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Abstract

Objective: Sulfur fumigation is used to preserve Rhizoma Dioscoreae (RD), a traditional medicinal herb,
but excess consumption of SO2 residues may be toxic. We compared effects of sulfur-free versus sulfur-
fumigated RD concentrated aqueous extracts on rat blood biochemistry and organ morphology.
Methods: Rats were randomly divided to receive sulfur-fumigated RD or sulfur-free RD aqueous extract
(20 g/kg, intragastric, 90 d) or distilled water (control). Body weight and food intake were recorded
weekly. Blood samples were collected 12 h after final administration and histopathological examinations
performed.
Results: Body weight did not differ among groups (P>0.05). Blood Alanine Aminotransferase (ALT),
Aspartate Aminotransferase (AST), Total Cholesterol (TC), and Glucose (GLU) were lower in the
sulfur-free group versus controls (P<0.05). GLU and TC were also reduced but AST and ALT elevated
in the sulfur-fumigated group. In the sulfur-fumigated group, organ coefficients for lung and thymus
(P<0.05) as well as spleen and kidney (P<0.01) were higher than controls. In the sulfur-free group, only
thymus organ coefficient was significantly greater than control (P<0.05). Histopathology revealed
multiple focal fatty infiltrations in duodenum muscle (two rats) and punctate liver necrosis (four rats) in
the sulfur-fumigated group.
Conclusion: Long-term sulfur-fumigated RD consumption may cause liver damage.
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Introduction
Rhizoma Dioscoreae (RD) is the dried rhizome of Dioscorea
opposita Thunb. In Traditional Chinese Medicine (TCM), RD
is widely prescribed for yang deficiency of spleen and kidney,
to treat consumptive cough and dysentery, as an aid for
digestion and gastric motility, and for restraining nocturnal
emissions [1]. Fresh RD is prone to browning because of
Polyphenol Oxidase (PPO) and Peroxidase (POD) oxidation
[2,3], resulting in poor product appearance. In addition, RD is
rich in mucus and difficult to dry, so sulfur fumigation is often
used in processing. After sulfur fumigation, RD is bright white,
fast drying, easy to shape, and less prone to mildew. Thus,
sulfur fumigation greatly extends product shelf-life. However,
massive use of sulfur fumigation can lead to excessive SO2
residues on the surface. Sulfur dioxide and its derivatives can
enter the blood and damage the respiratory and cardiovascular
systems [4,5]. Moreover, studies have shown that some active
ingredients of Chinese herbal medicines are chemically altered
after sulfur fumigation [6,7].

While sulfur fumigation is a nearly century-old processing
method for Chinese herbal medicines, it safety has been widely
questioned in recent years. Since there is currently no

technology to completely replace sulfur fumigation, it remains
the preferred processing method for most medicinal herb
collectors to reduce economic losses caused by rot, mildew,
and poor appearance. However, there are few studies on the
safety of sulfur-fumigated RD. Therefore, we compared the
effects of sulfur-fumigated versus sulfur-free RD aqueous
extracts on routine blood parameters and tissue morphology in
Sprague-Dawley rats.

Materials and Apparatus

Animals
Thirty female specific-pathogen-free Sprague-Dawley (SD)
rats weighing 160~180 g were purchased from Hunan Slack
Jingda Laboratory Animal Co., Ltd (Certificate of Conformity:
SCXK (Xiang) No. 2013-0004). Feed (grade B) was purchased
from Hunan Slack Jingda Laboratory Animal Co., Ltd.
(Certificate of Conformity: SCXK (Xiang) No. 2014-0002).
All animal care and experimental procedures adhered to the
guidelines of the National Institutes of Health and were
approved by the National Institute of Mental Health Animal
Care and Use Committee.
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Reagents
Rhizoma dioscoreae and sulfur were purchased from Zhangshu
Tianqi Pharmaceutical Co., Ltd. Rhizoma Dioscoreae was
identified as the dried rhizome of Dioscorea opposita Thunb by
Dr. Jinlong Chen, Nanchang University. Methanol, ether,
sodium chloride, xylene, hematoxylin, and eosin were all
analytical grade.

Main experimental apparatus
The fumigation chamber was made in-house. An electronic
balance was purchased from Shanghai Liangping Instrument
Co. (Shanghai, China), an electric-heated thermostatic water
bath from Shanghai Jinghong Experimental Equipment, a
MICROS 60 automatic three-classification blood analyzer
from Horiba ABX Company, a BS-380 automatic biochemical
analyzer from Chemistry Analyzer company, and TP1020
dryer, RM2126 rotary microtome, HI1210 histology water
bath, and EG1120 paraffin embedding station from Shanghai
Laica Instrument Co (Shanghai, China). A TK-C9211EC
pathology graphic imaging system was purchased from
Huizhou Tianmin Technology Development Co. (Guangdong,
China).

