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Tongue coating microbiome regulates the changes in tongue
texture and coating in patients with post-menopausal
osteoporosis of Gan-shen deficiency syndrome type
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Abstract. Tongue inspection is a unique and important method
of diagnosis in traditional Chinese medicine (TCM). It is a
daignostic approach which involves observing the changes in
the tongue proper and tongue coating in order to understand
the physiological functions and pathological changes of the
body. However, the biological basis of TCM tongue diagnosis
remains to be poorly understood and lacks systematic inves-
tigation at the molecular level. In this study, we evaluated the
effects of tongue coating microbiome on changes in the tongue
texture and coating in patients with post-menopausal osteopo-
rosis (PMO) of Gan-shen deficiency syndrome type. Our aim
was to delineate the mechanisms of tongue coating micro-
biome-induced changes in the tongue texture and coating by
investigating the histomorphological changes and performing
a bacterial analysis of the tongue coating. We found that the
number of intermediate cells in the red tongue with a thin
coating was higher, while the number of superficial cells in the
red tongue with a thin coating was lower. The maturation value
(MV) of tongue exfoliated cells in the red tongue with a thin
coating decreased, compared with that in the pale red tongue
with a thin white coating. Furthermore, the total bacterial count,
oral streptococcus, Gram-positive (G*) and Gram-negative (G)
anaerobic bacteria in the red tongue with a thin coating was
significantly decreased compared with the pale red tongue with
a thin white coating. The results of ultrastructural examination
demonstrated that the number of epithelial cells and bacteria
in the red tongue with a thin coating decreased compared with
that in the pale red tongue with a thin white coating. These
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observations indicate that the tongue coating microbiome may
be an important factor contributing to changes in the tongue
in patients with PMO of Gan-shen deficiency syndrome type.

Introduction

Traditional Chinese medicine (TCM) has been widely used for
the treatment of various diseases in East Asian countries for at
least 3,000 years, and it is also an alternative and complemen-
tary medical system in Western countries. TCM takes a more
holistic approach to medicine with emphasis on syndrome
differentiation and treatment and the integrity of the human
body, including the close association between humans and their
natural and social environment (1,2). TCM diagnosis is based
on the information collected from four diagnostic processes,
namely, looking, smelling and listening, asking and touching.
The most common tasks are to inspect the tongue and take
the pulse during the process of clinical diagnosis and treat-
ment. Determining the health status of the internal organs of
patients by inspecting the tongue has been a common method
of TCM practitioners for thousands of years. Tongue coating,
one of the direct objective foundations for TCM clinical
diagnosis and treatment, plays a crucial role in reflecting the
occurrence, development and prognosis of disease; thus, it is
of great importance for syndrome differentiation, predicting
prognosis, determining the type of treatment and prescribing
a formula (3.4).

TCM applies various therapeutic methods to promote the
resistance of the body to diseases, according to Zheng (also
known as TCM syndrome) in TCM. Zheng, an essential and
integral part of TCM theory, is a characteristic profile of all
clinical manifestations which can be judged by TCM practi-
tioners. In TCM, all diagnostic and therapeutic methods are
based on the differentiation of Zheng, which is an outcome
after analyzing all symptoms and signs (including inspecting
the tongue and taking the pulse) (5). TCM practitioners differ-
entiate the Zheng of individual patients to be used as a holistic
summary of the health status of the patient and is determined
mainly by the color and texture of the tongue coating (6).
The tongue coating is connected with many parts of the
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human body, such as the internal organs and the meridians.
Therefore, it is very important and useful during examination
for confirming TCM diagnosis as it can present strong visual
indicators of the overall mental and physical disharmony or
harmony of the individual (7). The tongue is divided into the
tongue root, tongue center, tongue margins and tongue tip.
Fig. 1A illustrates each section of the tongue and its corre-
spondence to different internal organs according to TCM. The
bilateral sides of the tongue reflect the pathological changes
in the liver and gallbladders, while the kidneys are mirrored
by the tongue root. The pathological changes in the heart and
lungs are reflected by the tongue tip, while changes in the
spleen and stomach correspond to the center of tongue.

