice were sacrificed on day
34, and the spleen, lungs and serum samples were isolated for further
experiments.
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for 24 h, and the supernatants were collected and quantified for
IL-4 and IFN-y by ELISA as previously described [17]. The total
RNA from splenocytes was isolated using TRI reagent (Sigma)
following the instructions of the supplier. Briefly, splenocytes
(107 cells) were homogenized in TRI reagent (1 mL). 1-Bromo-3-
chloropropane (0.1 mL) was then added, and the mixture was
shaken vigorously, followed by centrifugation at 12,000xg for
15 min. The aqueous layer was collected, and the RNA was preci-
pitated by adding isopropyl alcohol. The RNA pellet was washed
with ethanol, and dissolved in H,O for subsequent experiments.

Reverse transcription-polymerase chain reaction (RT-PCR)
All RNA samples were confirmed to be free of DNA contamina-
tion as determined by the absence of product after PCR amplifi-
cation in the absence of RT. cDNA was reverse-transcribed using
oligo(dT),s as primers. PCR was performed as previously de-
scribed [15]. PCR products were electrophoresed and visualized
by ethidium bromide staining. Quantification was performed by
assessing the O.D. of DNA bands using an imaging system (Alpha
Innotech Corp; San Leandro, CA, USA). The expression of the
house-keeping gene glyceraldehydes 3-phosphate dehydrogen-
ase (GAPDH) was used as control for semi-quantification. The
primers used in this study are as follows: 5-AACGAGGTCACAG-
GAGAAG-3’ and 5-GTCTATCGATGAATCCAGGC-3’ for IL-4, 5-
CATGAAAATCCTGCAGAGCC-3” and 5-GGACAATCTCTTCCCCAG-
CC-3" for IFN-y, 5-AACCAGTATCCTGTTCCCAGC-3” and 5%
TGTCGCCACTGGAAGGATAG-3” for T-bet, 5-GAAGGCATCCA-
GACCCGAAAC-3” and 5-ACCCATGGCGGTGACCATGC-3” for
GATA-3, and 5’-CATCACCATCTTCCAGGAGCG-3” and 5-GAGG-
GGCCATCCACAGTCTTC-3’ for GAPDH.

Necropsy and pulmonary tissue preparation

The right lung lobes were excised for RNA isolation. The left lung
lobe was fixed with 10% neutral buffered formalin, and a cross-
sectional tissue block of the lung lobe at the level of the 5% air-
way generation of the main axial airway was excised [15]. Tissue
blocks were sectioned at a thickness of 5 um. The tissue sections
were stained with hematoxylin and eosin (H & E) for routine his-
topathology, and stained with Alcian blue (pH 2.5)-periodic acid-
Schiff sequence for identification of mucosubstances in mucous
goblet cells.

Statistical analysis

Data are expressed as the mean + standard error of mean (S.E.M.)
for each treatment group. Dunnett’s two-tailed t-test was used to
assess the statistical difference between the treatment groups
and the VH control; p < 0.05 was defined as statistically signifi-
cant.

Results

Antibody production is the hallmark of humoral immunity. We
first examined the effect of diosgenin on the production of OVA-
specific antibodies. A marked increase in the serum level of all
OVA-specific immunoglobulins examined and total IgE was de-
tected in OVA-sensitized BALB/c mice, as compared to the naive
mice (Fig. 2; VH vs. NA), indicating a successful induction of anti-
body production. The production of OVA-specific IgG,, was sig-
nificantly enhanced in mice treated with diosgenin (DIO200 and

DIO400 groups), as compared to the VH control, whereas the
other OVA-specific immunoglobulins and total IgE were unal-
tered (Fig. 2).

Because the VH contains high concentrations of Tween 20 (10%)
and ethanol (10%), its potential influence on the antibody pro-
duction were investigated. No significant effects by daily VH ad-
ministration for 34 days on any of the examined immunoglobu-
lins or splenic lymphocyte subpopulations were observed in na-
ive mice or OVA-sensitized and -challenged mice (Figs. 1S and
2S, Supporting Information), suggesting that VH administration
per se did not affect the immune responses.

