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Local immune compartments are related to the severity of 
dextran sodium sulphate induced colitis

Luman Wang, Xuechao Jiang, Xiaoming Liu, Tingting Qian, Yiwei Chu*

Department of Immunology and Key Laboratory of Medical Molecular Virology of MOE/MOH, School of Basic Medical Sciences, 
Biotherapy Research Center of Fudan University, Shanghai, China.

*Address correspondence to:
Dr. Yiwei Chu, Department of Immunology, Shanghai 
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China.
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1. Introduction

Ulcerative colitis (UC) is an inflammatory bowel 
disease characterized by intestinal inflammation and 
mucosal damage (1). A widely used experimental 
model of colitis involves oral administration of dextran 
sulphate sodium (DSS) dissolved in drinking water. 
The exact mechanism through which DSS initiates 
colitis is unknown. One of the possible mechanisms 
is that DSS activates gut-associated lymphoid tissues 
(GALT) immune cells (2). 
 GALT are important for the maintenance of 
intestinal homeostasis, which consist of Peyer's patches, 
intraepithelial lymphocytes (iEL), lamina propria (LP) 
and mesenteric lymph nodes (MLN). The GALT that 
contain lymphocytes can be divided into two main 
immune-function-based compartments, the bacterial 
and antigen elimination required effector compartment 
and self-tolerance regulator compartment, which are 
associated with colitis symptoms (3). Granulocytes and 

macrophages produce proinflammatory cytokines such 
as IL-6, TNF-α and are reported to be directly involved 
in the pathogenesis of UC (4,5). On the contrary, B 
cells are mainly located within the Peyer's patches and 
after cell differentiation, IgA plasmablasts migrate to 
the lamina propria and secrete IgA into the gut lumen 
(6-9). In addition, Treg cells also play an essential 
role in mucosal immune tolerance (10,11). The other 
essential protective cytokines related to B cells and 
Tregs are transforming growth factor (TGF)-β and IL-
10 (12-16). Although the etiology and pathogenesis 
of colitis are still unclear, inappropriate activation of 
the GALT immune system has played an important 
role in the pathogenesis of mucosal inflammation 
(3). However, whether the expression of those GALT 
immune compartments are involved in the degree and 
the recovery of colitis have not yet been completely 
identified.
 In this study, we used 1% DSS and 3.5% DSS 
to induce mild and severe colitis respectively. By 
comparing the immune compartments in the GALT 
during mild or severe colitis, we demonstrated that 
regulators such as Tregs, B cells, and IgA increased in 
the recovery phase of mild colitis. While during severe 
colitis, the amount of GALT regulators did not change 
or decreased which resulted in irreversible colitis.

Summary Dextran sodium sulphate (DSS) induced colitis is commonly used to simulate human 
ulcerative colitis (UC). However, the mucosal immune responses related to the severity of 
disease have not been comprehensively documented. We used different concentration of 
DSS, induced various severities of colitis, and simultaneously examined the frequency of 
immune cells, antibodies and cytokine production. We found that T regulatory cells (Tregs), 
B cells, and IgA secretion increased on the recovery phase of mild colitis, accompanied by 
CD11b+ cells, interleukin (IL)-6 and tumor necrosis factor (TNF)-α accumulated mildly. 
While during severe and irreversible colitis, the CD11b+ cells, IL-6, and TNF-α infiltrated 
severely with Tregs, B cells, and IgA increased inconspicuously. These results demonstrate 
that Tregs, B cells, and IgA may play a significant role in maintaining the homeostasis of 
gut, by suppressing CD11b+ cells and the pro-inflammatory cytokines.

Keywords: DSS induced colitis, Tregs, B cells, IgA, CD11b+ cells
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2. Materials and Methods

2.1. Mice

Wild-type (WT) C57BL/6 mice were obtained from the 
Chinese Academy of Science (Shanghai, China). All 
mice used were 8-12 weeks of age and were housed 
in the animal facility of Fudan University, China. All 
animals received care in accordance with the Animal 
Care and Use Committee at Fudan University.

2.2. DSS-induced colitis

Mice were given 1% DSS (molecular weight 36-50 
kDa) (MP Biomedicals, Inc., Santa Ana, CA,USA) or 
3.5% DSS in their drinking water for 7 days followed 
by regular drinking water (17). The Disease activity 
index (DAI) was scored on a grade from 0 to 4 based 
on daily assessment of body weight, stool consistency, 
and detection of rectal bleeding, and then averaged for 
each parameter. Parameters were scored as follows: 
body weight loss scores (0, none; 1, 1-5%; 2, 6-10%; 3, 
11-15%; 4, over 15%), stool scores (0, normal stools; 
2, loose stools; 4, diarrhea) and fecal bleeding scores 
(0, negative hemoccult test; 1, positive hemoccult test; 
2, blood visibly present in the stool; 3, blood visibly 
and blood clotting on the anus; 4, gross bleeding) as 
previously described (17).

2.3. Histology

At day 7 and day 10 after DSS administration, mice 
were sacrificed, the colon was removed and the 
segments were fixed in 10% buffered formalin. After 
paraffin embedding, five-micrometer thick sections 
were cut transversely and stained with hematoxylin and 
eosin (H&E). Assessment of histological colon injury 
was performed at 200× as previously described (18). A 
histology score was generated on a grade from 0 to 4 
as follows: 0, normal tissue; 1, mild inflammation with 
scattered inflammatory cells; 2, moderate inflammation 
with multiple foci and/or mild epithelial ulcerations; 
3, severe inflammation with massive infiltrating 
mononuclear cells and/or ulcerations in more than 
30% of the tissue; and 4, inflammation with transmural 
inflammatory cell infiltration and/or more than 75% of 
the tissue section affected.

2.4. Gut cell isolation

MLN, Peyer's patches, intraepithelial lymphocytes (iEL) 
and lamina propria lymphocytes (LPL) were isolated by 
the method of Lefrancois and Lycke (19). Briefly, MLN 
were isolated and then the whole intestine was flushed 
with Ca2+Mg2+-free 100 mM HBSS (CMF) (Sigma-
Aldrich, St. Louis, MO, USA). RPMI was injected into 
the intestine to highlight Peyer's patches, which were 

then collected with a fine forceps and scissors. The 
intestines were opened longitudinally and cut into small 
sections, shook with CMF solution containing HEPES, 
NaHCO3, DTT and EDTA (all from Sigma-Aldrich, St. 
Louis, MO, USA), and 2% fetal bovine serum (FBS) 
(Gibco®, Portland, OR, USA) at 37°C. IELs were then 
purified using discontinuous Percoll gradients (GE 
Healthcare, Buckinghamshire, UK). For the isolation 
of LPLs, intestinal pieces were digested with complete 
RPMI-1640 containing collagenase (Roche Applied 
Science, Upper Bavaria, Germany), dispase (Sigma-
Aldrich, St. Louis, MO, USA) and Dnase I (Sigma-
Aldrich, St. Louis, MO, USA) at 37°C. LPLs were then 
purified using Percoll gradients.

2.5. Flow cytometry and antibodies

Single cell suspensions from the MLN, Peyer's patches, 
epithelium (iEL) and LP were incubated with the 2.4G2 
antibody (eBioscience, San Diego, CA, USA) to block 
FcR II/III receptors before staining with specific Ab. 
The anti-mouse antibodies B220-PE-Texas Red, CD3-
PerCP-Cy7, CD4-APC-Cy7, Foxp3-APC and CD11b-
Pacific Blue were purchased from eBioscience (San 
Diego, CA, USA). Surface and intracellular Foxp3 
staining was performed using the manufacturer's 
recommended protocol. Cells were applied to a CyAn™ 
ADP Analyzer (Beckman, Coulter, Inc., Carlsbad, CA, 
USA) and data were analyzed using FlowJo software 
(Tree Star, Ashland, Or, USA).

2.6. ELISA

The intestines were isolated and flushed with 40 ml 
endotoxin free PBS. Mucus containing fluid was 
harvested and stored at ‒80°C until assayed. The 
concentration of IL-6, IL-10, TNF-α, TGF-β, IgM, and 
IgA was evaluated using the Mouse Ready-SET-Go! 
ELISA kits from eBioscience (San Diego, CA, USA) 
according to the manufacturer's instructions.

2.7. Statistical analysis

Multiple group comparisons were performed using 
one-way ANOVA, followed by Bonferroni Correction 
to compare two individual groups. The Spearman 
correlation was used to evaluate the relationship 
between immune factors and DAI. Statistical analysis 
was performed using STATA 8.0 or Prism 5.0. p values 
< 0.05 were considered statistically significant.

3. Results and Discussion

To induce UC assembled colitis, mice were treated 
with 1% or 3.5% DSS respectively, percentage change 
in body weight, DAI, colon length and histology of 
colonic sections of DSS treated and healthy animals 
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the mucosal immune responses.
 In a previous study, phenotypic changes in immune 
compartments associated with DSS-induced colitis were 
determined within splenic cells and MLN. They showed 
that adaptive immune responses are induced during 
colitis (21). Thus, we asked whether the local GALT 
immune cells are recruited and activated during mild (1% 
DSS treated) or severe colitis (3.5% DSS treated). GALT 
cells were isolated and analyzed by flow cytometry. 
On day 12, the recovery phase, there was a significant 
increase in the percentage of Tregs in the MLN, Peyers' 
patch, iEL and LPL of 1% DSS treated mice while the 
frequencies didn't alter in the GALT of 3.5% DSS treated 
mice. During the 1% DSS treatment, the frequencies 
of B cells increased in the initial compartment MLN 
and effected the iEL compartment of GALT while the 
frequencies decreased in the MLN, Peyers' patch and 
LPL of 3.5% DSS treated mice (Figure 2).On the other 
hand, the effector compartment of GALT-CD11b+ cells 
were significantly increased in the MLN, Peyers' patch, 
and iEL during 3.5% DSS induced colitis while the 
percentage changed mildly in 1% DSS treated mice. At 
sites of intestinal inflammation, CD11b+ cells such as 
granulocytes and macrophages produced high levels of 

were observed (Figure 1). Mice showed mild symptoms 
of colitis at a dose of 1% DSS, but showed significantly 
more weight loss and more severe disease as measured by 
the disease activity index of 3.5% DSS. 1% DSS treated 
mice developed diarrhea and lost more than 10% of their 
body weight starting on day 8, which was accelerated in 
3.5% DSS treated mice to day 5. 1% DSS treated mice 
began to recover starting on day 10, whereas, 3.5% DSS 
mice continued to progress with no diminution of disease 
symptoms or severity (Figure 1A). The macroscopic 
findings continued to be significantly different within 
groups, 3.5% DSS treated mice had significantly shorter 
colons (Figure 1B). Finally, histological examination 
of the colonic sections from 3.5% DSS-induced colitis 
mice showed severe inflammatory changes in the colon, 
such as ulcerations, crypt dilation, goblet cell depletion 
as well as inflammatory cell infiltration preferentially 
in the acute (day 8) and recovery phase (day 12), when 
compared to healthy control animals. These tissue 
changes were milder in mice treated with 1% DSS (Figure 
1C). Thus, we demonstrated that higher concentrations 
of DSS induced more severe and irreversible intestinal 
injury, which is consistent with a previous study (20). 
Thus, we asked whether the severity of disease related to 

Figure 1. Figure 1. Clinical and macroscopic signs of inflammation. Mice were administered 1% or 3.5% DSS in drinking water 
for seven days followed by regular drinking water for an additional five days. Controls only received regular drinking water. Mice 
were evaluated daily for weight loss and DAI scores were calculated (A). Upon sacrifice of the mice, colons were harvested for 
length determination and gross comparison (B). Representative colon histological sections stained with H&E are shown for the WT 
and μMT groups (C). Images are shown at 200×. An asterisk indicates the position of the leukocyte infiltration in the histological 
images.  Histological sections were blindly scored on a scale of 0 to 4 to generate a histological score (C). The data shown are the 
mean ± SEM of one experiment with five mice and was repeated three times with similar results. * p < 0.05; ** p < 0 .01; *** p < 0.001.
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Figure 3. DSS-induced colitis induces significant changes in cytokines and antibodies within the gut. Colitis was induced 
as in Figure 1. On day 12, the intestines were flushed with 20 mL endotoxin and FCS free PBS. Mucus containing fluid was 
harvested and the level of IL-6, TNF-α, IL-10, TGF-β, IgM and IgA in the supernatant was determined by ELISA. Each data 
point represents a single mouse with the mean shown. Data shown are the mean ± SEM of six mice and was repeated three times 
with similar results. * p < 0.05; ** p < 0.01.

Figure 2. Percentage of immune cell populations in GALT on day 12. Colitis was induced as in Figure 1. Flow cytometry was 
used to determine the percentage of CD3+ T cells, B220+ B cells, CD11b+ cells and Tregs (CD4+Foxp3+) in Peyers' patch, iEL, 
MLN and LPL of colitis mice and healthy mice 12 days after colitis induction. The data shown are the mean ± SEM from one 
experiment with five mice and was repeated three times with similar results. * p < 0.05; ** p < 0.01; *** p < 0.001.
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pro-inflammatory cytokines, including IL-6, and TNF-α, 
which are directly involved in the pathogenesis of UC 
(4,5). On the contrary, a protective role for B cells and 
serum Ig was described in the TCR-α-/- spontaneous 
model of colitis (22) and DSS induced colitis (23). And 
also, Tregs are considered one of the most important 
immune cell regulators of intestinal homeostasis (15,24-
27). Thus, the deficiency of GALT B cells and Tregs 
during 3.5% DSS may cause the infiltration of CD11b+ 
cells and lead to an irreversible colitis. 
 We next determined cytokine and antibody 
production by those immune cells during mild and 
severe colitis. We found that IL-10, TGF-β and 
IgM production in the gut mucus were increased 
during colitis, but there was no significant difference 
between mild and severe coiltis, however, pro-
inflammatory cytokines TNF-α and IL-6 were found to 
be significantly higher in the severe colitis (Figure 3). 
Noteworthy, IgA secreted in the gut mucus decreased 
in the severe colitis mice compared to the mild colitis 
mice (Figure 3). In order to identify the effector 
compartment and the regulator compartment during 
colitis, we performed statistical analysis between 
immune factors and DAI. Tregs, B cells and IgA had 
a negative relationship with DAI, while CD11b+ cells, 
IL-6 and TNF-α had a positive relationship with DAI 
(Figure 4). 
 Our results indicated that Tregs, B cells, and IgA 
produced had a regulatory function during colitis, which 

can rescue colitis by confrontation of pro-inflammation 
cells and cytokines (Figure 3). However, during severe 
colitis, Tregs, B cells and IgA were exhausted in the 
acute phase (data not shown). They were not increased 
on recovery phase, thus CD11b+ cells and its secreted 
IL-6 and TNF-α were accumulated on lamina propria 
and epithelia , resulting in severe and irreversible colitis. 
These results give us a new prospect that patients have 
different degrees of colitis (28), both immune cells such 
as CD11b+ cells, B cells, Tregs and the immune factors 
produced by them are directly related to the symptoms 
of different degrees of colitis. Thus, the frequencies 
of immune cells and the level of immune factors may 
provide a new diagnosis of colitis. More importantly, 
the fact that sufficient Tregs, B cells and IgA are able to 
rescue colitis from pro-inflammatory factors activation 
while the deficiency of regulators leads to an irreversible 
colitis may provide innovative immune cell-based 
therapies for the treatment of colitis.
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Figure 4. The expression of immune cells and cytokines is related to disease symptoms. Relative frequencies of B220+ B 
cells, CD11b+ cells, Tregs, IL-6, TNF-α, IgA and DAI in healthy and colitis mice. Each data point represents a single mouse with 
the mean shown. Data were repeated three times with similar results.
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1. Introduction

Depression is a common but serious illness that can 
impact people's lives. Various antidepressants, including 
tricyclic antidepressants, monoamine oxidase inhibitors, 
and norepinephrine (NE) reuptake inhibitors, are widely 
available on the pharmaceutical market. Although these 
drugs have excellent efficacy, most frequently produce 
undesirable adverse reactions (1-3). Thus, an urgent 
task is to search for more promising antidepressants 

from natural medicinal plants in order to meet the needs 
of clinically depressed patients.
 The dried root of Rehmannia glutinosa Libosch. 
(Scrophulariaceae) has been widely used as a traditional 
Chinese medicine to treat behavioral diseases, including 
depression. Catalpol (Figure 1A) is a major bioactive 
compound that is found in abundance in the dried root 
of R. glutinosa. This compound has been found to have 
neuroprotective action, ameliorate cognition deficits, 
and have potential as a treatment for inflammation-
related neurodegenerative diseases (4-6). A previous 
study reported that the powdered dried root of R. 
glutinosa had an antidepressant-like effect in mice (7). 
However, no studies have specifically examined the 
antidepressant-like effect of catalpol from the dried root 
of R. glutinosa. Moreover, whether the mechanism of 
catalpol's action is related to the central monoaminergic 
system has not been known.

Summary Catalpol is a natural iridoid glycoside with diverse bioactivities that is found in abundance 
in Rehmannia glutinosa Libosch. (Scrophulariaceae). The present study assessed whether 
catalpol treatment (5, 10, or 20 mg/kg for 14 days by intragastric administration (i.g.)) has 
an antidepressant-like effect on mice performing the forced swim test (FST), tail suspension 
test (TST), open field test (OFT), and tests for reversal of reserpine-induced ptosis, akinesia, 
and hypothermia. This study also examined the potential role that catalpol plays in the 
cerebral monoaminergic system. Results indicated that catalpol administration produced 
an antidepressant-like effect in mice, as indicated by the reduced duration of immobility 
in the FST and TST, but it had no effect on locomotor activity in the OFT. Catalpol 
treatment significantly counteracted the decrease in rectal temperature, akinesia, and 
eyelid ptosis induced by reserpine. Moreover, catalpol increased levels of serotonin (5-HT) 
and its metabolite 5-hydroxyindoleacetic acid (5-HIAA) in the brains of mice, but it did not 
affect levels of norepinephrine (NE) or dopamine (DA). These antidepressant-like effects 
of catalpol are essentially similar to the effects of the clinical antidepressant fluoxetine 
hydrochloride (FH). This is the first study to indicate that catalpol has an antidepressant-
like effect and that its action may be mediated by the central serotonergic system, and not 
by noradrenergic or dopaminergic systems.