Post-menopausal osteoporosis (PMO), defined as a gener-
alized skeletal disorder due to deteriorating bone quality or
decreased bone density, is the most common cause of age-related
bone loss (8,9). Estrogen deficiency in post-menopausal women
may lead to an increase in bone breakdown related to a decrease
in bone mass and the degeneration of the bone microstructure.
The majority of women >50 years suffer from osteoporotic
fractures during their lifetime (10). PMO is an important
contributor to the global burden of non-communicable disease
and a major public health issue, which belongs to the category
of Gu Wei in TCM theory. The majority of PMO cases belong
to the Gan-shen deficiency syndrome type, a typical clinical
characteristic of which is a red tongue with a thin coating.

In modern Western medicine, the tongue may be used to
provide crucial clues as to the current condition of the human
body and global information as to the health status of an indi-
vidual and has increasingly been viewed as an extension of the
upper gastrointestinal tract. Tongue diagnosis is more convenient
for patients, as well as doctors compared with other diagnostic
regimens, such as tissue biopsies or blood tests (11). Therefore,
studying the molecular bases of tongue diagnosis is important for
understanding this long-standing medical practice and may be a
promising contribution to personalized medicine. In the present
study, we hypothesized that tongue coating microbiome affects
the changes in the tongue in patients with PMO of Gan-shen
deficiency syndrome type. We carried out a histomorphological
examination and bacterial analysis of the tongue coating and
investigated the possible mechanisms mediating the changes
in the tongue. We found that the amount of epithelial cells and
bacteria in the red tongue with a thin coating was lower than
that in the pale red tongue with a thin white coating, which was
accompanied by histomorphological changes in tongue exfoli-
ated cells, demonstrating that the tongue coating microbiome
may be a factor contributing to changes in the tongue.

Materials and methods

General materials. Between January 2012 to March 2013, a
total of 90 patients with PMO and 30 healthy women from the
Second People's Hospital of Fujian Province were enrolled in
this study. Patient materials were recorded in a uniform data
collection table. There was no significant difference in age
between the patients with PMO (60.89+4.57) and the healthy
women (57.56+3.84) (P>0.05), hence comparability.

Inclusion criteria. Women who were post-menopausal for at
least one year and had osteopenia or osteoporosis as evidenced
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by a bone mineral density of <2.5 SD or fragility fractures
according to previously described criteria (12), were included
in this study.

The Gan-shen deficiency syndrome type was differentiated
in reference to the standard for syndromes and the Guiding
Principles of Clinical Research on New Drugs of Traditional
Chinese Medicine, namely, soreness of the waist and knees;
back pain; dysphoria with a feverish sensation in the chest,
palms and soles of the feet; light-headedness; insomnia and
dreaminess; a dry throat and tongue; a red tongue with a thin
coating (Fig. 1C) and pulse count. This study was approved by
the Medical Ethics Committee of the Second People's Hospital
of Fujian Province and all patients and healthy women signed
informed consent forms.

Exclusion criteria. The exclusion criteria included patients
with deranged renal function, abnormal thyroid function,
significant liver disease, a history of cancer, patients who had
received regular therapy with a phosphate-binding antacid,
estrogen replacement therapy within the previous 9-12 months,
therapy with any other drug that affects the skeleton, such as
steroids, anti-convulsants and anticoagulants; patients who
had been treated with any other method which can influence
the observation of indexes in this research; and patients who
gave up the observation halfway and refused to objectively fill
in the indexes in this study.

Collection of exfoliated cells. The tongues of patients and
healthy women were judged by two TCM doctors from between
8-9 a.m. All healthy women exhibited a normal tongue (pale
red with a thin white coating, Fig. 1B). All subjects were asked
to rinse their mouths gently with saline solution. Tongue exfo-
liated cells were scraped from the tongue fur and immediately
smeared on pre-cleaned microscopic slides or collected in a
1.5 ml EP tube.

Histomorphological examination of tongue coating. The
smears were separately fixed with 4% paraformaldehyde solu-
tion (pH 7.3) and 95% alcohol for 15 min and stained with
hematoxylin and eosin (H&E) and Papanicolaou (Pap) to assess
the general morphology. All the slides were observed under
a light microscope using low magnification. The maturation
index (MI) and the proportions of parabasal to intermediate to
superficial cells were recorded for each specimen as previousy
described (13) using the following formula: maturation value
(MV) = parabasal cells x 0 + intermediate cells x 0.5 + super-
ficial cells x 1.0.

Analysis of tongue coating bacteria. Tongue coating (0.1 g)
was scraped from the middle of the tongue using a sterile
curette, shocked and diluted 10 times from 107'-10-°. Ten
1 107-10°¢ diluted solution was evenly smeared onto two
dishes and incubated for 48 h in an anaerobic box. Anaerobic
bacteria isolation used the triple scale identification of clinical
anaerobic bacteria. The numbers of bacteria were detected by
log (colony-forming units, CFU/g).