As T cell-derived cytokines play a pivotal role in regulating anti-
body production, we next examined the effect of diosgenin on
the secretion of IL-4 (a Th2 cytokine) and IFN-y(a Th1 cytokine).
Splenocytes isolated from each group were cultured in the pres-
ence of OVA for 24 h to induce cytokine secretion. A high level of
OVA-specific IL-4 was observed in the supernatants of spleno-
cytes from OVA-sensitized mice (Fig.3B; VH vs. NA), whereas
the level of OVA-specific IFN-y secretion by the cells remained
at a low level (Fig.3A). Notably, splenocytes isolated from
DIO200 and DIO400 groups secreted a large amount of IFN-y as
compared to the VH group (Fig. 3A), but the level of IL-4 was un-
affected by diosgenin treatment (Fig. 3B).

To confirm the above data on cytokine secretion, RT-PCR was per-
formed to examine the effect of diosgenin on cytokine mRNA ex-
pression. Consistent with the effect on IFN-yand IL-4 secretion,
diosgenin treatment markedly increased the expression of I[FN-y
mRNA by splenocytes of OVA-sensitized mice (Fig.4), whereas
no effect on IL-4 mRNA was observed (data not shown). Based
on the results showing the enhanced expression of IgG,, and
IFN-y by diosgenin, we speculated that the effect of diosgenin
may be mediated by regulating the differentiation of T cells.
Thus, the mRNA expression of T-bet and GATA-3, two critical
transcription factors involved in the regulation of Th1 and Th2
differentiation, respectively, was investigated. The expression of
T-bet mRNA in splenocytes of diosgenin-treated mice was signif-
icantly up-regulated as compared to the VH group (Fig.5). In
contrast, diosgenin treatment did not influence GATA-3 expres-
sion (data not shown). These data demonstrated an up-regula-
tion of Th1 differentiation by DIO administration in vivo.

The above results showed the effect of diosgenin on systemic im-
mune responses. The present study further examined if diosgen-
in modulated the local allergic airway responses. As shown in
Fig. 6, the expression of IL-4 mRNA in lung tissue was elevated
in the VH group as compared to the NA group, suggesting an ac-
tivation of Th2 cells in the airway by OVA challenge. However,
the IL-4 mRNA expression was not affected by diosgenin treat-
ment (Fig. 6). In addition, diosgenin treatment did not influence
the infiltration of inflammatory cells into the lung tissue and the
expression of mucosubstances in the airway epithelium (data
not shown).

Although wild yam has been reported to be non-toxic [18], dios-
genin is known to induce apoptosis in some cell lines in vitro [8],
[9]. We therefore assayed the toxicity of diosgenin in vivo. Body
weight (BW) was used as an indicator for toxicity. The BWs of in-
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OVA-IgG,

Fig.2 Effect of diosgenin on the produc

tion of total serum IgE and OVA-specific an-

tibodies. Mice were treated by the protocol
—— described in Fig. 1. The titers of OVA-specif-
ic IgM, IgG;, IgG,, and IgE, and total serum
IgE were measured by ELISA. Data are
expressed as the mean + S.E.M. of 3-6inde-
pendent experiments. The number of sam-
ples for each group is indicated in the par-
enthesis. N.D., OVA-specific IgG; was below
the level of quantification. *, p < 0.05 as
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dividual mice were measured at the beginning and the end of ex-
periments. No significant difference among NA, VH- and dios-
genin-treated groups was observed (data not shown). Moreover,
no observable change in the overall activity of mice treated with
diosgenin or VH was noticed. These data indicated that diosgenin
did not induce toxicity to the mice.

Discussion

The present study demonstrated that diosgenin treatment mark-
edly increased serum anti-OVA IgG,, and enhanced IFN-yexpres-
sion by splenocytes, whereas IL-4 expression was unaffected.
These data indicate that diosgenin modulates the systemic im-
mune response towards the Th1 direction in response to OVA
sensitization. Cytokines expressed by distinct phenotypes of Th
cells, namely Th1 and Th2 cells, regulate B-cell activation and
differentiation, and isotype switching of immunoglobulins [19].
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DIO (mg/kg)

As diosgenin enhanced IgG,, production, we hypothesized that
diosgenin may stimulate the differentiation of Th1 cells. Hence,
we investigated the effect of diosgenin on the expression of T-
bet and GATA-3, two transcription factors critically involved in
the development of Th1 and Th2 cells, respectively [20], [21].
The results showed that diosgenin treatment up-regulated the
expression of T-bet, but not that of GATA-3. As T-bet is responsi-
ble for the development of the Th1 lineage [21], these results
suggest that the enhancement of IgG,, and IFN-y by diosgenin
may be mediated by the up-regulation of Th1 cell differentiation.