Keywords: Catalpol, antidepressant-like effect, monoaminergic system, serotonergic system, reserpine
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 The present study sought to assess the antidepressant-
like effect of catalpol and to behaviorally and 
pharmacologically determine the role that it plays in the 
central monoaminergic system.

2. Materials and Methods

2.1. Experimental animals

Male Kunming (KM) male mice (18-22 g) were 
purchased from the Experimental Animal Center of 
Henan Province (Zhengzhou, Henan Province, China). 
Animals were given rodent laboratory chow and water 
ad libitum and maintained under controlled conditions 
with a temperature of 22 ± 1°C, relative humidity of 60 
± 10%, and a 12/12 h light/dark cycle (lights on at 7:00 
a.m.). All procedures were in strict accordance with 
Chinese legislation on the use and care of laboratory 
animals and with guidelines established by the Institute 
for Experimental Animals of Henan University of 
Traditional Chinese Medicine. This study was approved 
by the committee for animal experiments of Henan 
University of Traditional Chinese Medicine.

2.2. Reagents

Catalpol with a purity of 99.5% according to high-
performance liquid chromatography (HPLC) was 
provided by Shanghai Jinsui Biotechnology Co., Ltd. 
(Shanghai, China). Reserpine with a purity of more than 
98% according to HPLC was purchased from Xi'an 
Senzhuo Biotech Co., Ltd. (Xi'an, Shanxi Province, 
China). Fluoxetine hydrochloride (FH) was purchased 
from Changzhou Siyao Pharmaceuticals Co., Ltd. 
(Changzhou, Jiangsu Province, China). 
 Mouse norepinephrine (NE), dopamine (DA), 
serotonin (5-HT), and 5-hydroxy-indoleacetic acid (5-
HIAA) enzyme-linked immunoassay (ELISA) kits 
were purchased from R&D Systems China Co., Ltd. 
(Shanghai, China).

2.3. Animal treatment protocol

Male mice were randomly divided into several groups 
of 10 mice each. Mice in the treated groups were 
orally administered catalpol (5, 10, or 20 mg/kg) or the 
positive drug FH (10 mg/kg) daily for 14 consecutive 
days by intragastric administration (i.g.). Mice in the 
vehicle group (i.e. not treated with catalpol) were 
orally administered (p.o.) 0.5% CMC-Na daily. A tail 
suspension test (TST), forced swim test (FST), open 
field test (OFT), and tests for reversal of reserpine-
induced ptosis, akinesia and hypothermia were used 
to observe the antidepressant-like effects of catalpol 
in mice 1 h after final administration. After the OFT, 
TST, and FST, animals were immediately sacrificed 
by cervical dislocation. Brain tissue was quickly 

removed and kept on ice to analyze levels of the central 
monoamine neurotransmitters NE, DA, and 5-HT and 
the 5-HT metabolite 5-HIAA.

2.4. Tail suspension test (TST)

The total duration of immobility induced by tail 
suspension was measured in accordance with the 
methods of Steru et al. (8). Acoustically and visually 
isolated mice were suspended 50 cm above the floor 
with adhesive tape placed approximately 1 cm from the 
tip of the tail. The duration of immobility was recorded 
during the last 4 min of the 6 min testing period. 
Mice were considered immobile only when they hung 
passively and they were completely motionless.

2.5. Forced swim test (FST)

The forced swim test was similar to tests described 
previously (9,10). The mice were indi-vidually placed 
in glass cylinders (height, 25 cm; diameter, 10 cm) 
containing 10 cm of water (22 ± 1°C). The duration of 
immobility was defined as the time the mouse spent 
without struggling, floating motionless or making only 
small movements necessary to keep its head above 
water during the last 4 min of the 6 min testing period. 
The water was replaced following each trial.

2.6. Open field test (OFT)

Locomotor activity was observed via a slightly 
modified form of the open field test (OFT) (11,12). 
Briefly, the locomotor activity of the mice was 
measured using a box (40 × 60 × 50 cm) with the floor 
divided into 12 identical squares illuminated with light 
from the ceiling. Mice were placed in the central square 
and the total number of squares entered was recorded 
for 3 min. The open field arena was cleaned following 
each trial.

2.7. Tests for reversal of reserpine-induced ptosis, 
akinesia, and hypothermia

Tests for reversal of reserpine-induced ptosis, akinesia, 
and hypothermia were in accordance with the methods 
of Qiu et al. (13). Mice were treated with reserpine (2.5 
mg/kg, i.p.) 1 h after the administration of catalpol. 
Three parameters of akinesia, the degree of palpebral 
ptosis, and the rectal temperature were recorded 4 
h after the administration of reserpine. The degree 
of palpebral ptosis was evaluated according to the 
following rating scale: 0, eyes open; 1, eyes one-quarter 
closed; 2, eyes half-closed; 3, eyes three-quarters 
closed; and 4, eyes completely closed. To measure 
akinesia, mice were placed in the center of a circle 
(diameter, 7.5 cm). The total time the mice remained 
within the circle during a 1 min period was measured.
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The effects of catalpol on reserpine induced ptosis, 
akinesia, and hypothermia are shown in Figure 3. 
Reserpine induced ptosis was 3.5 ± 0.3, akinesia was 

2.8. Measurement of monoamine neurotransmitter levels

Brain levels of NE, DA, 5-HT, and the 5-HT metabolite 
5-HIAA were measured with ELISA kits according 
to the manufacturer's protocols (14-16). The levels of 
NE, DA, 5-HT, and 5-HIAA were expressed as ng/
g in wet weight tissue. Sample preparation was as 
follows: 100 mg of tissue was rinsed with 1× phosphate 
buffered solution (PBS), homogenized in 1 mL of 1× 
PBS, and stored overnight at -20°C. After two freeze-
thaw cycles were used to rupture the cell membranes, 
the homogenates were centrifuged for 5 min at 5000× 
g, 4°C. The supernate was assayed and immediately 
removed. The sample was thawed and centrifuged again 
before measurement. Repeated freeze-thaw cycles were 
avoided.

2.9. Statistical analysis

All experimental data are expressed as the mean ± 
standard error of mean (SEM). Significant differences 
among experimental groups were compared using one-
way analysis of variance (ANOVA) followed by least 
significant difference (LSD) test (p < 0.05) using the 
Statistics Package for Social Science (SPSS) program 
Version 13.0.

3. Results

3.1. Catalpol shortens the duration of immobility in the 
TST and FST

The duration of immobility in the TST and FST was 
93.8 ± 4.9 s and 102.4 ± 6.8 s, respectively, for the 
vehicle group. Compared to the vehicle group, catalpol 
(5, 10, and 20 mg/kg, i.g.) significantly shortened the 
duration of immobility both in TST (Figure 1B) and in 
FST (Figure 1C). Fluoxetine hydrochloride (FH, 10 mg/
kg, i.g.) that was used as a positive control also caused 
a significant shortening of the duration of immobility in 
both the TST and FST (Figures 1B and 1C). There was 
no significant difference in the duration of immobility 
caused by a similar dose of catalpol or FH. Results 
indicated that catalpol causes antidepressant-like action 
and that catalpol is comparable to the positive drug FH.

3.2. Catalpol has no effect on locomotor activity

The effect of catalpol on the locomotor activity of mice 
is shown in Figure 2. The locomotion measured in 
the OFT was 80.3 ± 6.7 for the vehicle group. Neither 
catalpol nor FH affected locomotor activity at doses 
that significantly shortened the duration of immobility 
in the TST and FST.

3.3. Catalpol attenuates reserpine-induced ptosis, 
akinesia, and hypothermia

Figure 1. Chemical structure of catalpol (A), and its effect 
on the duration of immobility of mice in the tail suspension 
(B) and forced swim (C) tests. Data are expressed as the 
mean ± SEM (n = 10). Significant differences compared to 
the vehicle group were indicated by * p < 0.05 and ** p < 0.01.

Figure 2. Effect of catalpol on the locomotor activity of 
mice in the open field test. Data are expressed as the mean ± 
SEM (n = 10).

Figure 3. Effects of catalpol on reserpine induced ptosis, 
akinesia, and hypothermia in mice. Data are expressed as 
the mean ± SEM (n = 10). Significant differences compared 
to the vehicle group were indicated by * p < 0.05 and ** p < 
0.01.
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60 s, and hypothermia was 33.8 ± 0.1°C in the vehicle 
group. Compared to the vehicle group, catalpol (10, 
20 mg/kg) significantly decreased reserpine-induced 
ptosis and significantly counteracted reserpine-
induced hypothermia. Catalpol (5, 10, and 20 mg/kg) 
significantly reduced the duration of reserpine-induced 
akinesia in comparison to that in the vehicle group. 
FH (10 mg/kg) also significantly counteracted the 
hypothermia, ptosis, and akinesia induced by reserpine.

3.4. Catalpol increases levels of monoamine neuro-
transmitters and a major metabolite in mice

The effect  of  catalpol  on central  monoamine 
neurotransmitters and a major metabolite of 5-HT in 
mice is shown in Figure 4. The levels of 5-HT, 5-HIAA, 
NE, and DA in the brains of mice in the vehicle group 
were 280.3 ± 11.7, 92.2 ± 3.9, 134.7 ± 5.8, 168.8 ± 
7.6 ng/g, respectively. Compared to the vehicle group, 
catalpol (10, 20 mg/kg) treatment significantly increased 
the levels of 5-HT and 5-HIAA, but not NE or DA, in 
the brains of mice, while FH treatment significantly 
affected levels of NE, DA, 5-HT, and 5-HIAA.

4. Discussion

Both the TST and FST are widely used to screen drugs 
for antidepressant activity (8-10). In animals, immobility 
as a result of the forced swim and tail suspension is 
similar to human depression and is amenable to reversal 
by antidepressant drugs (8-10). These models are based 
on the despair or helpless behavior of animals in an 
inescapable situation or a confined space. Results from 
these models revealed that catalpol has significant 
antidepressant-like effects in a dose-dependent manner.
 In these behavioral tests, false-positive results 
are occasionally obtained with agents that stimulate 
locomotor activity (17). Therefore, the present study 
determined whether catalpol had excitatory or inhibitory 
action on the central nervous system. Catalpol had no 

effect on the spontaneous locomotor activity of mice, 
indicating that catalpol had no excitatory or inhibitory 
action on the central nervous system at the doses used. 
This rules out the possibility of false positive results 
on the TST and FST. Catalpol shortened the duration 
of immobility in the TST and FST; this is likely due 
to antidepressant-like action and not psychomotor-
stimulant action.
 Reserpine is  an antihypertensive drug that 
depletes neuronal storage granules of biogenic 
amines in the brains of rodents and that produces a 
clinically significant depression-like state (13). Mice 
become hypothermic, akinetic, and diarrhetic, with 
eyelid drooping, in response to reserpine. Reserpine 
irreversibly inhibits the vesicular uptake of monoamine 
neurotransmitters such as NA, DA, and 5-HT (13-
17). The symptoms are reversed by major classes of 
antidepressant drugs. The present results revealed that 
catalpol counteracts, in a dose-dependent manner, 
the ptosis, akinesia, and hypothermia induced by 
reserpine in mice. This indicates that catalpol has an 
antidepressant-like effect and may have an effect on 
monoamine neurotransmitters. Therefore, this study 
further explored the antidepressant action of catalpol 
by using ELISA to determine the levels of monamine 
neurotransmitters in the brains of mice. Results indicated 
that catalpol increased the levels of central 5-HT and 
its metabolite 5-HIAA but did not affect levels of NE 
and DA in mice, suggesting that the antidepressant-
like effects of catalpol may be mediated by the central 
serotonergic system and not by the noradrenergic or 
dopaminergic systems. 
 In conclusion, this is the first study to reveal that 
catalpol has an antidepressant-like effect in mice and 
that its action may involve upregulation of the central 
serotonergic system.
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1. Introduction

Dioscorea bulbifera L. is a medicinal plant distributed in 
the tropics and the subtropical zone of Asia. It is used in 
folk medicine to treat thyroid disease (especially goiter) 
and cancer, as well as some other syndromes involving 
"toxic heat," such as sore throat, struma (1,2). In spite of 
its unique clinical benefit, its potential toxicity has been 
an increasing concern to clinical doctors. D. bulbifera 
has been documented to cause intoxication and is lethal 
in animals and humans (3-5). It has been elucidated that 
the main toxic target organ of D. bulbifera is liver, and 
its exposure could lead to severe liver damage, including 

liver swelling, fatty degeneration, even animal death (3-
5). Intake of D. bulbifera has also been associated with 
high occurrence of jaundice or toxic hepatitis in humans 
(3). It is reported that diterpene lactones are the main 
hepatotoxins existing in the rhizome of D. bulbifera (6,7). 
So far, some structural analogues of diterpene lactones 
have been identified in D. bulbifera and of which the 
amount of diosbulbin B is the highest (8-10).
 Danggui, the dried root of Angelica sinensis (Oliv) 
Diels, is a commonly used medicinal herb. It can enrich 
blood, promote blood circulation and clinically is used to 
treat blood deficiency patterns and menstrual disorders 
such as dysmenorrhea and irregular menstrual cycles 
(11,12). In recent years, pharmacological research has 
focused on elucidating the antioxidative, anti-cancer 
and neuroprotective properties of A. sinensis (13-15). 
In addition, A. sinensis also showed a hepato-protective 
effect, especially its active component ferulic acid (16-
18). In the present study, we investigated the protection 

Summary Dioscorea bulbifera L., a traditionally used medicinal plant in China, is reported to 
induce hepatotoxicity. The present study is designed to investigate the protection of an 
ethanol extract of Angelica sinensis (Oliv) Diels (AE) against an ethyl acetate fraction of 
D. bulbifera (EF)-induced liver injury and its engaged mechanism. High performance 
liquid chromatography (HPLC) analysis showed that the amount of diosbulbin B in EF 
was 16.03% and ferulic acid in AE was 0.18%. EF (350 mg/kg) increased serum alanine/
aspartate aminotransferase (ALT/AST), alkaline phosphatase (ALP) activities and total 
bilirubin (TB) amount, while AE inhibited such an increase. Liver histological evaluation 
showed that AE prevented development of severe hepatic lesions induced by EF. Further 
results showed that EF decreased the expression of Bcl-2 and induced the cleaved activation 
of caspase-9 and -3, and all those effects were reversed by AE. AE also reversed EF-induced 
decreased expression of the inhibitor of kappa B (IκB), superoxide dismutase (SOD), and 
glutathione peroxidase (GPx). Taken together, our results demonstrate that AE can prevent 
EF-induced hepatotoxicity via preventing apoptosis, meanwhile IκB, SOD, and GPx may be 
involved in such protection.

Keywords: Dioscorea bulbifera L., Angelica sinensis (Oliv) Diels, hepatotoxicity, apoptosis, 
oxidative stress injury
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of the ethanol extract of A. sinensis (AE) against D. 
bulbifera (EF)-induced liver injury and its engaged 
mechanism.

2. Materials and Methods

2.1. Drugs and reagents

The rhizomes of D. bulbifera were collected in Qingyang, 
Anhui Province and authenticated by Prof. Shou-Jin Liu 
(Anhui College of Traditional Chinese Medicine, Anhui, 
China). The radixes of A. sinensis were purchased from 
Yanghetang drugstore (Shanghai) and authenticated by 
Associate Prof. Li-Hong Wu (Shanghai University of 
Traditional Chinese Medicine, Shanghai, China). The 
identified specimens were deposited in the herbarium 
of Institute of Chinese Materia Medica, Shanghai 
University of Traditional Chinese Medicine. Diosbulbin 
B and ferulic acid were purchased from Shanghai 
Tauto Biotech Co., Ltd. Methanol and acetonitrile 
(HPLC Grade) were purchased from Fisher Chemical. 
Antibodies against Bcl-2, caspase-9, caspase-3, IκB 
and β-actin were all purchased from Cell Signaling 
Technology (Danvers, MA, USA). Rabbit polyclonal 
antibody against superoxide dismutase (SOD) was 
purchased from Abcam (Cambridge, MA, USA). Mouse 
monoclonal antibody against glutathione peroxidase 
(GPx) was purchased from Santa Cruz (Santa Cruz, CA, 
USA). Peroxidase-conjugated goat anti-Rabbit IgG (H 
+ L) and anti-mouse IgG (H + L) were purchased from 
Jackson ImmunoResearch (West Grove, PA, USA). Pre-
stained protein marker was purchased from Fermentas 
(Burlington, Ontario, Canada). Nitrocellulose membranes 
were purchased from Bio-Rad (Hercules, CA, USA) and 
an enhanced chemiluminescence detection system was 
obtained from Millipore Corporation (Billerica, MA, 
USA).

2.2. Experimental animals

Specific pathogen free male ICR mice (18-22 g body 
weight) were purchased from the Chinese Academy of 
Sciences. The mice were fed with a standard laboratory 
diet and given free access to tap water, kept in a 
controlled room temperature (22 ± 1°C), humidity (65 
± 5%), and a 12:12-h light/dark cycle. All mice receive 
humane care in compliance with the institutional 
animal care guidelines approved by the Experimental 
Animal Ethical Committee of Shanghai University of 
Traditional Chinese Medicine.