Holistic morphology of tongue coating. The smears of the
tongue coating were fixed with 2% glutaraldehyde solution,
washed with 0.1 M sodium cacodylate buffer and post-fixed
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Figure 1. Traditional Chinese medicine (TCM) tongue diagnosis and tongue coating appearance classification. (A) Sections of the tongue and their correspon-
dence to internal organs in TCM; (B) a pale red tongue with a thin white coating represents a healthy individual; (C) a red tongue with a thin coating represents

a patient with Gan-shen deficiency syndrome type.
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Figure 2. Histological analysis of tongue exfoliated cells. Smears of the tongue coating stained with H&E, illustrating the histological changes. The epithelial cells
from the pale red tongue with a thin white coating revealed that the largest cells are flattened and oval in shape with a low nucleus to cytoplasm (N/C) ratio and small
and oval to pyknotic nuclei (A-D, x200). The smears from the red tongue with a thin coating showed a few epithelial cells with a clear background (E-H, x200).

with 1% osmium tetroxide. After dehydrating with an alcohol
gradient series and dehydrating with isoamyl acetate again, the
smears were dried using a critical point dryer (HCP-2; Hitachi,
Tokyo, Japan). After being coated with a layer of gold, all
smears were observed under a scanning electron microscope
(SEM, JSM-6380LV; Jeol, Tokyo, Japan).

Ultrastructural examination of tongue coating. The precipi-
tation of tongue coating was fixed in 3% glutaraldheyde and
1.5% paraformaldehyde solution (pH 7.3) at 4°C for 24 h,
post-fixed with 1% osmic acid and 1.5% potassium hexacyano-
ferrate (IT) solution (pH 7.3) at 4°C for 2 h. The samples were
then washed, dehydrated with graded alcohol and embedded
in Epon-Araldite resin. Ultra-thin sections were cut on a
Leica ultramicrotome and stained 2% aqueous uranyl acetate,
counterstained with 0.3% lead citrate and examined under a
transmission electron microscope (TEM, H7650; Jeol).

Safety estimation. The symptoms and physical signs of
adverse reactions that occurred were recorded and routine
tests on blood, urine and stool, liver and renal functions were
performed, as well as an electrocardiogram (ECG).

Statistical analysis. All data are represented as the means
+ standard deviation (SD) and analyzed using the SPSS
package for Windows (version 13.0). Statistical analysis of the
data was performed using a paired samples t-test. A value of
P<0.05 was considered to indicate a statistically significant
difference.

Results

Histomorphology of tongue exfoliated cells. The epithelial
cell types were readily identified and their proportions in
the tongue exfoliated cell smears were applied in the char-
acterization of changes in the tongue coating. Superficial
cells, the largest cells, were flattened and oval in shape with
a low nucleus to cytoplasm (N/C) ratio and small and oval
to pyknotic nuclei. As shown in Fig. 2, the morphology of
intermediate cells varied in size from small and medium to
large, but was no larger than the superficial cells. Intermediate
cells wer round to oval in shape with round and slightly flat-
tened vesicular nuclei and smooth cytoplasmic and nuclear
membranes. The parabasal epithelial cells, characterized by
a high N/C ratio, were the thickest and smallest cells with
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Figure 3. Changes in keratinocyte of tongue exfoliated cells. Tongue exfoliated cells with Pap staining are mainly classified into parabasal, intermediate and
superficial cells. The parabasal cells are mainly round in shape with apparently spherical nuclei and the cytoplasm is dyed bright blue. The intermediate cells
are varied shape (round, oval and boat) and the cytoplasm is dyed blue. The superficial cells (the largest cells) are flattened and oval in shape with small and
oval to pyknotic nuclei and the cytoplasm is dyed red. The pale red tongue with a thin white coating was composed of keratinocytes and a few intermediate
cells (A-D, x200). The red tongue with a thin coating consisted mature keratinocytes and many intermediate cells (E-H, x200). (I and J) The maturation index
(MI) and maturation value (MV) of the tongue exfoliated cells were calculated to identify the proportions of parabasal to intermediate to superficial cells. Data

are + SD (error bars), “P<0.01 vs. pale red tongue with thin white coating.