Methods

Preparation of sample materials
Preparation of saturated-fumigated Rhizoma dioscoreae:
Fresh Rhizoma dioscoreae samples were washed, peeled with a
bamboo knife, cut into sections, and evenly placed in the
fumigation chamber. An appropriate amount of sulfur was
weighed, placed in a crucible, and ignited. The door was closed
when a blue flame was formed, then sealed with a transparent
plastic. After fumigation for 12 h, the exhaust fan was
activated for 1 h. This fumigation processes was repeated 4
times (48 h total). The fumigated Rhizoma Dioscoreae was
removed, cut into 2-3 mm slices, and then placed in an oven
for low-temperature drying at 60°C.

Preparation of sulfur-free Rhizoma dioscoreae: Fresh
Rhizoma dioscoreae samples were washed, peeled with a
bamboo knife, cut into sections, then evenly placed in an oven
for drying at 105°C for 1 h, followed by low-temperature
drying at 60°C until semi-dry. Samples were removed, and cut
into 2-3 mm slices, then placed in an oven for low-temperature
drying at 60°C [8].

Preparation of concentrated aqueous extract of Rhizoma
dioscoreae: Forty grams of sulfur-free and or fumigated
Rhizoma dioscoreae powder was added into an 8-fold volume
of distilled water. The mixture was cold soaked for 30 min,
boiled for 1 h, filtered through gauze, and concentrated to a
volume of 2 g/ml [9].

Animal treatment
Thirty SD rats were adapted to the feeding schedule for 1 w
prior to group allocation. The animals were then randomly

divided into three groups of ten: a sulfur-fumigated RD group
(20 g/kg) (According to the table of human and animal
equivalent dose ratio based on the body surface area in the
pharmacological experiments: the clinical dose was
approximately 3.2 g/kg, converted into rat dose: rat dose=3.2
g/kg × 70 kg × 0.018/200=20 g/kg), sulfur-free RD group (20
g/kg), and control group. The control group received
equivoluminal distilled water at 20 ml/kg by once-daily
intragastric administration for 12 w. Rats were housed at five
per cage with ad libitum access to water. Body weight and
average food intake were recorded weekly. General health and
behavior (e.g., coat condition, defecation, mental condition)
were observed weekly.

Analysis
Animals were fasted but allowed water ad libitum for 12 h
after the last RD or water intragastric administration. Rats were
weighed 24 h after final administration. Retro-orbital blood
was sampled under anesthesia for routine cell counts and
biochemical analysis using a MICROS 60 automatic three-
classification blood analyzer and BS-380 automatic
biochemical analyzer, respectively. Animals were then
sacrificed by cervical dislocation and the abdominal cavity
dissected immediately. The color and morphology of organs
were evaluated by naked eye and recorded in detail. The heart,
liver, spleen, lung, kidney, thymus, and duodenum were
removed, rinsed with chilled (4°C) normal saline, blotted dry
with filter paper, and then weighed for calculation of the organ
coefficient. Organs were fixed in 100 g/L formaldehyde at 4°C
for 24 h, followed by dehydration in graded ethanol,
embedding, slicing, and HE staining. Pathological changes
were observed under light microscopy.

Statistical methods
Data are expressed as mean ± standard deviation (x̄ ± s).
Microsoft Excel and SPSS19.0 software were used for analysis
of variance. A p<0.05 is considered significant and p<0.01 as
highly significant.

Results

General conditions
During the 90 d period of intragastric administration, all rats
showed normal growth and development, and no major adverse
reactions were observed. Coat remained glossy and stool shape
was normal. No bloody purulent stool, diarrhea, or abnormal
secretions for nose, eyes, and mouth were observed.

Body weight
Average body weight did not differ among groups at any time
during the 12 w of treatment (Figure 1). In all three groups,
weight gain was regular over the first 6 w and more moderate
thereafter.
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Figure 1. Average body weight in each treatment group.

Blood cell counts
There were no significant differences in routine blood cell
counts among groups after 90 d’ continuous treatment (Table
1). While PLT count was lower in the sulfur-free group and
WBC lower in the sulfur-fumigated group, these differences
did not reach significance (P>0.05).