2.3. Samples and preparation of extracts

Preparation of ethyl acetate fraction from D. bulbifera 
(EF): The powder was soaked in 80% ethanol (w/v = 
1:10) for 2 h at room temperature. The macerated plant 
material was extracted at 70-80°C and refluxed for 2 h, 

and then filtered through a cheese cloth. The residue was 
extracted as described previously (19). The combined 
filtrates were then evaporated to be free of alcohol using 
a rotary evaporator under reduced pressure at 50°C. The 
extracts were then partitioned with ethyl acetate to yield 
an ethyl acetate solution. After evaporation of solvents, 
an ethyl acetate fraction was achieved and stored in 70% 
ethanol. 
 Preparation of ethanol extract of A. sinensis (AE): 
The powder was soaked in 70% ethanol for 2 h at room 
temperature, and then percolated slowly until percolating 
liquid was colorless. Extracted liquid was evaporated 
using a rotary evaporator under reduced pressure at 
50°C and adjusted to 1 mg/mL of raw material with 70% 
ethanol.

2.4. HPLC analysis

Analysis was carried out on a HPLC instrument (Agilent) 
consisting of an autosampler, quaternary pump, column 
heater compartment and diode array detection (DAD) 
with an on-line degasser. Chromatographic separation 
was achieved on an ultimate ™XB-C 18 column for 
diosbulbin B and CAPCELL PAK C18 column for ferulic 
acid (4.6 × 250 mm, 5 μm). The mobile phase consisted 
of acetonitrile and water (v/v = 25:75) for diosbulbin B 
or acetonitrile and 0.085% phosphoric acid (v/v = 17:83) 
for ferulic acid with a flow rate of 1.0 mL/min. Column 
temperature was set at 25°C and detection was carried 
out by UV absorbance at 210 nm for diosbulbin B and 
323 nm for ferulic acid.
 To obtain a calibration curve for diosbulbin B or 
ferulic acid, standard solutions were prepared in a range 
of 7.8-250 μg/mL for diosbulbin B and 2.7-173.6 μg/
mL for ferulic acid on a column, and a 10 μL aliquot was 
injected. The samples were prepared and an aliquot (10 
μL) each was injected into the above system respectively. 
The contents of diosbulbin B and ferulic acid in the 
respective extract were obtained using the calibration 
curves.

2.5. Treatment protocol

Mice were orally pre-administered AE suspended in 
0.5% sodium carboxyl methyl cellulose (CMC-Na) (180, 
360, or 720 mg/kg per day) for 6 consecutive days. Four 
hours after the treatment with AE on the last day, a single 
dose of EF (350 mg/kg, suspended in 0.5% CMC-Na) 
was administered orally. 0.5% CMC-Na was used as 
vehicle control. Twenty-four hours later, blood samples 
were collected by extirpating the eyeball. Mice were 
then sacrificed; and their livers were removed for further 
research.

2.6. Serum biomarkers for liver injury

Blood samples obtained from mice of all groups were 
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1D and Figures 2B-2D, the amount of diosbulbin B in 
EF was 16.03% and ferulic acid in AE was 0.18% as 
determined by HPLC-DAD.

3.2. AE reversed EF-induced increase of ALT, AST, and 
ALP activities and TB amount

As shown in Figure 3, EF (350 mg/kg) increased 
serum ALT, AST, and ALP activities and TB amount 
as compared with control, while pretreatment with 
360 mg/kg, 720 mg/kg of AE could obviously inhibit 

allowed to coagulate for 2 h on ice. Serum was then 
isolated following centrifugation at 840 × g for 15 min. 
Serum alanine/aspartate aminotransferase (ALT/AST), 
alkaline phosphatase (ALP) activities and total bilirubin 
(TB) amounts were measured with kits purchased from 
Nanjing Jiancheng Bioengineering Institute (Nanjing, 
China) according to the manufacturer's instructions.

2.7. Histological examination

Portions of the liver were fixed in 10% formalin and 
embedded in paraffin. Samples were subsequently 
sectioned five micrometers thick and stained with 
hematoxylin-eosin (HE) for further histological 
analysis.

2.8. Western blot analysis

Liver tissue (approximately 25 mg) was homogenized in 
0.5 mL, ice-cold lysis buffer containing 50 mM Tris, pH 
7.5, 150 mM NaCl, 1 mM EDTA, 20 mM NaF, 0.5% NP-
40, 10% glycerol, 1 mM phenylmethylsulfonyl fluoride 
10 μg/mL aprotinin, 10 μg/mL leupeptin, 10 μg/mL 
pepstatin A and incubated on ice for 10 min. The liver 
homogenate was centrifuged at 10,000 × g for 20 min at 
4°C and protein concentration of the resulting supernatant 
was determined by the Bradford method. Two samples 
of each group were subjected to SDS-PAGE and then 
electrophoretically transferred onto a nitrocellulose 
membrane. Nonspecific binding was blocked for 1 h with 
5% non-fat milk in Tris-buffered saline Tween-20 (TBST) 
(10 mM Tris, pH 7.5, 100 mM NaCl, 0.1% Tween-20), 
and then blots were incubated with primary antibody and 
secondary antibody. Immunoblots were visualized using 
a chemiluminescent reagent. The densities of the bands 
were normalized using a corresponding β-actin density 
as an internal control.

2.9. Statistical analysis

All experimental data were expressed as mean ± 
standard error (S.E.). Significant differences were 
determined by One-Way ANOVA. p < 0.05 was 
considered as a statistically significant difference.

3. Results

3.1. HPLC analysis of plant extract

Our previous study showed that diosbulbin B is the 
main hepatotoxic chemical compound in D. bulbifera 
(19). Ferulic acid is the main active component in A. 
sinensis. Measurement of diosbulbin B and ferulic 
acid were used to control the quality of EF and AE 
extracts in the present study, respectively. The chemical 
structures of diosbulbin B and ferulic acid are shown 
in Figure 1A and Figure 2A. As shown in Figures 1B-

Figure 1. Chemical structure of diosbulbin B and the 
amount of diosbulbin B in EF. (A) Chemical structure 
of diosbulbin B. (B) Calibration curve of diosbulbin B. 
(C) HPLC chromatogram of diosbulbin B. (D) HPLC 
chromatogram of EF.

Figure 2. Chemical structure of ferulic acid and the amount 
of ferulic acid in AE. (A) Chemical structure of ferulic acid. (B) 
Calibration curve of ferulic acid. (C) HPLC chromatogram of 
ferulic acid. (D) HPLC chromatogram of AE.



www.biosciencetrends.com

BioScience Trends. 2014; 8(5):253-259. 256

such an EF-induced increase. In contrast, there were no 
significant differences in the activities of ALT, AST, and 
ALP and level of TB in mice treated with AE (720 mg/
kg) alone when compared with control.

3.3. Histological analysis of liver tissue

The livers from control mice appear normal (Figure 4a). 
In contrast to control mice, the mice treated with EF 
exhibited severe liver damage, indicated by intrahepatic 
hemorrhage, extensive infiltration of lymphocytes into 
liver tissue and serious destruction of liver structure 
(Figure 4b). Interestingly, AE strongly prevented the 
development of severe hepatic lesions induced by EF, 
indicated by decreased intrahepatic hemorrhage and 
infiltration of lymphocytes, and little destruction of 
liver structure (Figure 4c). In addition, there was not 
much difference between control and AE-treated groups 
(Figure 4d).

3.4. AE prevented EF-induced liver apoptosis

Bcl-2, a membrane protein, can prevent the release 
of pro-apoptotic factors from the mitochondrial outer 
membrane and thus suppress apoptosis (20). As shown 
in Figures 5A and 5B, EF treatment (350 mg/kg) 
resulted in a marked decrease in the level of Bcl-2, 
whereas AE pretreatment reversed such a decrease. 

 Our results in Figures 5A, 5C, and 5D indicated that 
the expression of pro-caspase-9 and -3 were decreased 
due to EF administration, while the cleaved fragments 
of caspase-9 and -3 were increased significantly. In 
contrast, the decreased levels of pro-caspase-9 and -3 
were increased and the elevated fragments of caspase-9 
and -3 were markedly decreased in the livers of mice 
pretreated with AE.

3.5. AE reversed EF-changed expression of SOD, GPx, 
IκB

Figure 3. Serum ALT, AST, and ALP activities and 
TB amount in EF-treated mice wi th or wi thout 
preadministration of AE. (A) Serum ALT and AST activities. 
(B) Serum ALP activity. (C) Serum TB amount. Data are 
shown as mean ± S.E. (n = 7-12). ** p < 0.01, *** p < 0.001 
versus control group, # p < 0.05, ## p < 0.01, ### p < 0.001, 
versus EF-treated group.

Figure 4. Liver histological evaluation of EF-treated mice 
with or without preadministration of AE. Liver sections 
were stained with hematoxylin-eosin. (a) Control group, (b) 
EF only group, (c) EF + AE (720 mg/kg) group, (d) AE (720 
mg/kg) group. Magnification, ×100.

Figure 5. The expression of Bcl-2, and the activation of 
caspase-9 and caspase-3 in livers of EF-treated mice with or 
without preadministration of AE. (A) Protein extracts from 
liver tissue were analyzed by SDS-PAGE and immunoblotted 
using Bcl-2, caspase-9, capase-3 and β-actin antibodies, 
respectively. The result represents one of three separate 
experiments, and the level of β-actin was used as loading 
control. The bands of Bcl-2 (B), Pro- and Cleaved caspase-3 
(C) and Pro- and Cleaved caspase-9 (D) were normalized to 
basal β-actin expression and the vehicle control is set as 100%. 
Data are shown as means ± S.E., and the results represent three 
separate experiments. * p < 0.05, ** p < 0.01, *** p < 0.001 
versus control, # p < 0.05, ## p < 0.01 versus EF-treated group.
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As shown in Figures 6A and 6C, EF decreased IκB 
expression as compared to control, while such a 
decrease was reversed in mice pretreated with AE. 
In addition, we also detected the expression of two 
antioxidant-related enzymes SOD and GPx. The 
results in Figures 6A and 6B showed that the decreased 
expression of SOD and GPx induced by EF was 
reversed by the pretreatment with AE.

4. Discussion

The elevation of ALT, AST, ALP, and TB is the 
diagnostic indicator for acute liver injury (21). As 
shown in Figure 3, AE can prevent EF-induced liver 
injury, as indicated by the decreased ALT, AST, and 
ALP activities and the TB amounts which are increased 
after EF treatment. Histological analysis further 
confirmed the protection of AE against EF-induced 
liver injury (Figure 4). There are some reports about 
the protection of A. sinensis and its main compound 
ferulic acid against liver injury (16-18). In addition, 
our previous study demonstrated that ferulic acid can 
prevent diosbulbin B-induced liver injury in tumor-
bearing mice (22). The present results demonstrate 
that A. sinensis prevented liver injury induced by D. 
bulbifera, and ferulic acid may be the active compound 
in A. sinensis.
 Apoptosis is the process of programmed cell death 
which occurs during animal development and tissue 
homeostasis, and plays an important role in a variety of 
physiological and pathological processes (23). There are 
two major pathways during the initiation of apoptosis: 
the extrinsic pathway and the intrinsic pathway. The 

extrinsic pathway is related to death receptors, while 
the intrinsic pathway involves mitochondria: the release 
of pro-apoptotic factors from the mitochondrial outer 
membrane and subsequent activation of downstream 
caspase-9, finally resulting in activation of downstream 
executioner caspase-3 (24,25). Our results showed 
that EF down-regulated the expression of Bcl-2, pro-
caspase-9, pro-caspase-3, while increased the expression 
of cleaved caspase-9 and caspase-3. In contrast, such 
phenomena were all reversed in the livers of mice 
pretreated with AE (Figure 5). All these results suggest 
that AE prevents EF-induced apoptotic liver injury. 
 Many studies have demonstrated that reactive 
oxygen species (ROS) play an important role in various 
hepatotoxin-induced liver injuries (26-28). The body 
has an effective defense mechanism to prevent and 
neutralize the free radical-induced damage. Hepatic 
cellular oxidative stress often takes place during the 
lack of antioxidants. SOD and GPx, two endogenous 
antioxidant enzymes, play important roles in the defense 
against ROS (29). SOD can efficiently and specifically 
catalyze dismutation of O2•− to O2 and H2O2, while 
GPx catalyzes the further decomposition of H2O2 using 
reduced glutathione as a substrate (30,31). The results 
show that EF down-regulated the expression of SOD 
and GPx, while AE prevented such a decrease. The 
results suggest that A. sinensis can elevate antioxidant 
capacity to counteract with D. bulbifera-induced liver 
injury.
 IκB is an inhibitory protein, and it inhibits the 
transcription of nuclear factor κB (NF-κB), which plays 
a pivotal role in inflammatory and immune responses 
(32-34). There are already reports that immune 
dysfunction is involved in alcohol and various drug-
induced liver injuries, of which IκB/NF-κB plays an 
important role (35,36). As shown in Figure 6C, AE can 
reverse EF-induced decrease of IκB expression. The 
decrease of IκB protein will lead to the activation of 
NF-κB, and our result indicates that the IκB/NF-κB 
signal pathway may also be involved in the protection 

Figure 7. Schematic diagram of mechanism involved in 
EF-induced liver injury and AE's target(s) of protective 
action.

Figure 6. The expression of IκB, SOD, and GPx in livers 
of EF-treated mice with or without preadministration of 
AE. (A) Protein extracts from liver tissue were analyzed by 
SDS-PAGE and immunoblotted using IκB, SOD, GPx, and 
β-actin antibodies, respectively. The result represents one of 
three separate experiments, and the level of β-actin was used 
as loading control. The bands of SOD and GPx (B), IκB (C) 
were normalized to basal β-actin expression and the vehicle 
control is set as 100%. Data are shown as means ± S.E., and the 
results represent three separate experiments. ** p < 0.01, *** p < 
0.001 versus control, # p < 0.05, ### p < 0.001 versus EF-treated 
group.
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of A. sinensis against the hepatotoxicity induced by D. 
bulbifera.
 In the present study we found that A. sinensis 
prevented the hepatotoxicity induced by D. bulbifera 
via inhibiting apoptosis, meanwhile two important 
antioxidant enzymes SOD and GPx, and IκB may be 
involved in such protection (Figure 7).
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1. Introduction

Titanium and its alloys are used for dental implants 
because of their low toxicity, low corrosion rate, 
favourable mechanical properties and excellent 
biocompatibility (1). However, bone loss often occurs 
in the alveolar crest surrounding the dental implants, 
and a stable biochemical connection between the neck 
part of the implant and gingival tissue is difficult to 
achieve. These findings can be attributed to the lack of 
natural biological width and functionally oriented fibre 
(2-4).
 The formation of a firm soft tissue barrier around 

the dental implant neck is considered important to 
prevent bacterial invasion (5). To control plaque 
formation around the neck, most current designs for this 
region are mechanically machined to achieve a smooth 
surface, which facilitates the proliferation of epithelial 
cells. However, unlike the orientation perpendicular to 
the natural teeth surface, the orientation of the collagen 
fibres in the connective tissue was found to be parallel 
to the implant surface (6,7), which may cause epithelial 
down growth after the implants have been inserted (8).
 To resolve these issues, an on-going goal in 
bioengineering is to modify titanium implant surfaces 
and establish the bionic attachment of peri-implant soft 
tissues in the neck region. A coating for the neck that 
can help reduce plaque accumulation and form a good 
seal would be desirable (9,10). Several studies have 
revealed that the micro-roughening of surfaces not 
only inhibits the formation of plaque but also facilitates 
the growth of epithelial cells and fibroblasts (11). The 
anchor-shaped structure formed by cellular processes 
and that extends into the pores on the material 

Summary This study aims to find an optimal method for modifying the neck of dental implants for 
gingival attachment through in vitro investigations of the biological features of various 
anodised TiO2 films. The titanium sheets were divided into four groups: a control group 
and three test groups classified according to the anodisation voltage (Group 150 V, Group 
180 V or Group 200 V).The surface microstructure and crystal structure were observed 
using scanning electron microscopy and X-ray diffraction. The protein adsorption ability, 
antibacterial activity and cell adhesion ability were tested to examine the biological 
properties of the materials in vitro. Microscopic grooves were observed in the control 
group, whereas the test groups contained numerous pores. Group 180 V and Group 200 
V showed higher protein adsorption ability (p < 0.05), whereas Group 150 V and Group 
180 V exhibited better antibacterial activity (p < 0.05). Higher cell concentrations of L929 
were observed in Group 180V and Group 200 V than in the other two groups (p < 0.05), 
which indicated that the TiO2 films formed at 180 V promote protein adsorption and 
enhance fibroblast growth while inhibiting bacterial adhesion. These results indicate that 
anodisation positively affects the formation of a biological seal in the neck region of dental 
implants.
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effectively inhibits the migration of the junctional 
epithelium to the root square (12,13).
 To obtain this type of micro-roughened surface, 
several techniques, such as anodic oxidation, plasma 
spraying, ion planting, sol-gel, sputtering and chemical 
vapour deposition (14,15), have been used to produce 
oxide films on titanium and its alloys. Among these 
methods, anodic oxidation treatment, which can be 
readily applied to implants with irregular and complex 
surface geometries (16), has become more attractive 
in recent years. Moreover, a porous TiO2 layer can be 
obtained at low temperatures, and the morphology and 
crystallinity of the oxides can be well controlled by 
changing the voltage, current density and electrolyte 
(17-19).
 In this study, anodic oxidation was adopted to form 
a porous film with different pore sizes on titanium 
surfaces. The aim of this study was to create a desirable 
interface that not only enhances the connection between 
the host and implant but also inhibits microbial adhesion.