To date, few reports in the literature describe the immunomodu-
latory effect of Chinese yam. Yam mucopolysaccharide (YMP) has
been shown to modulate functional activities of splenocytes and
macrophages in vitro [5], [12]. The in vivo effect of YMP and other
yam constituents on the immune system remains unknown. To
our knowledge, the present study provides the first evidence to
show that diosgenin, the major sapogenin contained in Chinese
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Fig.3 Effect of diosgenin on IFN-yand IL-4 secretion by splenocytes.
Mice were treated by the protocol described in Fig. 1. The splenocytes
(5% 106 cells/mL) isolated from each group were cultured in the pres-
ence of OVA (50 pg/mL) for 24 h, and the supernatants collected for
measurement of IL-4 and IFN-y by ELISA. Data are expressed as the
mean + S.E.M. of quadruplicate cultures. N.D., IL-4 protein was below
the level of quantification. *, p < 0.05 as compared with the VH group.
Results are a representative of 3 independent experiments.

yam, possess immunomodulatory activity in vivo. Our results are
in accordance with a recent study showing that a functional noo-
dle composed of yam (Dioscorea alata L.) and boxthorn enhanced
serum IgG and IgA in mice [22]. Although the immunoactive in-
gredients contained in the noodle are yet to be identified, dios-
genin is likely to play a role based on our data.

The present study further investigated the potential of diosgenin
for treatment of allergic airway reactions. Our data showed that
OVA-specific and total serum IgE were not influenced by dios-
genin. In addition, diosgenin did not affect the mucosubstance
production and inflammatory cell infiltration in the lungs of
OVA-sensitized and challenged mice. These findings are in
agreement with the results showing that the IL-4 expression in
both splenocytes and lungs was not modulated by diosgenin.
Moreover, the serum level of OVA-specific IgG;, whose expres-
sion is regulated by Th2 cell-derived cytokines, was unaffected

NA VH 200 400
250 -
*
—~ 200 -
S |
; *
o 150 - T
a
&
\.>‘ 100 -
pd
L
- 50 A
0 T T T
NA VH 200 400
DIO (mg/kg)

Fig.4 Enhancement by diosgenin of the steady state mRNA expres-
sion of IFN-y in splenocytes. The splenocytes (5x 106 cells/mL) isolated
from each group were cultured in the presence of OVA (50 ug/mL) for
24 h. Total RNA was isolated and the level of IFN-y mRNA was meas-
ured by RT-PCR. The level of house keeping gene GAPDH was used to
normalize the expression of IFN-y mRNA for semi-quantification. Data
are expressed as the mean + S.E.M. of 4 independent experiments. *, p
< 0.05 as compared with the VH group.
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Fig.5 Enhancement by diosgenin of the steady state mRNA expres-
sion of T-bet in splenocytes. Mice were treated by the protocol de-
scribed in Fig. 1. The total RNA was isolated from the pooled spleno-
cytes of each group, and the expression of T-bet mRNA was measured
by RT-PCR. The level of house keeping gene GAPDH was used to nor-
malize the expression of T-bet mRNA for semi-quantification. Data are
expressed as the mean + S.E.M. of triplicate samples. *, p < 0.05 as
compared with the VH group. Results are a representative of 3 inde-
pendent experiments.
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Fig.6 Effect of diosgenin on the steady state IL-4 mRNA expression in
the lungs of OVA-sensitized and challenged BALB/c mice. Mice were
treated by the protocol described in Fig. 1. The level of I.-4 mRNA ex-
pression in the lung was determined by RT-PCR. The level of house
keeping gene GAPDH was used to normalize the expression of T-bet
mRNA for semi-quantification. Data are expressed as the mean =
S.E.M. of 4-7 samples. Results are a representative of 3 independent
experiments.

by diosgenin. Collectively, these lines of independent evidence
indicate that the Th2 immune responses and allergic airway re-
actions are not modulated by diosgenin in the employed murine
model.

In summary, the present study demonstrated that intake of dios-
genin enhanced the serum level of antigen-specific IgG,,, and the
production of IFN-y by splenocytes. Diosgenin administration
also up-regulated the expression of T-bet in splenocytes, indicat-
ing that diosgenin may promote the differentiation of Th cells to
the Th1 phenotype. The present study is the first to show the im-
munomodulatory activity of diosgenin in vivo. As diosgenin is
the major sapogenin in Chinese yam, our data provide evidence
that ingredients contained in Chinese yam may up-regulate cer-
tain aspects of acquired immunity.
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