Table 1. Blood cell counts for each treatment group after 12 w’
treatment (x̄ ± s) (n=9). WBC: White Blood Cells; RBC: Red Blood
Cells; HGB: Total Hemoglobin; PLT: Platelets; LYM: Lymphocytes;
GRA: Granulocytes; MON: Monocytes.

Test items Blank control
group

Sulfur-free group Sulfur-fumigated
group

WBC (× 109/L) 4.18 ± 1.52 4.113 ± 1.72 3.717 ± 0.42

RBC (× 1012/L) 8.22 ± 0.46 8.212 ± 0.49 8.167 ± 0.49

HGB (g/L) 142.67 ± 5.32 142.0 ± 5.29 144.00 ± 5.69

PLT (× 109/L) 992.0 ± 100.72 943.88 ± 57.57 980.50 ± 107.89

LYM (× 109/L) 3.80 ± 1.45 3.78 ± 1.65 3.33 ± 0.42

GRA (× 109/L) 0.22 ± 0.041 0.18 ± 0.05 0.20 ± 0.06

MON (× 109/L) 0.17 ± 0.082 0.163 ± 0.074 0.12 ± 0.045

Note: Compared to the distilled water control group, *P<0.05, **P<0.01;
compared to the sulfur-free group, #P<0.05, ##P<0.01.

Blood biochemistry
Compared to the control group, blood Alanine
Aminotransferase (ALT), Aspartate Aminotransferase (AST),
Total Protein (TP), Triglycerides (TG), Total Cholesterol (TC),
and Glucose (GLU) were lower while Direct Bilirubin (DBIL)
and Alkaline Phosphate (ALP) were higher in the sulfur-free
group, and the differences were significant for the ALT, AST,
and TC reductions (P<0.05), highly significant for the GLU
decrease (P<0.01), and significant for the DBIL increase
(P<0.05). These changes indicate that Rhizoma dioscoreae is
beneficial for glycemic control and protection against liver
damage. The levels of GLU and TC were also significantly
lower in the sulfur-fumigated group compared to the control

group (P<0.01). However, AST and ALT levels were
significantly higher than the control group, suggesting that
despite the aforementioned benefits on glucose control, the
liver may be damaged by long-term consumption of SO2 and
derivatives from sulfur-fumigated RD. Compared to the sulfur-
free group, the levels of ALT and AST were significantly
higher (P<0.01, Table 2) and ALP level significantly lower
(P<0.01) in the sulfur-fumigated group.

Table 2. Blood biochemical parameters after 12 w’ treatment (x̄ ± s)
(n =9). ALT: Alanine Aminotransferase; AST: Aspartate
Aminotransferase; ALP: Alkaline Phosphatase; DBIL: Direct
Bilirubin; TP: Total Protein; GLO: L-Gulonolactone Oxidase; ALB:
Albumin; GLU: Glucose; TG: Triglycerides; TC: Total Cholesterol.

Test items Blank control
group

Sulfur-free group Sulfur-fumigated
group

ALT (U/L) 60.82 ± 31.0 44.08 ± 6.20* 71.02 ± 53.25*##

AST (U/L) 357.62 ± 132.88 171.82 ± 60.42* 420.96 ±
380.36*##

ALP (U/L) 85.31 ± 21.24 90.33 ± 16.93 78.43 ± 13.17##

DBIL (g/L) 0.175 ± 0.12 0.73 ± 0.26* 0.67 ± 0.36*

TP (g/L) 80.59 ± 5.62 77.90 ± 1.16 75.70 ± 5.61

GLO (g/L) 35.66 ± 3.21 34.55 ± 1.70 32.94 ± 2.94

ALB (g/L) 44.94 ± 2.45 43.35 ± 1.67 42.76 ± 2.76

GLU (mmol/L) 3.98 ± 0.66 2.88 ± 1.13** 2.92 ± 1.06**

TG (mmol/L) 1.05 ± 0.44 0.82 ± 0.23 1.64 ± 1.54

TC (mmol/L) 3.25 ± 0.36 2.46 ± 0.47* 2.38 ± 0.50**

Note: *P<0.05 and **P<0.01 compared to the distilled water control group;
#P<0.05 and ##P<0.01compared to the sulfur-free group.

Organ coefficients
All measured organs coefficients were greater in the sulfur-
fumigated group than the control group (Table 3). These
increases were significant for lung and thymus (P<0.05) and
highly significant for spleen and kidney (P<0.01). In the sulfur-
free group, only the thymus organ coefficient differed
significantly from the blank control group (P<0.05).