2. Materials and Methods

2.1. Sample preparation

Commercially pure titanium of ASTM grade 2 (99.9% 
Ti, Northwest Institute for Nonferrous Metal Research, 
Shanghai, China) was cut into 10-mm diameter sheets 
with a thickness of 1 mm. The sheets were carefully 
ground with Nos. 400, 600, 800, 1000, and 1200 SiC 
paper and were subsequently cleaned ultrasonically 
with pure acetone, ethanol and distilled water for 5 min.
 The titanium sheets were divided into four groups: a 
control group, which consisted of the sheets processed 
using only the previously described steps, and three test 
groups classified according to the anodising voltage 
(Group 150 V, Group 180 V or Group 200 V). Anodic 
oxidation was performed at room temperature with 
a direct-current supply system (QUERLI DC power 
supply WYJ-500 V 1 A, China). A titanium sheet was 
used as the anode, and a titanium plate (20 mm × 20 
mm × 1 mm) served as the cathode. A sodium acetate 
solution (1 mol/L) was used as the electrolyte, and 
three final voltages (150 V, 180 V and 200 V) were 
adopted to form a porous film on the titanium surface. 
The current density was 50 mA/cm2, and the time at the 
final voltage was 2 min.

2.2. Surface characterisation

The surface microstructure, elemental composition 
and crystal structure of the titanium oxide films were 
observed using scanning electron microscopy (SEM, 
Hitachi, S-4800, Tokyo, Japan), energy dispersive X-ray 
spectroscopy (EDS, Hitachi, S-4800, Tokyo, Japan) 
and X-ray diffraction (XRD, X'Pert, PANalytical B.V., 
Almelo, Netherlands).

2.3. Protein adsorption ability

A bicinchoninic acid (BCA) protein assay (20) was 
adopted to measure the concentration of the proteins. 
Samples were placed in a 16-well cell culture plate. 
Approximately 1 mL of standard bovine serum albumin 
(BSA, 2 mg/mL) was added into each well, and the 
plate was placed on a thermostatic horizontal shaker 
for 2 h (50 rpm, 20°C). According to the Lambert-Beer 
law, the absorbance of a solution can be evaluated by 
its concentration at a given wavelength of light (21). 
Therefore, the optical density (OD) of the supernatant 
was measured at 562 nm using a spectrophotometer 
(TECAN SpectrofluorPlus); the concentration of 
the corresponding BSA solution was subsequently 
calculated, and the protein adsorption quantity of 
different surfaces was obtained.

2.4. Antibacterial activity

A modified antibacterial drop-test (22) was used to 
study the antibacterial activity of the samples. As the 
predominant bacterial flora in healthy peri-implant 
sulci, Streptococcus mutans (23) (S. mutans, ATCC 
25175, provided by the State Key Laboratory of Oral 
Diseases, West China Hospital of Stomatology, Sichuan 
University) were chose and cultivated in brain-heart 
infusion (BHI) broth and anaerobically cultured (37°C, 
80% N2, 10% CO2, 10% H2) for 24 h. The bacteria-
containing broth was centrifuged at 2,700 rpm for 10 
min. The supernatant was discarded, and the bacteria 
were washed three times with phosphate-buffered saline 
(PBS). The bacteria were then resuspended in PBS at a 
concentration of 1 × 106 cfu/mL. All glassware and disk 
samples were sterilised with ultraviolet irradiation for 
1 h beforehand. The bacterial suspension (1 mL) was 
added dropwise using a dispenser onto the surface of 
each sample in a 16-well plate, followed by incubation 
at 37°C for 24 h without stirring. After this period, the 
samples were washed three times with PBS and then 
resuspended in 4 mL PBS using ultrasonic vibration for 
5 min at room temperature. The bacterial suspension was 
diluted 10,000-fold, and a 30-μL bacterial suspension of 
each sample was dropped onto the BHI solid medium to 
obtain a colony count after 48 h of incubation.

2.5. L929 fibroblast adhesion

L929 mouse fibroblasts (provided by the State Key 
Laboratory of Oral Diseases, West China Hospital 
of Stomatology, Sichuan University) were cultivated 
in Dulbecco's Modified Eagle Medium (DMEM) 
containing 10% foetal bovine serum (FBS) and 1% 
penicillin/streptomycin. An L929 fibroblast monolayer 
was formed, which was passaged upon confluence 
using trypsin (0.5% w/v in PBS). The cells were 
subsequently harvested from the culture by immersion in 
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The surface processed by anodic oxidation at 150 V 
(Figure 1B) no longer showed visible scratches, and 
the surface consisted of randomly scattered pits and 
holes; diameters were approximately 100 nm to 3 μm. 
The surface subjected to an applied voltage of 180 V 
(Figure 1C) became uniform and was overlaid with 
densely distributed pores with sizes that ranged from 2 
μm to 7 μm.The size of the pores did not change when 
the applied voltage was increased to 200 V (Figure 
1D). Several larger-sized pores appeared, most likely 
because of the interconnection of some pores with each 
other (24). EDS analysis showed no contamination on 
any of the groups of disks (Figure 2).
 Figure 3 shows the XRD patterns of the control 
group and the test groups. For the control group, only 
the peaks of titanium were observed. The XRD pattern 
of the surface treated with an applied voltage of 150 
V indicated the presence of anatase phase, and the 
intensity of the anatase phase continued to increase until 
180 V. The peaks of the rutile phase appeared in the 
pattern of the sample treated at 180 V, and the intensity 
of the corresponding peaks continued to increase as the 
anodisation voltage was increased from 180 V to 200 
V, whereas the intensity of the peaks from the anatase 
phase and the titanium substrate decreased.
 Starting with the growth of the amorphous TiO2 
(25), the formation of the anodic titanium oxides is 

trypsin solution for 5 min. The cells were centrifuged, 
and the supernatant was discarded. DMEM (3 mL) 
supplemented with serum was added to neutralise any 
residual trypsin, and then the cells were resuspended in 
serum-supplemented DMEM at a concentration of 1 × 
104/mL. Afterward, the cells were cultivated in 5% CO2 
at 37°C.
 The L929 cells were seeded onto different disk 
surfaces, and after a 24 h incubation, the sample 
surfaces were washed with PBS solution to remove 
loosely adsorbed cells. Cell fixation was performed 
with 4% glutaraldehyde in PBS for 4 h at 4°C, followed 
by dehydration with 25%, 50%, 70% and 95% (v/v) 
ethanol solutions for 15 min and final dehydration in 
absolute ethanol twice. The surfaces with immobilised 
cells were dried in supercritical carbon dioxide and 
were subsequently observed by SEM.

2.6. Statistical analysis

Statistical calculations were performed using the SPSS 
17.0 software package. The differences were considered 
significant if the probability value was less than 5% (p 
< 0.05). SKEW and KURT tests were initially used to 
test the data for normality. A Levene test was conducted 
to examine the homogeneity of variance for multiple 
samples. Normally distributed data were expressed 
as the mean and standard deviation. For three-group 
comparisons, one-way ANOVA and Dunnett's t-test 
were used.

3. Results and Discussion

3.1. Surface characterisation

Figure 1 illustrates the surface SEM micrographs of 
the control samples and the samples anodised in 1M 
CH3COONa for 2 min at different voltages. The surface 
of the control group showed scratches and grooves 
formed during mechanical grounding (Figure 1A). 

Figure 1. SEM images. (A) The control group, (B) Group 
150 V, (C) Group 180 V and (D) Group 200 V.

Figure 2. EDS graph of the anodic oxidation group.

Figure 3. XRD graph. (A) The control group, (B) Group 150 
V, (C) Group 180 V and (D) Group 200 V.
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a process of competition between the deposition of 
the titanium oxides layer and the dissolution of that 
layer by the electrolyte (26). As the applied voltage 
is increased, the anodic oxidised film breaks down 
locally and porous regions become obvious because 
of the dielectric breakdown (27). According to our 
previous study (25), when the substrates were anodised 
in CH3COONa electrolyte, spark discharges were 
observed on their surfaces beginning at ~135V; these 
discharges became more intense at higher anodising 
voltages. This behaviour accounts for the porous 
surface at 150 V observed by SEM. Meanwhile, spark 
discharges led to instantaneous, local high temperatures 
and pressures (28), so the initially produced amorphous 
titania was converted into the crystalline phases (29). 
The anatase structure was formed at the beginning and 
then transformed into the rutile phase with increasing 
voltage, which was consistent with the XRD results.
 Among the three phases of titanium dioxide, rutile 
is known to be the most dense and stable phase and 
to exhibit the highest resistance to dissolution (26). 
As shown by the SEM results, the pore size and the 
porosity increased when the applied voltage was 
varied from 150 V to 180 V due to the growing field-
assisted and chemical dissolution (16). However, as 
additional rutile formed during the crystallographic 
transformation, the dissolution resistance continued to 
increase, which led to similar pore sizes and porosities 
of the samples treated at 180 V and 200 V.

3.2. Protein adsorption ability

Figure 4 shows that the control sample exhibited 
presented the poorest adsorbing ability for proteins 
and that the protein adsorption ability increased as 
the applied voltage was increased from 150 V to 180 
V. As the applied voltages increase, the thickness, 
surface roughness and porosity of the anodised 
TiO2 layer increase (27), which, in turn, increase the 
biocompatibility and improve the protein adsorption 
ability (26). In addition, compared with rutile and 
amorphous titanium, anatase exhibits better bioactivity 
(30,31). Therefore, due to the decrease in the amount 
of anatase on the surface anodised at 200 V, the protein 

adsorption ability did not obviously change between 
Group 180 V and Group 200 V.

3.3. Antibacterial activity

The S. mutans colonies found on the culture were counted, 
and no significant difference in bacterial adherence was 
observed between the control group and Group 200 V or 
between Group 150 V and Group 180 V. The quantities 
of bacterial colonies observed in the control group and 
Group 200 V were much greater than those observed in 
Group 150 V and Group 180 V (Figure 5). 
 In the case of an applied voltage of 150 V, the 
increased antibacterial activity was attributed to the 
increase in the high photocatalytic crystalline phase 
of anatase (22,32). Although the amount of anatase 
structure continued to increase in samples treated up 
to 180 V, the appearance of the rutile phase, which 
decreases the photocatalytic activity of the TiO2 film 
(22), made the antibacterial activity of the sample 
treated at 180 V almost the same as that treated at 150 V. 
In the case of the sample treated at an applied voltage 
of 200 V, in which the amounts of rutile and anatase 
increased and decreased, respectively, the antibacterial 
activity decreased sharply.

3.4. L929 growth

L929 fibroblasts were seeded onto the sample surface. 
After 24 h (26), some of the L929 fibroblasts started to 
develop pseudopods, and some fibroblasts spread out 
on the TiO2 films, appearing in fusiform, polygonal and 
triangular shapes (Figure 6). As shown in the inset of 
Figure 6C, a single cell could be clearly observed to 
spread out its body and interlock to the porous surface 
with filopodia, whereas the cellular form and linkage 
were obscure in the control group. Furthermore, the 
cell concentration on the uncoated titanium surface was 
obviously lower than on the other surfaces, and the cell 
concentrations on the titanium surfaces anodised at 180 
V and 200 V stood out, which can be attributed to the 
enhanced biological performance of the anodised TiO2 
surfaces (33).
 It's widely accepted that application of the porous 

Figure 4. Amount of bovine serum albumin (BSA) 
adsorbed onto different surfaces. (a, b, c) Different letters 
indicate a significant difference at p < 0.05.

Figure 5. Number of Streptococcus mutans colonies that 
adhered to the different surfaces. (a, b) Different letters 
indicate a significant difference at p < 0.05.



www.biosciencetrends.com

BioScience Trends. 2014; 8(5):260-265. 264

surface can greatly improve the outcome of cell 
seeding (34), just in accordance with the significant 
higher cell concentration on the titanium surfaces of 
the test groups. Squier et al. (8), on the basis of an in 
vitro study, suggested that 3 μm is the minimum pore 
size that permits penetration of the connective tissue, 
thus, the collagen fibres are oriented perpendicularly 
to the implant surface and epithelial downgrowth is 
markedly restricted when the pore sizes are larger than 
3 μm. Therefore, we determined that a greater cell 
concentration results in a fully spread-out morphology 
and that the obvious anchorage on the titanium 
surfaces anodised at 180 V or 200 V may be the result 
of the adequate pore sizes formed at these voltages. 
In addition, as the protein adsorption ability of the 
materials acts as the base to support cell adhesion and 
proliferation (26), the bacterial adhesion performances 
were consistent with the protein adsorption results.

4. Conclusion

The porous TiO2 films formed through anodisation 
at 180 V promote the adsorption of proteins, inhibit 
bacterial adhesion and enhance fibroblast growth, 
which indicates that anodisation positively affects 
biological seal formation in the neck region.
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1. Introduction

Hepatocellular carcinoma (HCC) is the second leading 
cause of cancer deaths worldwide, with an estimated 

global incidence of 782,000 new cases and nearly 
746,000 deaths in 2012 (1). HCC is prevalent in 
Eastern and South-Eastern Asia, with an incidence of 
31.9/100,000 and 22.2/100,000, where the major risk 
factor is hepatitis B virus (HBV) (2). Of particular 
note is the fact that China alone accounts for 50% of 
HCC cases worldwide, with a total prevalence of 26-
32/10,000 and a prevalence as high as 70-80/10,000 in 
some areas (3,4).
 While imaging diagnostic tools are widely used 
in Western countries, the serum biomarkers are still 

Summary This study aimed to investigate the clinical utility of simultaneous measurement of alpha-
fetoprotein (AFP) and des-γ-carboxy prothrombin (DCP) for hepatocellular carcinoma 
(HCC) diagnosis in Chinese patients predominantly caused by hepatitis B virus infection 
by a multi-center case-controlled study. Subjects were 1,153 individuals from three major 
hospitals in China, including 550 cases in HCC group, 164 in Malignant disease group, 182 
in Benign disease group, 85 in Chronic liver disease group, and 173 in Normal group. Serum 
levels of AFP and DCP were measured and clinicopathological features were determined 
for all subjects. Results showed that the levels of DCP and AFP were significantly higher in 
HCC group (550 patients, 74.18% with HBV infection) than that in other four groups (P < 
0.001). Receiver operating curves (ROC) indicated the optimal cut-off value was 86 mAU/
mL for DCP with a sensitivity of 71.50% and specificity of 86.30%, and 21 ng/mL for AFP 
with a sensitivity of 68.00% and specificity of 93.20%. The area under ROC curve was 0.846 
for DCP, 0.832 for AFP, and 0.890 for the combination of DCP and AFP. The combination 
of DCP and AFP resulted in a higher Youden index and a sensitivity of approximately 90%, 
even for small tumors. The simultaneous measurement of AFP and DCP could achieve a 
better sensitivity in diagnosing Chinese HCC patients, even for small tumors.

Keywords: Serum biomarker, des-γ-carboxy prothrombin (DCP), alpha-fetoprotein (AFP), 
sensitivity, specificity
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regarded as useful tools for HCC early diagnosis in 
Asian countries. In China, alpha-fetoprotein (AFP) is 
the serum biomarker most widely used in HCC early 
diagnosis (5), and its clinical usefulness was confirmed 
by a randomized controlled trial of 18,816 Chinese 
patients in 2004 (6). However, AFP levels are normal 
in up to 40% of patients with HCC, particularly during 
the early stage of the disease (low sensitivity) (7,8), and 
elevated AFP levels are seen in patients with cirrhosis 
or exacerbation of chronic hepatitis (low specificity) 
(9,10). Furthermore, some studies have indicated that 
AFP has substantially limited diagnostic accuracy in 
detecting small HCC (11). Thus, other reliable serum 
biomarkers need to be identified to complement AFP in 
order to improve clinical outcomes for patients.
 Worldwide, a number of studies have looked at 
des-γ-carboxy prothrombin (DCP), also known as 
prothrombin induced by vitamin K absence-II (PIVKA-
II). Numerous studies have found that the combined 
testing of DCP and AFP has a sensitivity of 47.5-
94.0% and a specificity of 53.3-98.5% in HCC early 
diagnosis, and these figures are higher than those for 
either marker alone (12-16). In Japan, DCP and AFP are 
widely and routinely used as serum biomarkers in HCC 
surveillance and diagnosis, which benefit the early 
diagnosis in more than 60% of patients (17). However, 
DCP is currently approved for use in Japan, South 
Korea, and Indonesia (18), yet has not been widely used 
in China. Furthermore, unlike in Japan and Western 
countries, the main etiological factor for HCC in China 
is chronic infection with HBV, which accounts for 85% 
of all cases. In order to assess the diagnostic value 
of DCP in Chinese patients with HCC, two studies 
published in 2002 (involving 60 patients with HCC and 
30 patients with cirrhosis) (19) and 2003 (involving 120 
patients with HCC and 90 patients with cirrhosis) (20) 
have indicated that the combined testing of DCP and 
AFP had a sensitivity of 78.3%, which is higher than 
that for DCP or AFP alone. However, the two studies 
were small in scale, the multiple-center studies of larger 
pools of serum samples from patients with HCC need 
to be conducted to provide further validation.
 Given the rising incidence of HCC in China and 
the lack of substantial data on DCP's role as a serum 
biomarker in HCC diagnosis in Chinese patients, we 
conducted this large-scale, multi-center case-controlled 
study to further investigate the clinical utility of 
simultaneous measurement of AFP and DCP for HCC 
diagnosis in Chinese patients.