apparently spherical nuclei and smooth, rounded cytoplasmic
and nuclear membranes.

changes in MI and MV in the tongue exfoliated cells in
patients with PMO of Gan-shen deficiency syndrome type.
Pap staining is mainly used for the analysis of changes in
keratinocyte in the tongue coating. Keratinocytes according
to the degree of differentiation are classified into precorni-
fied cells, immature keratinocytes and mature keratinocytes.
The pale red tongue with a thin white coating was mostly
composed of keratinocytes, including some immature kera-
tinocytes and mature keratinocytes and a few intermediate
cells (Fig. 3A-D). The smears from the red tongue with a thin
coating had a clearer background than those from the pale red
tongue with a thin white coating. The number of epithelial
cells in the red tongue with a thin coating decreased and
mainly consisted of mature keratinocytes and many interme-
diate cells (Fig. 3E-H).

MI (the percentage of parabasal to intermediate to super-
ficial cells) and MV are indicators in the pathophysiology of

tongue exfoliated cells and indicate the maturity of epithelial
cells. The number of intermediate cells in the red tongue with
a thin coating (58.83+6.62%) was higher than that in the pale
red tongue with a thin white coating (37.50+5.32%, P<0.01).
The number of superficial cells in the red tongue with a thin
coating 41.17+6.62% was lower than that in the pale red tongue
with a thin white coating (62.50+5.32%, P<0.01) (Fig. 3I). The
MYV of the tongue exfoliated cells (70.58+3.31%) from the
red tongue with a thin coating was significantly decreased
compared with that from the pale red tongue with a thin white
coating (81.25+2.66%, P<0.01) (Fig. 3J), suggesting that the
red tongue with a thin coating mainly consisted of interme-
diate cells.

Tongue coating microbiome-induced changes in patients
with PMO of Gan-shen deficiency syndrome type. Bacteria
from the pale red tongue with a thin white coating and from
the red tongue with a thin coating consisted of oral strepto-
cocci, Veillonella, Gram-positive (G*) anaerobic bacteria,
Gram-negative (G’) anaerobic bacteria and aerobic bacteria,
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Figure 4. Changes in bacteria in tongue coating. Changes in the amount of
bacteria between the pale red tongue with a thin white coating and the red
tongue with a thin coating. Shown is the total bacterial count, oral strepto-
cocci, G* anaerobic bacteria and G anaerobic bacteria. Data are presented
as the means = SD (error bars), 'P<0.05 vs. pale red and thin white coating.

as the main parts of the tongue microbiome. As illustrated
in Fig. 4, the total bacterial count in the red tongue with a
thin coating (8.63+0.78 CFU/g) was significantly decreased
compared with that in the pale red tongue with a thin white
coating (9.64+0.36 CFU/g, P<0.05). The amount of oral
predominant bacteria (oral streptococci and G* anaerobic
bacteria, 8.40+0.83 and 7.40+1.20 CFU/g) in the red tongue
with a thin coating was lower than that in the pale red tongue
with a thin white coating (8.96+0.41 and 8.86+0.92 CFU/g,
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P<0.05). The amount of G~ anaerobic bacteria in the red tongue
with a thin coating 7.60+1.24 CFU/g was lower than that in the
pale red tongue with a thin white coating (8.80+0.87 CFU/g,
P<0.05). Thus, the changes in the bacterial count may be an
important factor contributing to tongue coating microbiome-
induced changes in the red tongue with a thin coating.

Ultrastructural changes in the tongue coating in patients
with PMO of Gan-shen deficiency syndrome type. The tongue
coating is mainly composed of exfoliated cells, bacteria, food
residuals and mucus. Individual epithelial cells and/or scattered
squamous epithelial cells together were visible in the tongue
exfoliated cells (Figs. 5 and 6). Coccus and bacillus were the
most abundant bacteria in the tongue dorsum microbiome.
Tongue exfoliated cells were generally irregular and charac-
terized by many microvilli-like structures and corrugations at
the cellular surface (Figs. 7 and 8). The cytoplasm contained
few organelles and presented clearly visible tonofilaments. The
nuclei of the tongue exfoliated cells were oval in shape with
indentations and heterochromatin was observed preferentially
at the periphery of the nucleus. Desmosomes providing inter-
cellular adhesive strength required for the integrity of epithelial
cells were present in a few tongue exfoliated cells (Fig. 7I-L).
Tongue exfoliated cells were surrounded by a large number of
cocci and bacilli. The amount of epithelial cells and bacteria
in the red tongue with a thin coating was lower than that in
the pale red tongue with a thin white coating (Figs. 5-8). Our
results revealed that the number of epithelial cells and bacteria
in the red tongue with a thin coating significantly decreased,
indicating that the tongue coating microbiome plays an impor-
tant role in changes in the tongues of patients with PMO of
Gan-shen deficiency syndrome type.