Table 3. Organ coefficients in each treatment group (%) (x̄ ± s) (n=9).

Organs Blank control
group

Sulfur-free group Sulfur fumigated
group

Spleen 0.182 ± 0.01 0.199 ± 0.06 0.205 ± 0.02**

Kidney 0.604 ± 0.03 0.619 ± 0.04 0.641 ± 0.03**

Liver 3.137 ± 0.39 3.145 ± 0.11 3.348 ± 0.29

Lungs 0.473 ± 0.04 0.505 ± 0.03 0.505 ± 0.02*

Heart 0.336 ± 0.04 0.338 ± 0.02 0.356 ± 0.04

Thymus 0.122 ± 0.05 0.143 ± 0.06* 0.139 ± 0.03*
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Histopathological analysis
Pathological sections were obtained from liver, lung,
duodenum, spleen, kidney, heart, and thymus, and stained with
Hematoxylin and Eosin (HE) (Figure 2). Microscopic
examination revealed scattered focal hemorrhage in lung of
one sulfur-fumigated group rat (panel B3 in Figure 2), punctate
liver necrosis in one control group rat (panel A1), and slight
liver steatosis in one sulfur-free group rat (A2). In contrast to
these mild sporadic abnormalities, two sulfur-fumigated group
rats exhibited multiple focal fatty infiltration in the duodenum
muscle (C3) and four exhibited a large number of necrotic liver
puncta (A3). No other pathological changes were found.

Figure 2. Histopathology sections from (A) liver, (B) lung, (C)
duodenum, (D) spleen, (E) kidney, (F) heart, and (G) thymus stained
with hematoxylin and eosin. Left panels (1) are from control group
rats, middle panels (2) from sulfur-free group rats, and right panels
(3) from sulfur-fumigated group rats.

Evaluation and Discussion
Rhizoma Dioscoreae is often processed by sulfur fumigation to
preserve appearance and prevent mildew [10]. While this
process greatly extends shelf-life, studies show that sulfur can
alter the bioactivity of TCMs and change the chemical
composition. Further, sulfur dioxide and its derivatives have

damaging effects on many organs and tissues [11]. Therefore,
it is necessary to study the potential of sulfur-fumigated RD to
induce organ damage under controlled conditions. By directly
comparing outcomes after long-term administration of sulfur-
free and sulfur-fumigated RD, we present evidence for the
deleterious effects of sulfur fumigation and highlight the need
for a safer alternative preservation method.

Sulfur-fumigated RD had no substantial effect on body weight
compared to the sulfur-free preparation. However, the control
group was slightly heavier from 7 w on compared to both
treatment groups (Figure 1). Rhizoma dioscoreae is used in
TCM to promote digestion, gastrointestinal motility, and
reduce body fat accumulation [12]. Thus, sulfur-fumigation
appeared to have no marked effect on this purported benefit.
Blood concentrations of ALT, AST, GLU, and TC were
significantly lower in the sulfur-free group than the control
group (P<0.05), suggesting that RD improves glucose
metabolism and protects against liver damage, consistent with
a previous report [13]. Blood glucose was even lower in the
sulfur-fumigated group, again suggesting that benefits on
glucose metabolism are not altered by this processing method.
However, serum ALT and AST levels were significantly
elevated, and this was accompanied by signs of liver necrosis
in 40% of sulfur-fumigated group rats. Thus, long-term
consumption of SO2 residues from sulfur-fumigated RD may
induce liver damage. All measured organ coefficients were
greater in the sulfur-fumigated group compared to the control
group, and increases were significant for lung, thymus, spleen,
and kidney (P<0.01). Elevated organ coefficient may arise
from multi-organ edema and hypertrophy caused by sub-
chronic toxicity. Conversely, higher thymus weight in the
sulfur-free RD group may indicate enhanced immunity,
although additional studies are required to assess this
possibility.

According to the 2015 edition of "Chinese Pharmacopoeia",
the conventional sulfur fumigation method is permitted for the
processing of 11 TCMs, including Rhizoma dioscoreae,
Achyranthis bidentatae Radix, and Puerariae thomsonii Radix,
with sulfur dioxide residues not to exceed 400 mg/kg.
Generally, sulfur dioxide content below 500 mg/kg is
considered safe, but liver and kidney toxicity may still be
possible with long-term consumption. We conclude that the
disadvantages of traditional sulfur fumigation outweigh its
advantages; therefore, it is necessary to develop a new
technology for Rhizoma dioscoreae preservation to ensure both
quality and safety.
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