2. Materials and Methods

2.1. Study population

The subject pool consisted of 1,153 cases from the 
Hepato-Biliary-Pancreatic Surgery Division at the 
Southwest Hospital of the Third Military Medical 

University, the Tianjin Medical University Cancer 
Hospital, and the 302 Military Hospital of China 
between 2001 and 2012. This study was approved by 
institutional review boards, and clinicopathological 
information on each subject was collected. Five groups 
of consecutive subjects were enrolled: 1) HCC group, 
which involved HCC patients proved by pathology after 
hepatic resection; 2) Malignant disease group, which 
involved patients with non-HCC malignant disease of 
the liver, bile ducts, or pancreas, including carcinoma 
of the gallbladder, cholangiocarcinoma, and pancreatic 
carcinoma; 3) Benign disease group, which involved 
patients with benign disease of the liver, bile ducts, or 
pancreas, including cholangiolithiasis, cholecystitis, 
hepatic cysts; 4) Chronic liver disease group, which 
involved patients with progressivity of hepatitis or liver 
cirrhosis; and 5) Normal group, which involved normal 
healthy subjects without risk factors for viral hepatitis. 
Among a total of 1,153 cases, 876 cases (75.98%) were 
male and 277 (24.02%) were female, with a median 
age of 46 years (range: 12-83 years). None of cases 
received vitamin K during the week prior to inclusion 
in this study.

2.2. Serological detection of DCP and AFP

Serum DCP levels were measured with an electro-
chemiluminescence immunoassay using a highly 
sensitive DCP determination kit (ED036, Eisai, 
Tokyo, Japan) in accordance with the manufacturer's 
instructions. The range of detection was 10-200,000 
mAU/mL. Serum AFP levels were tested using a 
commercial ELISA kit in accordance with instructions 
from the manufacturer (Biocell Biotech, Zhengzhou, 
China). For patients undergoing surgery, blood samples 
for measurement of DCP and AFP were obtained a 
week before surgery. Blood samples were spun, serum 
aliquoted, and stored at -80°C until testing. All testing 
was conducted at the Southwest Hospital of the Third 
Military Medical University by the same group of 
laboratory technicians, and none of technicians was 
informed of the subject's status prior to testing.

2.3. Data collection and analysis

Clinicopathological variables of age, gender, HBsAg, 
anti-HCV, levels of DCP and AFP, tumor size, and 
histological pathology were examined. 
 Continuous variables were expressed as median 
(range) and compared between groups using the 
Wilcoxon rank-sum test. Categorical data were 
compared using the χ2 test. Descriptive statistics for 
the transformed marker were compared using box plots 
and then using analysis of variance. Youden's index 
was calculated as an index of sensitivity and specificity. 
To determine the optimal cut-off values for DCP and 
AFP to diagnose HCC, receiver operating characteristic 

267



www.biosciencetrends.com

BioScience Trends. 2014; 8(5):266-273. 268

group, and 34.68% of subjects in Normal group had 
elevated DCP levels. When using a cut-off value of 10 
ng/mL as the upper limit of normal reported in Chinese 
subjects, 74.80% of patients in HCC group, 20.83% of 
patients in Malignant disease group, 12.50% of patients 
in Benign disease group, 28.24% of patients in Chronic 
liver disease group, and 30.06% of subjects in Normal 
group had elevated AFP levels (Figure 2).

3.2. Optimal cut-off values for DCP and AFP in 
differentiating patients with HCC from the other four 
groups of subjects studied

ROC curves were plotted to identify a cut-off value 
that would best distinguish patients with HCC from 
the other four groups of subjects. As shown in Figure 
3, the optimal cut-off value for DCP was 86 mAU/ml, 
which yielded a sensitivity of 71.50% and specificity 

(ROC) curves were created using all possible cut-
offs for each assay. A bivariate normal distribution for 
the two markers was assumed. A 2-tailed p value of < 
0.05 was used to determine statistical significance. All 
statistical analyses were performed using the statistical 
software package SPSS® version 22.0 for Windows® 
(SPSS, Chicago, Illinois, USA).

3. Results

3.1. Baseline characteristics

As shown in Table 1, there were 550 cases in HCC 
group, 164 in Malignant disease group, 181 in Benign 
disease group, 85 in Chronic liver disease group, and 
173 in Normal group.
 For the 550 patients with HCC, 74.18% (408 patients) 
were infected with HBV, which was significantly 
higher than that in patients with malignant disease and 
patients with benign disease (P < 0.001). Chronic liver 
disease group included 79 patients who were positive 
for HBsAg. Of 1,153 subjects in total, only 17 patients 
were positive for anti-HCV antibodies (10 cases in HCC 
group, 1 in Benign disease group, and 6 in Chronic liver 
disease group). 
 The median levels of DCP and AFP in patients with 
HCC were 516.50 mAU/mL (range: 10-200,000 mAU/
mL) and 237.40 ng/mL (range: 0.24-1,939,000 ng/mL), 
which were significantly higher than those in the other 
four groups of subjects (P < 0.001) (Table 1). There 
was no significant correlation between serum levels of 
DCP and AFP (R2 = 0.154) (Figure 1). When a cut-off 
value of 40 mAU/ml, reported to be the upper limit of 
normal for Japanese subjects (21), was used, 82.91% of 
patients in HCC group, 38.31% of patients in Malignant 
disease group, 27.75% of patients in Benign disease 
group, 61.18% of patients in Chronic liver disease 

Table 1. Laboratory results for fi ve groups of subjects

Items

Median age (range) (year)
Gender (male / female)
HBsAg
    Positive (cases)
Anti-HCV
    Positive (cases)
DCP level (mAU/mL)
    Median
    Minimum
    Maximum
AFP level (ng/mL)
    Median
    Minimum
    Maximum

HCC
group

(n = 550)

51 (15-82)
480 / 70

408

10

516.50
< 10.00

> 200,000.00

237.40
0.24

1,939,000.00

Malignant
Disease group

(n = 164)

56 (31-83)
110 / 54

43†a

0

27.93
< 10.00

48,193.50

2.81
0.20

3,098.00

* HBsAg results were missing for 11 patients; †a including 6 patients with HBV-related cirrhosis proven by pathology, †b including 20 patients with 
HBV-related cirrhosis proven by pathology; ‡ including 1 patients with HCV-related cirrhosis proven by pathology. ** patients with HCC vs. the 
other four groups of subjects, respectively.

Benign disease
group

(n = 181*)

50 (12-83)
84 / 97

44†b

1‡

20.00
< 10.00

129,297.83

2.30
0.20

1,082.20

Chronic liver
disease group

(n = 85)

32 (22-46)
70 / 15

79

6

48.78
22.20
178.78

7.00
1.00
25.00

Normal
group

(n = 173)

28 (21-46)
132 / 41

0

0

29.91
< 10.00
104.97

6.00
0.00
30.00

P**

< 0.001

< 0.001

< 0.001

Figure 1. The correlation between serum levels of DCP 
and AFP (R2 = 0.154).
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of 86.30%; the optimal cut-off value for AFP was 21 
ng/mL, which yielded a sensitivity of 68.00% and 
specificity of 93.20%. The area under the ROC curve 
was 0.846 (95% CI, 0.794-0.863, P < 0.001) for DCP, 
0.832 (95% CI, 0.817-0.879, P < 0.001) for AFP, 
and 0.890 (95% CI, 0.869- 0.911, P < 0.001) for the 
combination of DCP and AFP.
 When using DCP with the cut-off value of 86 mAU/
ml, 71.45% of patients in HCC group, 22.08% of 
patients in Malignant disease group, 15.61% of patients 
in Benign disease group, 11.76% of patients in Chronic 
liver disease group, and 5.20% of subjects in Normal 
group had elevated DCP levels. 
 When using AFP with the cut-off value of 21 ng/
mL, 68.01% of patients in HCC group, 9.03% of 
patients in Malignant disease group, 7.29% of patients 
in Benign disease group, 3.53% of patients in Chronic 
liver disease group, and 5.20% of subjects in Normal 
group had elevated AFP levels.

3.3. Sensitivity, specificity, and predictive values of DCP 
and AFP in differentiating patients with HCC from the 
other four groups of subjects studied

As shown in Table 2, DCP with a cut-off value of 86 
mAU/mL had a high specificity and positive predictive 

value (PPV) but a lower sensitivity and negative 
predictive value (NPV) than a cut-off value of 40 mAU/
mL. The Youden index for DCP with a cut-off value of 
86 mAU/mL was 49.40% (HCC group vs. Malignant 
disease group), 55.90% (HCC group vs. Benign disease 
group), 58.70% (HCC group vs. Chronic liver disease 
group), and 66.30% (HCC group vs. Normal group), 
which were higher than that of DCP with cut-off value 
of 40 mAU/mL.
 As the cut-off AFP value increased from 10 ng/mL 
to 400 ng/mL, its specificity and PPV increased but its 
sensitivity and NPV decreased. The Youden index for 
AFP with a cut-off value of 21 ng/mL was 59.00% (HCC 
group vs. Malignant disease group), 60.70% (HCC 
group vs. Benign disease group), 64.50% (HCC group 
vs. Chronic liver disease group), and 62.80% (HCC 
group vs. Normal group), which were higher than those 
for AFP with a cut-off value of 10 ng/mL or 400 ng/
mL. The combination of DCP with a cut-off value of 86 
mAU/ml and AFP with a cut-off value of 21 ng/mL had 
a greater sensitivity and a higher Youden index than 
DCP or AFP alone in differentiating patients with HCC 
from the other four groups of subjects, regardless of 
other cut-off value chosen.

3.4. DCP and AFP levels according to tumor size

In the 550 patients with HCC, the median DCP level 
increased from 93.91 mAU/mL to 2014.00 mAU/mL 
along with the enlargement of tumor size. For patients 
with a tumor > 10.0 cm, the median AFP level was 

Figure 2. Scatter plot for DCP levels (A) and AFP levels (B) 
in 5 groups of subjects.

Figure 3. ROC curve comparing DCP and AFP levels in 
patients with HCC versus patients without HCC (including 
patients with malignant disease, patients with benign 
disease, patients with chronic liver disease, and normal 
subjects). The curves show an optimal cut-off value for DCP 
of 86 m AU/mL and for AFP of 21 ng/mL. The area under the 
ROC curve was 0.846 for DCP, 0.832 for AFP, and 0.890 for 
the combination of DCP and AFP.
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2,265.00 ng/mL, which was significantly higher than 
that in patients with a smaller tumor (Table 3).
 Among the 550 patients with HCC, 41 cases were 
with the tumor size of ≤ 2.0 cm, with the median 
values for DCP as 93.01 mAU/mL (range: 10-7,369.15 
mAU/mL), and for AFP as 216.10 ng/mL (range: 0.24-
59,615.00 ng/mL); 99 cases were with the tumor size of 
≤ 3.0 cm, the median values for DCP as 134.59 mAU/
mL (range: 10-46,825.61 mAU/mL), and for AFP as 
297.63 ng/mL (range: 0.24-1,647,080.00 ng/mL); 205 
cases were with the tumor size of ≤ 5.0 cm, the median 

values for DCP as 280.87 mAU/mL (range: 10-200,000 
mAU/mL), and for AFP as 206.40 (range: 0.24-
1,647,080.00 ng/mL).

3.5. The sensitivity of DCP and AFP in diagnosing 
patients with HCC according to tumor size

As shown in Table 4, the sensitivity of DCP with a 
cut-off value of 86 mAU/ml increased from 53.70% 
to 86.00% along the enlargement of tumor size. The 
combination of DCP with a cut-off value of 86 mAU/

Table 2. The clinical utility of DCP and AFP with different cut-off values in differentiating HCC patients from other 
groups of subjects

DCP/AFP (cut-off value) 

DCP (86 mAU/mL)
    HCC group vs. Malignant disease group
    HCC group vs. Benign disease group
    HCC group vs. Chronic liver disease group
    HCC group vs. Normal group

DCP (40 mAU/mL)
     HCC group vs. Malignant disease group
     HCC group vs. Benign disease group
     HCC group vs. Chronic liver disease group
     HCC group vs. Normal group

AFP (10 ng/mL)
     HCC group vs. Malignant disease group
     HCC group vs. Benign disease group
     HCC group vs. Chronic liver disease group
     HCC group vs. Normal group

AFP (21 ng/mL)
     HCC group vs. Malignant disease group
     HCC group vs. Benign disease group
     HCC group vs. Chronic liver disease group
     HCC group vs. Normal group

AFP (400 ng/mL)
     HCC group vs. Malignant disease group
     HCC group vs. Benign disease group
     HCC group vs. Chronic liver disease group
     HCC group vs. Normal group

AFP (21 ng/mL) + DCP (86 mAU/mL)
     HCC group vs. Malignant disease group
     HCC group vs. Benign disease group
     HCC group vs. Chronic liver disease group
     HCC group vs. Normal group

Sensitivity (%)

71.50
71.50
71.50
71.50

82.90
82.90
82.90
82.90

74.80
74.80
74.80
74.80

68.00
68.00
68.00
68.00

45.10
45.10
45.10
45.10

82.90
82.90
82.90
82.90

Specificity (%)

      77.90
      84.40
      88.20
      94.80

      61.70
      72.30
      38.80
      65.30

      79.00
      87.50
      71.80
      69.90

      91.00
      92.70
      96.50
      94.80

      97.20
      99.00
    100.00
    100.00

      75.20
      82.30
      84.70
      90.80

PPV, positive predictive value; NPV, negative predictive value.

PPV (%)

  92.04
  93.57
  97.52
  97.76

  88.54
  90.48
  89.76
  88.37

  92.52
  96.87
  93.92
  87.71

  96.30
  97.97
  99.12
  97.40

  98.25
  99.56
100.00
100.00

  91.93
  93.44
  97.23
  96.61

NPV (%)

43.32
48.18
32.33
51.09

50.26
57.08
25.98
54.59

47.48
40.19
32.80
49.19

45.17
35.89
34.02
50.77

33.90
25.82
23.74
38.79

56.28
61.32
43.37
62.55

Youden Index (%)

49.40
55.90
58.70
66.30

44.60
45.20
21.70
48.20

53.80
62.30
46.60
44.70

59.00
60.70
64.50
62.80

42.30
44.10
54.90
54.90

58.10
65.20
67.60
73.70

Table 3. DCP and AFP levels in 550 patients with HCC according to tumor size

Size of tumor

≤ 2.0 cm 
> 2.0 cm, ≤ 3.0cm 
> 3.0 cm, ≤ 4.0cm 
> 4.0 cm, ≤ 5.0cm 
> 5.0 cm, ≤ 10.0cm 
> 10.0 cm 

DCP (mAU/mL)

       93.91
     191.82
     462.78
     556.88
  1,278.91
  2,014.00

AFP (ng/mL)

  216.10
  391.93
  126.90
  174.00
  200.00
2,265.00

Median MaximumMinimum

DCP (mAU/mL)

    < 10.00
    < 10.00
    < 10.00
    < 10.00
    < 10.00
    < 10.00

AFP (ng/mL)

    0.24
    1.83
    1.38
    0.82
    0.24
    1.00

 DCP (mAU/mL)

        7,369.15
      46,825.61
 > 200,000.00
     111,170.15
 > 200,000.00
 > 200,000.00

AFP (ng/mL)

     59,615.00
1,647,080.00
   366,417.00
1,193,000.00
   794,800.00
1,939,000.00
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ml and AFP with a cut-off value of 21 ng/mL resulted 
in a sensitivity of approximately 90%, which was 
significantly higher than that for DCP or AFP alone. 
 For 41 cases with the tumor size of ≤ 2.0 cm, the 
combination of DCP with a cut-off value of 86 mAU/
ml and AFP with a cut-off value of 21 ng/mL resulted 
in a sensitivity of 92.68%, which was higher than that 
of DCP (53.66%) or AFP (80.49%) alone (P < 0.001). 
For 99 cases with the tumor size of ≤ 3.0 cm, the 
combination of DCP and AFP with those cut-off values 
resulted in a sensitivity of 89.90%, which was higher 
than that of than that of DCP (62.63%) or AFP (77.78%) 
alone (P < 0.001). For 205 cases with the tumor size of 
≤ 5.0 cm, the combination of DCP and AFP with those 
cut-off values resulted in a sensitivity of 88.78%, which 
was also higher than that of DCP (68.78%) or AFP 
(67.80%) alone (P < 0.001).

4. Discussion

In China, HCC has currently become the second 
leading cause of cancer-related deaths in men and the 
third leading cause of such deaths in women, and its 
incidence has increased in the past few decades as a 
result of the high prevalence of its main etiological 
factor, chronic HBV infection (3,4). In fact, 93 
million HBV carriers are Chinese, accounting for 
2/3 of such patients worldwide, and about 20 million 
of these people have chronic HBV infection (5,22). 
Early diagnosis of HCC is essential when curative 
interventions can be implemented to improve patient 
prognosis and long-term survival (23,24). Thus, the 
early diagnosis for Chinese HCC patients predominantly 
caused by HBV infection has important implications 
not only for China, but also for the worldwide to reduce 
the burden of disease. 
 Serum biomarkers are attractive potential tools for 
HCC early diagnosis because they would enable non-
invasive, objective, and reproducible assessments 
(25). In China, AFP has been recommended by HCC 
guidelines as a serum biomarker for diagnosis and it 
has been widely used in clinical practice (26), but its 
disadvantage of low sensitivity, low specificity, and 
limited accuracy in detecting small HCC diminish 
its clinical utility in HCC early diagnosis (7-11). 
Thus, other reliable serum biomarkers need to soon 
be identified to complement AFP in order to improve 

clinical outcomes for patients with HCC in China.
 DCP is an abnormal prothrombin that lacks 
carboxylation of specific amino-terminal glutamic 
acid residues. Since Liebman et al. found DCP to be a 
useful serum marker in diagnosing HCC in 1984 (27), 
differences in the sensitivity and specificity of DCP 
and AFP have been extensively discussed. In 8 large 
case-controlled studies, serum DCP was found to have 
a sensitivity of 48-62%, a specificity of 81-98%, and 
a diagnostic accuracy of 59-84% in differentiating 
patients with HCC from those with cirrhosis; in 
comparison, serum AFP was found to have a sensitivity 
of 40-54%, a specificity of 88-97%, and a diagnostic 
accuracy of 64-76% (15,28). Although several studies 
of the two tumor markers have been reported, results 
of those studies conflicted with regard to the relative 
performance of those markers. Some studies showed 
that DCP has greater sensitivity than AFP, while other 
studies found no significant difference in the sensitivity 
of the two serum markers, but the combination of DCP 
and AFP, however, appeared to have greater sensitivity 
than either marker alone (28-31). These differences 
may be due to the use of different marker cut-off values 
in each study (40, 60, and 100 mAU/mL for DCP and 
20-200 ng/mL for AFP), differences in underlying liver 
disease, tumor stage, or other aspects.
 The present study analyzed the clinical utility 
of simultaneous measurement of AFP and DCP in 
differentiating Chinese HCC patients (71.18% with 
HBV infection) from those patients with non-HCC and 
normal subjects. Results showed that the combined 
testing of DCP with a cut-off value of 86 mAU/ml and 
AFP with a cut-off value of 21 ng/mL resulted in a 
greater sensitivity and higher Youden index than DCP 
or AFP alone in differentiating patients with HCC from 
the other four groups of subjects, which suggest that the 
simultaneous measurement of AFP and DCP is effective 
in HCC diagnosis for Chinese patients predominantly 
caused by HBV infection. 
 Some studies have reported that the serum levels of 
DCP increase in relation to the size of HCC (30,32,33), 
it was also shown in our study that for patients with 
HCC, the median DCP level increased with a larger 
tumor. In the current study, the combination of DCP 
with a cut-off value of 86 mAU/mL and AFP with a 
cut-off value of 21 ng/mL resulted in a sensitivity of 
approximately 90%, which was significantly higher 

Table 4. The sensitivity of DCP and AFP in the diagnosis of 550 patients with HCC according to tumor size

Size of tumor

≤ 2.0 cm
> 2.0 cm, ≤ 3.0cm
> 3.0 cm, ≤ 4.0cm
> 4.0 cm, ≤ 5.0cm
> 5.0 cm, ≤ 10.0 cm
> 10.0 cm

DCP (86 mAU/mL) (%)

53.66
69.00
76.50
72.70
80.50
86.00

AFP (21 ng/mL) (%)

80.49
75.90
58.80
58.20
65.80
79.10

DCP (86 mAU/mL) + AFP (21 ng/mL) (%)

92.68
87.90
88.20
87.30
88.40
94.20
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than that for DCP or AFP alone. The same was true 
even for a tumor smaller than 2.0 cm. These results 
suggest that the simultaneous measurement of AFP 
and DCP may facilitate the diagnosis of patients with a 
broad range of HCC.
 In conclusion, the simultaneous measurement of 
AFP and DCP could achieve a better sensitivity in 
diagnosing Chinese HCC patients, even for small 
tumors. To improve the diagnostic ability of serum 
biomarkers for HCC in China, the combined usage of 
AFP and DCP is suggested by this multi-center case-
controlled study.
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1. Introduction

Obstruction at ureteropelvic junction, often referred to 
as congenital hydronephrosis is a common disease for 
infants with 0.13-0.16% incidence (1). It is essential for 
the clinical physician to understand the morphology and 
the function of hydronephrotic and contralateral kidneys 
in order to choose the appropriate clinical therapeutic 

protocols. Currently, it is debatable in the determination 
of the function of hydronephrotic kidneys, and there 
is still no satisfactory non-invasive diagnostic method 
to evaluate the damage degree of unilateral involved 
kidney and to predict the restoration of renal function 
after operation. 
 Diffusion-weighted magnetic resonance imaging 
(DW MRI) is a technique used to measure and image 
the diffusion of water molecule, can reflect Brownian 
motion of water molecule in tissue and serve as a 
functional imaging to represent the functional condition 
of living tissue in vivo, which is a hot research area in 
recent years. Apparent diffusion coefficient (ADC) is 
a quantitative index for diffusion-weighted imaging 
(DWI), can provide the quantification standard for 

Summary The aim was to investigate the relationship between apparent diffusion coefficient (ADC) 
values measured by diffusion-weighted magnetic resonance imaging (DW MRI) and the 
split glomerular filtration rate (GFR) in infants with congenital hydronephrosis. Diffusion-
weighted imaging (DWI) (b = 0 and 700 seconds/mm2) was performed with a General Electric 
Company (GE) Signa 1.5T MR unit in 46 infants suffering single congenital hydronephrosis 
and in 30 healthy infants as normal control group. The ADCs were calculated with regions of 
interest (ROIs) positioned in the renal parenchyma. The 46 obstructed kidneys were classified 
into four groups according to the GFR level: renal dysfunction compensated group, renal 
dysfunction decompensated group, renal failure group, and uremia group. The renal ADCs 
in six groups (normal kidneys in control group, contralateral kidneys, and four groups of 
hydronephrotic kidneys) were compared statistically using analysis of variance (ANOVA), and 
the correlative relationship between ADCs and GFR was examined by Pearson's correlation 
test. There were statistically significant differences in renal ADCs among the six groups. The 
ADCs of hydronephrotic kidneys were lower than that of the normal kidneys. There was a 
moderate positive correlation between the ADCs of hydronephrotic kidneys and split GFR (r 
= 0.744). This study indicated that the ADCs of congenital hydronephrotic kidneys were lower 
than that of normal renal parenchyma, and there was a positive correlation between the ADCs 
and split renal GFR, which demonstrates that the ADCs can reflect the filtration function of 
hydronephrotic kidneys and may provide some reference to help clinical physician to explore 
a novel noninvasive approach to evaluate the single renal function.
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disease diagnosis through the different ADC values in 
diverse pathological changes. 
 With affluent blood supply and highly water-
contained content, kidneys are one of the ideal organs 
for DWI examination in abdominal viscera (2,3). 
Considerable attention has been made to investigate 
the renal DWI across the world (4-6), and some recent 
studies had demonstrated that the DWI has potential 
clinical value in evaluating some renal diseases (7-10), 
such as renal artery stenosis, diffuse renal disease, renal 
tumor and renal infection (11-15), etc. However, as a 
novel functional imaging for the investigation of renal 
function, the DWI is mainly applied in adult patients 
and the studies focusing on renal diffusion of infants is 
scarce, and no study at present was found with regard to 
using renal ADC values to explore the hydronephrotic 
kidney in single children population. Some research 
found that that the renal ADC values of infants would 
change considerably when age increases, and there 
is significant difference of renal ADC values among 
different age groups (16). As such, the aim of our study 
is to investigate the relationship between renal ADC 
values measured by DWI and glomerular filtration 
function in infants with congenital hydronephrosis, 
and the clinical application value of using renal ADC 
values to evaluate the renal function in hydronephrotic 
kidneys, with the expectation to provide evidence to 
help physician to find out a novel noninvasive approach 
of evaluating the split renal function in clinical practice.

2. Materials and Methods

2.1. Research subjects

Pa t i en t s  g roup :  46  i n f an t s  su f f e r i ng  s i ng l e 
hydronephrosis caused by congenital obstruction at 
ureteropelvic junction, between October 2008 and 
October 2009 (12 women and 34 men, age range is 
between 5 months to 3 years, mean age = 1.9 years), 
were included in our study, and all patients were 
diagnosed with ultrasonography, intravenous urography 
(IVU) and magnetic resonance urography (MRU), 
26 of whom were confirmed by operation. Renal 
dynamic scintigraphy (99mTc-DTPA, HTA CO. LTD., 
Guangzhou, Guangdong, China) was used to measure 
the split renal glomerular filtration rate (GFR) for all 
patients within one week of MRI examination and the 
field of view (FOV) included both kidneys. Dynamic 
collection was performed immediately after "bolus" 
intravenous injection of 99mTc-DTPA and the split GFR 
was calculated separately. The patients were divided into 
four groups according to degree of renal insufficiency: 
renal dysfunction compensated group (reduced GFR but 
is greater than 50 mL/min, serum creatinine and blood 
urea nitrogen are normal, 9 cases), renal dysfunction 
decompensated group (25 mL/min ≤ GFR < 50 mL/
min, 13 cases), renal failure group (10 mL/min ≤ GFR 

< 25 mL/min, 21 cases), and uremia group (GFR < 10 
mL/min, 3 cases). No obviously abnormal features were 
observed in 46 kidneys in the contralateral side assessed 
by ultrasound, IVU and MRI.
 Control group: 30 normal and healthy infants (8 
women and 22 men, age range is between 4 months to 
3 years, mean age = 1.7 years) were selected randomly. 
Inclusion criteria: (i) no clinical history of renal 
diseases; (ii) no present clinical manifestations of renal 
diseases; (iii) all the laboratory results related to renal 
function are normal, which mainly include serological 
examinations (such as blood urea nitrogen, uric acid, 
creatinine, potassium, sodium, chloride, etc. that are 
relevant to the renal function) and routine urine test; (iv) 
normal report of kidneys by MRI; (v) no medication 
that may significantly affect renal function has been 
taken.
 This study included six groups (normal kidneys in 
control group, contralateral kidneys, and four groups 
of hydronephrotic kidneys), and it was reviewed and 
approved by the Hospital Ethics Committee, and all 
the parents of the study subjects have signed informed 
consent form before the examinations.

2.2. MRI examination method

MRI examination was performed with a 1.5T MR 
imager (Signa; General Electric Company (GE), USA) 
with Torso phased-array coil. Before the examination, 
keep the stomach empty for 6 h and all the subjects were 
given sedative orally (10% chloral hydrate, Zhujiang 
Hospital, Guangzhou, Guangdong, China; 0.5 mL/kg,). 
During the examination, the subjects were dormant lying 
on the examining table and respiration was monitored 
by respiratory gating technique. The upper abdominal 
axial routine scan was performed (T1 weighted imaging, 
T2 weighted imaging, MRU and DWI), and the range 
included the long diameter of bilateral kidneys. Single 
shot spin-echo echo-planar imaging (SE-EPI) sequence 
was applied in DWI examination. Scan parameters: 
TR 3000ms, TE 6.6-70.5ms, FOV 30 cm × 30 cm, 
reconstruction matrix (RES) 128 × 128, thickness = 
4 mm, interval = 1 mm, NEX 8. Three directions of 
diffusion were measured simultaneously with two 
b values selected as 0 s/mm2 and 700 s/mm2. Fat 
suppression was applied during the scan.

2.3. Images review and post-processing

The original data collected during the scan were 
transmitted to the post-processing workstation, and the 
DWI and ADC maps were automatically reconstructed 
using GE Functool software with ADC values of renal 
parenchyma being measured at ADC map. Given the 
low signal to noise ratio in EPI image, it is difficult 
to clearly differentiate the renal cortex and medulla. 
In order to reduce measurement errors, in this study, 
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test. A p-value < 0.05 was considered statistically 
significant.

3. Results

The DWI images of all subjects were in accordance 
with the diagnosis standards without obvious distortion 
and artifacts (Figures 1-4). 
 The mean renal ADCs of six groups (normal renal 
parenchyma in control group, contralateral kidney group 
and four hydronephrotic kidney groups) were shown 
in Table 1. Significant difference was found between 
different groups (F = 148.46, p < 0.001). The renal ADCs 
in renal dysfunction compensated group were lower than 
that of contralateral kidney group, and the latter is lower 
than that of normal renal parenchyma in control group. 

the ADC values were measured on the whole renal 
parenchyma. Three planes, including the upper pole of 
kidneys (4-6 mm from renal upper border), renal hilum 
and lower renal pole (4-6 mm from renal lower border), 
were selected in each subject. Two regions of interest 
(ROIs) of each plane were delineated by two senior 
radiologists. The average area of the ROIs was about 25 
mm2, and the mean value was considered the final ADC 
value. The renal ADCs in six groups (normal kidneys in 
control group, contralateral kidneys, and four groups of 
hydronephrotic kidneys) were calculated.

2.4. Statistical analysis

Statistical analysis was performed with the SPSS 16.0. 
The significant differences of the renal ADCs values in 
six groups were assessed using completely randomized 
variance analysis (ANOVA), and the least-significant 
difference (LSD) method was used to compare the 
difference of ADC values between each two groups. 
The relationship between the renal ADC and split GFR 
was examined by Pearson's correlation coefficient 

Figure 1. DWI (A) and ADC (B) map of a 36-month-
old male infant with left-side congenital hydronephrosis 
belonging to renal dysfunction compensated group. Two 
ROIs in the parenchyma on the renal hilum section were 
delineated by two senior radiologists, and the average area 
of the ROIs was about 25 mm2, and the mean value was 
considered the final ADC value.

Figure 2. DWI (A) and ADC (B) map of a 36-month-
old male infant with left-side congenital hydronephrosis 
belonging to renal dysfunction decompensated group. ROIs 
are manually delineated.

Figure 3. DWI (A, C) and ADC (B, D) map of a 24-month-
old female infant with right-side congenital hydronephrosis 
belonging to renal failure group. The ADC value of the two 
renals was calculated alone.

Figure 4. DWI (A) and ADC (B) map of a 5-month-old 
female infant with left-side congenital hydronephrosis 
belonging to uremia group. ROIs are manually delineated.

Table 1. The mean renal ADCs of six groups

Groups

Control group with normal renal parenchyma
Contralateral kidney group
Renal dysfunction compensated group
Renal dysfunction decompensated group
Renal failure group
Uremia group

Number of kidney

          60
          46
            9
          13
          21
            3

Mean of ADC values

1.61 ± 0.06
1.51 ± 0.10*

1.46 ± 0.04*

1.33 ± 0.04
1.22 ± 0.07
1.04 ± 0.03

*There was no statistically signifi cance in ADC values between the contralateral kidney group and renal dysfunction compensated group. (p = 0.06).

95% confidence interval

1.60 - 1.63
1.48 - 1.54
1.43 - 1.49
1.31 - 1.36
1.19 - 1.23
0.97 - 1.12

Minimum

1.50
1.34
1.18
1.29
1.13
1.01

Maximum

1.78
1.77
1.53
1.42
1.32
1.07
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When compared between each two groups, we observe 
that there was no significant difference of ADCs between 
renal dysfunction compensated group and contralateral 
kidney group (p = 0.06) and in the rest groups, significant 
difference was seen between each other (p < 0.001).
 There was a moderate positive correlation between 
renal ADCs of the obstructed kidney with hydronephrosis 
and split renal GFR (r = 0.744, p < 0.001) (Figure 5). 
 No correlation was found between renal ADC 
values of the contralateral kidneys and split renal GFR 
(r = 0.194, p < 0.001) (Figure 6). The GFR range was 
38.9-78 mL/min in contralateral kidney group and 2 out 
of 46 kidneys in this group was ≤ 50 mL/min.

4. Discussion

4.1. The change pattern of ADC values in hydronephrotic 
kidneys and the correlation with GFR

The accurate  evaluat ion of  renal  funct ion to 
hydronephrotic patients is essential for the diagnosis and 
treatment of this disease. The surgical operation timing 
relies on the location and degree of urinary obstruction, 
as well as the concise assessment of renal function 
and to what extent the renal function can be recovered 
after operation (17,18). Hydronephrosis will slow 
down the transportation of water, reduce transporting 
volume and restrict molecule movement. Meanwhile, 
the renal perfusion is reduced as well owing to the 
increased pressure in renal pelvis and calyces, as well 
as the collective effects of various cell and vasoactive 
factors on the renal blood supply. The pathophysiologic 
changes described above would certainly affect the 
diffusion in renal parenchyma and alter the ADCs. Our 
study showed that the ADCs of obstructed kidneys in 
infants with congenital hydronephrosis were lower than 
that of normal kidneys (1.61 ± 0.05 × 10-3 mm2/s), and 
the difference was significant, which conformed to the 
previous research results. Several animal experiments 
and clinical studies in adult (7,19) have shown that the 

ADCs dropped in hydronephrosis, and values of ADCs 
in hydronephrotic kidneys with impaired renal function 
were much lower than that of the contralateral kidneys 
with normal renal function (9,13,20). In patients with 
renal failure, the ADCs of cortex and medulla fell down 
in varying degree (7,21,22).
 In acute phase of hydronephrosis, the interface 
between cortex and medulla is still visible. However, 
this differentiation would be no longer clear in chronic 
urinary tract obstruction (23). Fukuda et al. (8) had 
stated that there is a low signal-to-noise ratio in the 
kidney images with EPI sequences. As such, it would 
be difficult to exactly differentiate renal cortex and 
medulla in that situation and the measurement error 
will certainly increase when the ROIs are placed onto 
the cortex and medulla respectively. In addition, Xu et 
al. (11) reported no significant signal difference was 
found between the renal cortex and medulla in DWI. 
Therefore, the approach of placing the ROI on specific 
plane was adopted in this study to measure the ADCs of 
local renal parenchyma.
 Our study indicated that there were significant 
differences in ADC values between each of four groups, 
including renal dysfunction compensated group (1.46 
± 0.04 × 10-3 mm2/s), renal dysfunction decompensated 
group (1.33 ± 0.04 × 10-3 mm2/s), renal failure group 
(1.22 ± 0.07 × 10-3 mm2/s) and uremia group (1.04 ± 0.03 
× 10-3 mm2/s). The ADC values in renal dysfunction 
compensated group were lower than that of contralateral 
kidney group, and significant difference of ADCs 
was observed between renal failure group and uremia 
group. Xu et al. (12), however, had reported that there 
was no significant difference of renal ADCs between 
moderate and severe renal function injury groups when 
they investigated the healthy people and patients with 
chronic kidney disease. The authors believed that the 
reason may be attributed to the small sample in severe 
renal function injury group. In addition, the criteria 
they adopted for moderate renal function injury group 
is different from the renal failure group in our study 

Figure 5. Relationship between ADC values of obstructed 
kidney with hydronephrosis and the split renal GFR. There 
was a moderate positive correlation (r = 0.744, p < 0.001).

Figure 6. Relationship between ADC values of contralateral 
kidney with no hydronephrosis and the split renal GFR. 
There was no a correlation (r = 0.194, p < 0.001).
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(10 mL/min ≤ GFR < 20 mL/min versus 10 mL/min ≤ 
GFR < 25 mL/min), which may lead to the differential 
conclusion.   
 The research by Thoeny et al. (8) in healthy 
volunteers demonstrated that DW MRI had a fairly 
good repeatability in evaluating the changes of renal 
function, and thus can be performed as a non-invasive 
follow-up approach to monitor the degree and changes 
of abnormal renal function. But more research with 
larger sample size may be required to confirm this 
observation.

4.2. The change pattern of ADC values in contralateral 
kidneys and the correlation with GFR

Harriet et al. (13) found there was various degree 
of difference of ADCs between the involved kidney 
and contralateral kidney in patients with urinary tract 
obstruction. Our research results showed that the 
renal ADC values of hydronephrotic kidneys in renal 
dysfunction compensated group were lower than 
that of contralateral kidneys but with no significant 
difference, while the renal ADCs in both groups were 
lower than that of normal control group. Base on the 
grouping criteria of renal insufficiency, the GFR of 
renal dysfunction compensated group is reduced but 
above 50 mL/min, so the ADCs were lower than that of 
normal kidneys. Given the fact that no structural lesion 
is observed in contralateral kidneys, and the partial 
contralateral kidneys after obstruction would present 
some level of functional compensation, the renal 
ADC values of involved kidney in renal dysfunction 
compensated group were lower than that of contralateral 
kidneys. In our study, the insignificant difference of 
ADCs between involved kidney and contralateral 
kidney may result from the insignificant difference 
of GFR between them. In addition, in two out of 46 
contralateral kidneys, the GFR level is from 25-50 mL/
min. Therefore, a larger sample might be required in 
future research to confirm the appropriateness of using 
contralateral kidney as the normal control group in the 
past researches. Toyoshima et al. (9) also believed that 
there were overlapping of the renal ADCs between 
hydronephrotic kidneys without renal injury (1.63 ± 
0.12 × 10-3 mm2/s) and the contralateral kidneys with no 
hydronephrosis (1.68 ± 0.15 × 10-3 mm2/s). Müller et al. 
(2) found that the contralateral renal ADCs increased 
only slightly after urinary tract obstruction on one side.
 Our study found that the renal ADC values in 
contralateral kidney group with no hydronephrosis 
were lower than that of normal kidney control group 
(1.61 ± 0.05 × 10-3 mm2/s), and no correlation with 
split renal GFR was found. In the research of adult 
hydronephrosis, whereas Toyoshima et al. (9) found 
that the renal ADCs of contralateral kidney without 
hydronephrosis were similar to that of normal kidney 
with no correlation with the split renal GFR. In our 

study, the range of contralateral renal GFR was 38.9-79 
mL/min, Two out of 46 cases had mild renal function 
damage (GFR ≤ 50 mL/min) without renal compensated 
hyperfunction. Some researchers have indicated that 
renal compensated hyperfunction in contralateral 
kidney can occur at early stage of hydronephrosis, but 
part of renal function was reduced at variable degree 
after 6-8 months from the occurrence of obstruction. 
However, the reason of no correlation between the renal 
ADC values of obstruction contralateral kidney without 
hydronephrosis and the single renal GFR is still to be 
further investigated.

4.3. Limitations of the study

Our study has several limits. (i) The number of 
hydronephrosis cases in uremic group was relatively 
small; (ii) There is still no accurate interpretation 
regarding no correlation between the ADCs of 
contralateral kidneys and split renal GFR; (iii) In order 
to investigate the relationship thoroughly between the 
renal ADC values of hydronephrotic kidneys and the 
split renal GFR, patient grouping with a broader range 
of age may be required; (iv) Only the ADC values 
of whole renal parenchyma was measured in this 
investigation, while we expect to be able to measure 
the renal cortex and medulla respectively in future 
research; (v) As GFR is an important index to evaluate 
the renal filtration function, we expect to investigate 
the relationship further between the renal ADC values 
and renal tubular function of split kidney; And as a 
functional measurement approach, there is a need to 
further investigate whether the DW MRI could reflect 
the functional changes in early stage lesions.
 In sum, this study revealed that the renal ADC 
values of involved kidney in infants with congenital 
hydronephrosis were lower than that of the normal 
renal parenchyma, and there was a positive correlation 
between the ADC values of hydronephrotic kidneys and 
split renal GFR, which may indicate that ADC values 
are of certain value to evaluate the filtration function of 
hydronephrotic kidney, and may provide new direction 
to help clinical physician to find noninvasive novel 
approach to evaluate the single renal function.
 Although the clinical application of renal DWI is 
to be investigated in depth, the MRI approach shows 
many advantages in evaluating renal function. For 
instance, it is non-invasive with no radiation. The 
combination of conventional MR imaging and DWI 
can provide the information of kidney morphology 
and function simultaneously. As DWI does not need 
using contrast medium, it won't bring any adverse 
reactions associated with radiation or contrast medium 
damage to the children during their development and 
growth period and thus is especially beneficial to the 
infant patients with allergy to contrast medium and/
or impaired renal function. There is a reason to believe 
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that functional MRI will certainly demonstrate great 
prospects of clinical application in evaluating renal 
function in the future, and will play a more important 
role in the diagnosis of infants hydronephrosis.
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Use of a mini-instrument in endoscopic thyroidectomy via a breast 
approach to improve cosmetic outcomes
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1. Introduction

Thyroid disease has a particularly high incidence in 
women. Although conventional thyroidectomy is safe, 
effective, and well-tolerated, it results in an obvious 
cervical scar that compromises a patient's cosmetic 
appearance. Endoscopic thyroid surgery was developed 
to provide an aesthetically pleasing scar after open 
thyroidectomy (1,2).
 Endoscopic thyroid surgery can be classified into 
video-assisted endoscopic and pure endoscopic surgery 
(3). The former requires only a small skin incision in 
the neck and limited tissue dissection, while the latter 
is performed remotely and involves extracervical 
incisions. Pure endoscopic surgery is popular in Asia 
since it yields superior cosmetic results. More than 20 
"scarless" approaches for endoscopic thyroidectomy 
have been developed (4). 

 To further improve the cosmetic results of "scar-
less" endoscopic thyroidectomy (SET), some surgeons 
have attempted to reduce the number of incisions. 
Single-incision endoscopic thyroidectomy via an 
axillary approach was reported by Lee et al. (5) and 
similar surgery via a trans-areolar approach was 
reported by Fan et al. (6). Both groups of researchers 
found that single-incision endoscopic thyroidectomy 
was safe and technically feasible and offered an 
advantage in terms of the excellent cosmetic appearance 
of the thoracic wall. However, such procedures are 
technically difficult, they offer a singular view and 
more confined working space, and they carry the 
risk of instrument interference (5,6). Single-incision 
endoscopic thyroidectomy also takes a great deal of 
time and it involves a very steep learning curve. 
 Another way to improve cosmetic appearance is to 
reduce the size of an incision, as in mini-laparoscopic 
surgery. Mini-laparoscopic instruments are widely 
used in general surgery and gynecology (7-9) and can 
provide excellent cosmetic results without significantly 
altering the laparoscopic approach. However, such 
instruments have seldom been used in SET.
 Reported here is experience using a mini-instrument 
in endoscopic thyroidectomy via a breast approach 
(ETBA), the most popular technique for SET in China. 

Summary The objective of this research was to evaluate the clinical benefits of using a mini-
instrument during endoscopic thyroidectomy via a breast approach (ETBA). Surgery-
related indices and cosmetic results were compared for 20 patients underwent ETBA with 
a mini-instrument (ETBA-m) and 20 patients who underwent standard ETBA (sETBA). 
Patients were closely matched in terms of age, gender, tumor size, and pathology. Patients 
who underwent sETBA had a significantly larger area of dissection and total length of 
incisions compared to patients who underwent ETBA-m (136.25 ± 19.22 cm2 vs. 105.25 ± 9.54 
cm2, p < 0.001 and 2.66 ± 0.09 cm vs. 2.08 ± 0.24 cm, p < 0.001). All patients who underwent 
ETBA-m commented that they preferred their current cosmetic appearance after they 
were shown a picture of the scars of a patient who underwent sETBA. Results of this study 
revealed that use of a mini-instrument in ETBA is technically safe and feasible and it offers 
improved cosmetic outcomes compared to sETBA.
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The potential advantages of using mini-instruments 
are that first, the longest parasternal incision for the 
camera port can be moved to the areola, thus reducing 
the likelihood of hypertrophic scar formation at the 
parasternal incision. Second, a mini-incision will heal 
without leaving a mark, so the trocar for the mini-
instrument can be inserted in the chest wall while 
maintaining the convenient triangular positioning of 
instruments. This rearrangement of trocar sites should 
not increase the procedure's technical difficulty and 
may improve cosmetic appearance afterwards.

2. Methods

2.1. Patient demographics

This study was approved by the Institutional Review 
Board of Changzheng Hospital. From September to 
December 2012, 20 consecutive patients (18 women, 
mean age: 34.7 ± 9.17 years) underwent ETBA with a 
mini-instrument (ETBA-m). Eligibility criteria were the 
same as for conventional ETBA: benign thyroid nodules 
(diameter < 5 cm) and papillary microcarcinoma 
diagnosed by preoperative ultrasound and fine needle 
aspiration cytology. Exclusion criteria were: a history 
of neck surgery or radiotherapy; thyroiditis diagnosed 
by preoperative biochemistry or ultrasound; liver 
dysfunction; and autoimmune disease (10,11). Twenty 
consecutive patients who underwent standard ETBA 
(sETBA) from June to September 2012 (17 women; 
mean age: 38.85 ± 9.95 years) served as the control 
group. All patients provided written informed consent 
prior to study participation.

2.2. Thyroidectomy

sETBA has been described previously (10,11). 
Briefly, three incisions were made: a 12-15-mm 
curved longitudinal parasternal incision for the 
camera port and two 5-mm working port incisions 
in the circumareolar region. Several tunnels were 
created with a plastic rod, and then a thyroidectomy 
was performed with a harmonic scalpel (HS, Ethicon 
Endo Surgery, Cincinnati, OH, USA). When exposure 
was difficult, a puncture was made in the skin of the 
neck and a suture retractor was inserted to pull the 
strap muscles laterally (12). Either a unilateral or a 
bilateral near-total or total lobectomy was performed 
depending on the size of benign tumors, and a hemi- 
or total thyroidectomy with central compartment 
node dissection (CCND) was performed for papillary 
microcarcinoma.
 The location of trocars in ETBA-m differed from 
that in sETBA: a 10-mm optical trocar was inserted 
on the right areolar border and a 5-mm manipulation 
trocar for the HS was inserted along the left areolar 
border. A subcutaneous tunnel in the direction of the 

neck was first created via a 10-mm incision, and a 
5-mm trocar was inserted on the left to connect to the 
tunnel. A working space was created with the HS under 
endoscopic guidance. A 2-mm mini-instrument was 
inserted via the chest wall, maintaining a wide angle for 
extensive manipulation and facilitating exposure with 
the surgeon's left hand (Figures 1A and 1B). The rest of 
the procedure was the same as that for sETBA (Figures 
1C and 1D). Even though the view is lateral, resection 
of either lobe is no more difficult than in sETBA. If, 
however, central compartment dissection is necessary, 
then the sternal portion of the clavicle and the lower 
right strap muscle may hinder visualization. Thus, the 
strap muscles were usually transected in part for better 
exposure.

2.3. Collection of surgery-related data

The diameter of thyroid lesions as determined by 
ultrasound, pathologic diagnosis, operating time, extent 
of the subcutaneous area marked with endoscopic 
illumination, blood loss, and total incision length were 
recorded and compared.

2.4. Subjective assessment of postoperative pain

Postoperative pain was assessed 12, 24, and 48 h after 
surgery using a visual analog scale (VAS) from 0-10 ("0" 
= "no pain," "10" = "worst pain imaginable") (10,13).

2.5. Monitoring of complications

Blood samples were collected to measure calcium 
levels on day 1 postoperatively. Hypocalcemia was 
diagnosed depending on symptoms and laboratory 
findings. Patients who presented with postoperative 
hoarseness underwent laryngoscopy. Transient 
hypocalcemia and transient recurrent laryngeal nerve 
(RLN) injury were defined based on recovery from 
symptoms and normalization of laboratory data within 
6 months (10,14).

2.6. Evaluation of cosmetic results

Three months postoperatively, patients evaluated their 
cosmetic outcomes using a numerical scoring system 
(NSS) similar to VAS ("0" = "extreme dissatisfaction", 
"10" = "extreme satisfaction") (10). Patients who 
underwent ETBA-m were also shown a picture of scars 
following sETBA and their comments were recorded.

2.7. Statistical analysis

The student's t-test and the Pearson χ2 test were used to 
compare means and categorical variables, respectively. 
A p value of less than 0.05 was considered to be 
statistically significant.
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differences in blood loss and operating time for the two 
groups. The location of trocars was altered since the 
shape of the area of subcutaneous dissection was changed 
from a rhomboid shape to an upside-down Y shape. 
Thus, the area of dissection decreased significantly from 
136.25 ± 19.22 cm2 in patients who underwent sETBA to 
105.25 ± 9.54 cm2 in patients who underwent ETBA-m 
(p < 0.001). Use of the mini-instrument also significantly 
shortened the total length of incisions (2.66 ± 0.09 cm vs. 
2.08 ± 0.24 cm, p < 0.001, Table 2).
 There was one case of RLN palsy in each group, and 
both resolved within 3 months. Transient hypocalcemia 
occurred in 3 patients who underwent ETBA-m and 
in 2 patients who underwent sETBA. Hypercapnia, 
subcutaneous emphysema, and seroma were not observed 
in either group.

3. Results

3.1. Baseline data

The two groups were closely matched in terms of age, 
gender, tumor size, and pathology, as shown in Table 1

3.2. Surgical outcomes

The surgical procedures for patients who underwent 
E T B A - m  w e r e  a  l o b e c t o m y  f o r  7  p a t i e n t s , 
hemithyroidectomy with CCND for 4, sub-total 
thyroidectomy for 5, total thyroidectomy (TT) for 3, and 
TT with CCND for 1. 
 There were no deaths or conversion to another 
procedure for either group. There were no significant 

Figure 1. Surgical procedure for ETBA-m. A: A 2-mm mini-instrument was inserted in the chest wall; B: A wide angle was 
maintained for extensive manipulation; C: A thyroidectomy was performed with the mini-instrument facilitating exposure, and D: 
Surgical sites once the surgery was completed.

Table 1. Baseline data of patients underwent BAET

Items

Gender (male/female)
Age(y)
Tumor size (mm)
     benign
     Cancer
Lateral (uni/bilateral)
Pathology (adenoma/goiter/cancer)

sBAET group

        3/17
38.85 ± 9.95

29.50 ± 10.27
  6.88 ± 2.17
        13/7
       11/3/6

mBAET group

        2/18
34.70 ± 9.00

31.39 ± 8.65
  7.29 ± 1.50
        11/9
       13/2/5

p value

1.000
0.175

0.623
0.681
0.519
0.795
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3.3. Postoperative pain

The severity of pain according to the VAS differed 
significantly 12 and 24 h postoperatively but did not 
differ significantly 48 hours postoperatively for either 
group.

3.4. Cosmetic outcomes

The areolar incisions blended well with the areola, and 
the mini-incision on the chest wall left no obvious trace 
(Figure 2A). Although the patients who underwent 
ETBA-m had a higher NSS score than patients who 
underwent sETBA, the difference was not statistically 
significant. However, all patients who underwent 
ETBA-m commented that they preferred their incisions 
after they were shown a picture of scars of a patient 
who underwent sETBA (Figure 2 B).

4. Discussion

Use of a mini-instrument in endoscopic thyroidectomy 
has the advantages as mini-laparoscopic surgery, 
yielding the same surgical results after minor technical 
adjustments (15). Some technical pitfalls have been 
encountered when mini-instruments were used for 
complex procedures, such as antireflux surgery (15). 
This is not a problem in ETBA-m since the surgeon 
only used the mini-instrument in his left hand to 

facilitate exposure. A new learning curve is not 
required, as the triangular positioning of instruments 
is maintained. This was evident in the absence of a 
significant difference in the operating time for either 
group. This is despite the fact that ETBA-m was 
performed for the first time during this study and 
sETBA has been performed more than 700 times by the 
current authors. That said, ETBA-m involved unilateral 
lobectomy for adenoma as well as TT with CCND 
for bilateral papillary microcarcinoma. There was 
also no difference in the incidence of RLN palsy and 
hypocalcaemia in the groups, and this incidence was 
within the range reported in literature (2,16-18). Thus, 
clinical use of mini-instruments is feasible and yields 
consistent results (7,8). 
 Breast and axillary approaches to endoscopic 
thyroidectomy (ETAA) were both developed by Asian 
surgeons (19,20). ETBA has an advantage over ETAA 
in terms of a wide triangular positioning of instruments 
so they do not interfere with one another (21), and 
ETBA offers excellent visualization when approaching 
bilateral lesions. Thus, ETBA is the most popular 
approach for endoscopic thyroidectomy in China (22). 
However, ETBA is inferior in terms of cosmetics as it 
may leave a hypertrophic parasternal scar (21,23). To 
resolve this issue, the breast and axillary approaches 
were combined, including the bilateral axillo-breast 
approach (BABA) (24), axillo-bilateral breast approach 
(ABBA) (25) and bilateral breast areola and ipsilateral 

Table 2. Surgery-related data of patients underwent BAET

Items

Dissection area (cm2)
Incision length (cm)
Blood loss (mL)
Surgery duration (min)
VAS-12h
VAS-24h
VAS-48h
Drainage volume (mL)
NSS

 sBAET group

136.25 ± 19.22
    2.66 ± 0.09
    6.85 ± 2.08
105.75 ± 20.02
    3.45 ± 1.57
    1.75 ± 1.41
    0.75 ± 1.41
120.75 ± 38.12
    8.75 ± 1.21

mBAET group

105.25 ± 9.54
    2.08 ± 0.24
    6.65 ± 3.63
113.75 ± 41.51
    2.55 ± 1.19
    0.95 ± 0.76
    0.30 ± 0.47
113.75 ± 41.51
    9.30 ± 1.21

p value

<0.001
<0.001
  0.832
  0.442
  0.048
  0.031
  0.184
  0.442
  0.090

Figure 2. Cosmetic outcomes of ETBA. A: Surgical scars following ETBA-m and B: Surgical scars following sETBA.
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axillary approach (BBIA) (3). These techniques do 
not provide an optimal solution since the axillary scar 
can be rather prominent and it compromises a patient's 
cosmetic appearance, especially for young women who 
wear sleeveless clothing (23). 
 Hur et al. (23) developed a bilateral areolar 
approach (BAA) to endoscopic thyroidectomy, offering 
an advantage of an excellent cosmetic appearance 
compared to other approaches, including BABA. 
ETBA with the mini-instrument results in a scar with 
an almost identical appearance since the 2-mm mini-
incision was no longer evident during the follow-up 3 
months postoperatively. The NSS score did not differ 
significantly for patients who underwent the ETBA-m 
and those who underwent the sETBA, but all of the 
patients who underwent ETBA-m felt that endoscopic 
thyroidectomy with a mini-instrument yielded a better 
cosmetic appearance after viewing a picture of the 
scars of a patient who underwent sETBA. The current 
approach has several advantages over BAA. First, only 
3 incisions are required. Second, total incision length 
can be reduced (22 mm vs. 26 mm). Third, instruments 
were positioned in a triangular shape with larger angles, 
so instruments did not interfere with one another. 
 Proponents of BAA argue that the approach is 
minimally invasive (23). Although patients who 
underwent ETBA-m had significantly less postoperative 
pain than those who underwent sETBA 12 and 24 h 
postoperatively, one cannot rationally conclude that 
ETBA-m is superior, as personal bias may be involved 
(26). However, ETBA-m has the potential to reduce 
invasiveness in terms of total incision length (2.66 ± 
0.09 cm vs. 2.08 ± 0.24 cm, p < 0.001) and the lack of 
a parasternal incision (the triangle-shaped area between 
the nipples does not need to be dissected, reducing the 
area of subcutaneous dissection; 136.25 ± 19.22 cm2 
vs.105.25 ± 9.54 cm2, p < 0.001). Additional research is 
necessary to provide a more comprehensive evaluation.
 In conclusion, use of a mini-instrument in ETBA 
is technically safe and feasible and it offers improved 
cosmetic outcomes compared to sETBA while also 
reducing invasiveness in terms of incision length and 
subcutaneous dissection.
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1. Introduction

This March, as we celebrate the achievements made 
in neuroscience and raise awareness of brain health in 
our communities around the world, it is fitting to re-
visit one of the most fascinating brains on earth, that 
of Albert Einstein - the brain of a true genius. As a 
group of science students, we are fascinated by what is 
under his brain, a finite boundless spherical universe. In 
particular, we are drawn to a recent study of the cerebral 
cortex of Albert Einstein based on newly discovered, 
previously unpublished photographs of Einstein's brain 
(1). What is unique about the structures of his brain? 
What can we learn from this new information? Can we 
explain his extraordinary cognitive capabilities based 

on his unique brain structures? These are just a few 
of the questions we will focus on in this short review 
article. 
 To gain a better understanding of the cognitive 
functions related to the structures of Einstein's brain, 
we collected and critically reviewed all published 
papers describing Einstein's brain, including a recent 
report by Falk and her colleagues (1). A battery of 
unusual external features of Einstein's cerebral cortex 
is discussed in the paper. A comparison of these 
features with known human brain structures reported 
in the literature revealed several interesting features of 
Einstein's brain previously unknown to us.
 After Einstein's death in 1955, his brain was 
carefully dissected, photographed and preserved by 
Princeton Hospital pathologist Dr. Thomas Stoltz 
Harvey. Dr. Harvey cut the brain into 240 pieces; 
some were sent to researchers for examination. Efforts 
were made to identify unusual anatomical features 
in particular on the cerebral cortex to account for 
Einstein's genius (2-5). It is only until recently a 
detailed description of the surface anatomy of the entire 

Summary Albert Einstein's brain has long been an object of fascination to both neuroscience 
specialists and the general public. However, without records of advanced neuro-imaging 
of his brain, conclusions regarding Einstein's extraordinary cognitive capabilities can only 
be drawn based on the unique external features of his brain and through comparison of 
the external features with those of other human brain samples. The recent discovery of 14 
previously unpublished photographs of Einstein's brain taken at unconventional angles by 
Dr. Thomas Stoltz Harvey, the pathologist, ignited a renewed frenzy about clues to explain 
Einstein's genius. Dr. Dean Falk and her colleagues, in their landmark paper published 
in Brain (2013; 136:1304-1327), described in such details about the unusual features of 
Einstein's brain, which shed new light on Einstein's intelligence. In this article, we ask what 
are the unique structures of his brain? What can we learn from this new information? 
Can we really explain his extraordinary cognitive capabilities based on these unique brain 
structures? We conclude that studying the brain of a remarkable person like Albert Einstein 
indeed provides us a better example to comprehensively appreciate the relationship between 
brain structures and advanced cognitive functions. However, caution must be exercised so 
as not to over-interpret his intelligence solely based on the understanding of the surface 
structures of his brain.

Keywords: Albert Einstein's brain, cerebral cortex, cognitive function, Thomas Stoltz Harvey, 
brain photography
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cerebral cortex of Einstein's brain was reported by Dr. 
Falk and colleagues (1). New findings were revealed 
in this study based on 14 previously unpublished 
photographs taken by Dr. Harvey. Importantly, these 
photos were apparently taken at unconventional angles, 
which showed unusual morphological features when 
compared with the external features of other 85 human 
brain samples described in previous studies by Connolly 
(1950) (6) and Ono et al. (1990) (7). All external 
surfaces of the cerebral cortex, the medial surface of 
each hemisphere and the insula of the right hemisphere 
were imaged on these photographs. New surface 
sulci of Einstein's cerebral cortex were identified and 
a road map to the 240 blocks of brain sections was 
provided for future investigators. Although limited 
by the information available on the photographs, the 
unusual features of Einstein's brain are good indications 
of extraordinary cognitive capabilities based on our 
current understanding of cognitive process of humans. 

2. What is unique about the structures of his brain?

Based on the descriptions by Falk et al., (2013) (1), 
a summary of the unusual anatomical features of 
Einstein's cerebral cortex is listed below.

2.1. The frontal lobes 

i). A large 'knob'-shaped fold in the right hemisphere 
representing enlarged motor cortex area for the left 
hand;

ii). The pre-central superior sulcus is continuous with 
the pre-central inferior sulcus in both hemispheres, 
forming a long, continues sulcus. The pre-central 
inferior sulcus terminates extraordinarily high 
above the Sylvian fissure in the left, but not the 
right, hemisphere. Diagonal sulcus exists in both 
hemispheres;

iii). The presence of unusually long and continuous 
mid-frontal sulcus on the right hemisphere which 
divides the middle frontal region into two distinct 
gyri, giving rise to four frontal gyri rather than the 
typical three gyri;

iv). A long, branched inferior frontal sulcus and an 
additional triangular sulcus in the left hemisphere, 
which are located in the pars triangularis;

v). The caudal segment of the inferior frontal sulcus 
is connected with both the diagonal sulcus and the 
pre-central inferior sulcus in the left hemisphere.

2.2. The parietal lobes

i). Morphological features suggest expanded primary 
sensory and motor representations of face and 
tongue in the left hemisphere;

ii). The left Sylvian fissure is separated from the 
postcentral inferior sulcus by a submerged gyrus;

iii). A significantly larger volume of grey matter in the 
angular gyrus in the left hemisphere than that in the 
right hemisphere;

iv). The left superior parietal lobule is separated from 
the inferior parietal lobule by a continue sulcus 
in the left hemisphere, while the two lobules 
are separated by two parallel sulcus in the right 
hemisphere;

v). The united segments of the intraparietal sulcus 
on the right side course upward into the superior 
parietal lobule, rather than along its inferior border.

2.3. The temporal lobes

i). Expanded superior surface of the posterior part on 
the left side than on the right;

ii). Collateral sulcus is divided into two separate 
segments in the left hemisphere.

2.4. The occipital lobes

i). The anterior occipital sulcus in both hemisphere 
are relatively caudal, which might be caused by 
expansion of inferior parietal lobules;

ii). A separate medial segment of the transverse 
occipital sulcus on the left hemisphere that crosses 
its superior margin;

iii). A relatively large additional transverse occipital 
sulcus in the right hemisphere (This variation is not 
included in articles by Ono (1990) (7) and Connolly 
(1950) (6)).

iv). Presence of four transverse occipital sulci;
v). Relatively large additional transverse occipital 

sulcus in the right hemisphere, indicating relatively 
wide occipital lobes near their dorsal rostral 
borders.

2.5. The medial and internal surfaces of the brain

i). The marginal sulcus ends at the superior medial 
border instead of extending on the dorsolateral 
surface of the brain on the medial surface of the left 
hemisphere;

ii). There are four inferiorly directed branches of 
cingulate sulcus on the left hemisphere and 
unnamed sulci in the middle of cingulate gyri in 
both hemispheres, indicating that the cingulate gyri 
may have been relatively convoluted;

iii). No limb of the H-shaped subparietal sulcus crosses 
the superior margin of the right hemisphere;

iv). The cuneus of the left hemisphere are relatively 
ramified, containing inferior and superior sagittal 
sulci;

v). The superior sagittal sulcus and the parieto-occipital 
sulcus are connected in the left hemisphere;

vi). In both hemispheres, parieto-occipital incisures 
are distinct from each other and just caudal to the 
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kind of mistake occurred before. For example, earlier 
studies regarded Einstein's posterior ascending limb 
of the Sylvian fissure as confluent with the postcentral 
inferior sulcus based on the photographs (2). However, 
new photographs taken from another angel revealed 
that the two sulci (fissure) were, in fact, separate (1).
Therefore, caution must be taken when conclusions are 
drawn from these photographs.
 Many unusual features of Einstein's brain were 
identified based on the comparison of Einstein's brain 
with descriptions provided in two previous studies of 60 
(6) and 25 (7) human brains. Because these two studies 
did not provide accurate records of the brain samples 
in terms of race, age and sex, etc., the reliability of the 
identified "unusual features" of Einstein's brain is limited 
and depends on the accuracy of the two reports. For 
example, in the study of Connolly et al. (1950) (6), half 
of the brains were from white Germans; the other half 
were from black Americans. Sample sex, but not age, 
was reported. In the study of Ono et al. (1990) (7), most 
of the specimens were assumed to be Europeans with age 
and sex unknown. It is obviously necessary and ideal to 
match factors such as race, sex and age when comparing 
brain structures, which may lead to the identification 
of more unusual features and elimination of possible 
artifacts. 
 One of the pictures revealed that Einstein's left 
Sylvian fissure was non-confluent with the postcentral 
inferior sulcus and it was suggested that the right 
hemisphere was also the same, assuming from the similar 
external sulcal patterns of the surrounding region. This 
assumption may be unreliable as the layout pattern of 
the cerebral cortex is asymmetric which makes it rather 
difficult to predict features of the opposite hemisphere.

4. Can we explain his extraordinary cognitive 
capabilities based on his unique brain structures?

Einstein has extraordinary cognitive abilities including 
maintaining attention, performing visuospatial tasks 
and mathematical thinking, which facilitate his thought 
experiments (1). The anatomical basis might lie in 
the pattern of Einstein's prefrontal cortex including 
the anterior portion of the frontal lobes (BA10). 
The prefrontal cortex is critical for a group of high-
level cognitive processes including working memory, 
reasoning, task flexibility, and problem solving as 
well as planning and execution (18,19). In Einstein's 
case, his cortex appears to be highly convoluted in 
both hemispheres, which may explain his remarkable 
cognitive strength.
 However, more convoluted brain areas may not 
necessarily correlate with enhanced cognitive functions. 
For example, the unusually convoluted Broca's area, 
relatively expanded left inferior parietal lobule and 
expanded interior parts of Einstein's left primary 
somatosensory area, and the left primary motor cortices 

limiting sulcus of the precuneus. The cunei are 
found unusually convoluted.

2.6. Patalia pattern 

The left occipital lobe is lower, wider towards the 
posterior end than the right occipital lobe. The right 
frontal lobe is wider in the anterior end than the left 
frontal lobe. These features contribute greatly to the 
asymmetry of Einstein's brain.

3. What can we learn from this new information?

The highly advanced cognitive abilities in humans have 
been attributed to an evolutionary increase in both the 
overall brain size (8) and neurological reorganization (9) 
manifested by an asymmetry of the cerebral hemispheres 
and some of their subareas (10,11). Although there is no 
evidence to suggest Albert Einstein's brain is exceptional 
in size (2), the external neuroanatomic features of his 
cerebral cortex involved in specific higher cognitive 
functions appear to be especially marked. 
 The following lists important features. For example, 
the convoluted Broca's speech area of his brain can 
be interpreted as having higher speech abilities. The 
enlarged ‘knob' in the right primary motor cortex 
corresponds to the left hand, which may attribute to 
Einstein's early extensive violin training (12). The 
expanded lower parts of the primary sensory and motor 
cortices in the left hemisphere indicate enhanced sensory 
of the face and tongue (5,13).The relatively expanded 
left inferior parietal lobule suggests relatively great skills 
on language, body image and mathematics. In particular, 
the expanded left angular gyrus facilitates the recognition 
of visual symbols and sensory language (1). Einstein's 
right superior parietal lobule may be larger comparing 
with the left, which are thought to be involved in certain 
aspects of visuospatial imagery (14). The convoluted 
medial surfaces of the occipital lobes including primary 
visual area BA 17 as well as associated visual areas 
BA 18 and BA 19 may be significant during processing 
visual information (15,16). The inferior temporal gyrus 
is relatively expanded on the basal surface of each 
hemisphere, which can be interpreted as having better 
developed high-level processing capabilities associated 
with remembering, recognizing and naming of visual 
objects and forms (1). The medial surfaces manifest 
larger frontopolar region, especially for anterior cingulate 
cortex, which gives implications about neurological 
substrate for the enhanced ability in handling conflicting 
impulses needed in self-regulating behavior (17).
 Despite of the details provided based on the 
photographs, it is possible that some of the descriptions 
are not accurate due to the fact that analysis was based 
only on old monochrome photographs rather than the 
real brain. Possibility exists that the cortical convolution 
was actually not as exaggerated as described. Indeed, this 
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representing face and tongue are considered to be 
involved in language skills, especially speech abilities (1). 
But we did not find sufficient evidence suggesting that 
Einstein exhibited extraordinary abilities in such things. 
In fact, Einstein is an introvert and probably not a good 
speaker (20).
 How to tease out brain structural changes due to 
"nature", but not "nurture", is another difficult issue 
when trying to interpret Einstein's genius based on his 
final brain structures. For example, a large ‘knob'-shaped 
fold representing the left hand in the motor cortex of 
Einstein's right hemisphere can probably be attributed 
to long time violin training during Einstein's early age. 
This unusual feature has been seen in some long-time 
right-handed violinists. A study by Hyde et al.(2009) (21) 
has shown that brain structure changes in the frontal, 
temporal and parieto-occipital lobes in children around 
the age of six after 15 months of keyboard training (21). 
Another study by Christian Gaser demonstrated that gray 
matter volume increased in the brains of musicians (22). 
This type of alteration of brain structures due to "nature" 
has also been reported in animals. For instance, the 
primary somatosensory area of raccoon's forepaw used 
for exploring the environment is greatly enlarged and 
the areas controlling the palm pad and digit area in the 
forepaw are also separated by sulci (23). It is not possible 
at this stage to determine if some of Einstein's unusual 
brain structures were in fact "nature", or "nurture". 
 It is also worth noting that in addition to external 
brain morphology, other factors, such as cortical 
thickness, neuronal density, the neuron to glia ratio, and 
brain chemicals, those also play important parts in a 
person's mental activities. These information is obviously 
not available to us, which make it very difficult to fully 
understand Einstein's brain. Furthermore, we must not 
over interpret Einstein's brain. Because interpretation 
bias occurs when people are constantly aware that they 
are looking at the famous Einstein's brain rather than a 
brain of unknown identity. In psychology, this is termed 
as observer-expectancy effect, in which the observer 
is unconsciously affected by the expectation of certain 
results (24). Such a bias can be controlled with a blinded 
experimental design approach. It is necessary to choose 
observers who are not aware of the identity of the brain 
samples and to derive at their conclusions independently. 
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