Figure 5. Holistic morphology of pale red tongue with thin white coating. Holistic morphology of tongue coating obtained by a scanning electron microscope
(SEM). (A-P) Images of healthy women. Pale red tongue with a thin white coating contained many epithelial cells and bacteria.
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Red tongue & thin coating

Figure 6. Holistic morphology of red tongue with thin coating. Holistic morphology of tongue coating obtained by a scanning electron microscope (SEM).
(A-P) Images of patients with post-menopausal osteoporosis. Red tongue with a thin coating contained a few epithelial cells and bacteria.
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Figure 7. Ultrastructural characteristics of pale red tongue with thin white coating. Ultrastructural characteristics of tongue coating obtained using a transmis-
sion electron microscope (TEM). (A-L) Images of healthy women. Pale red tongue with thin white coating contained many tongue exfoliated cells with many
microvilli-like structures and corrugations at the cellular surface, as well as abundant bacteria. The nuclei of tongue exfoliated cells had a small oval-like
shape with indentations. (I-L) Desmosomes are present between the tongue exfoliated cells. Magnification: (E) x3,000; (A, D and F) x5,000; (C) x7,000; (G
and I) x8,000; (B) x15,000; (H, J and K) x30,000; and (L) x50,000.

Discussion used in the discrimination of Zheng; among these the tongue

is one of the major factors. It is understood that the human
In the long history of traditional clinical practice in China, microbiome is associated with a number of diseases and
TCM practitioners have typically classified patients of the the human health status (14,15). Thus, we hypothesized that
same disease into subtypes as different Zheng from a holistic =~ changes in the texture and coating of the tongue may mirror
perspective on the patient overall status. Many factors are  features of the tongue microbiome, which is associated with
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Figure 8. Ultrastructural characteristics of red tongue with thin coating. Ultrastructural characteristics of tongue coating obtained using a transmission
electron microscope (TEM). (A-L) Images of patients with post-menopausal osteoporosis. Red tongue with a thin coating contained a few tongue exfoliated
cells and bacteria. Magnification: (A and L) x4,000; (C, D, I, J and K) x5,000; (G) x6,000; (B, E and F) x10,000; and (H) x12,000.

the health status of the human body in patients with PMO of
Gan-shen deficiency syndrome type. To examine this hypoth-
esis, we performed a bacterial analysis of tongue coating
samples from 90 patients with PMO (of Gan-shen deficiency
syndrome type) with a red tongue with a thin coating, as well
as 30 healthy women with a pale red tongue with a thin white
coating. We found that the amount of epithelial cells and
bacteria in the red tongue with a thin coating was decreased
and this was accompanied by histomorphological changes in
tongue exfoliated cells. In addition, the tongue exfoliated cells
mainly consisted of intermediate cells in the red tongue with
a thin coating. Taken together, our results demonstrate that
the tongue microbiome may be a key factor contributing to
changes in tongue texture and coating.

Tongue diagnosis, a simple, valuable and non-invasive
diagnostic method, has been repeatedly verified by clinical
practitioners of TCM. TCM treats tongue appearance as an
outer manifestation of the status of the human body by exam-
ining the local and general shape, as well as the color of the
coating and tongue (16). A pale red tongue with a thin white
coating is considered normal tongue according to TCM. Some
characteristic changes occur in the tongue during the process
of disease diagnosis. Most tongue attributes are on the tongue
surface, including color, coating, moisture, size and shape.
These signs not only reveal the overall status of the human
body, but also correlate with specific disharmonies and organ
functions (17). The color and the coating are the two main
features of the tongue in Zheng diagnosis. The color of the
tongue provides information as to the health status of an indi-
vidual. For example, a a white tongue suggests the existence
of mucus deposits, cold attack or a weakness in the blood and
a dark red color indicates ulcerations or inflammation (18).
Moreover, blue or purple points out stagnation of the blood
circulation and a yellow tongue indicates a disorder of the
liver and gallbladder that corresponds to the area of the tongue
where the color appears.

The tongue surface is covered with a layer of semi-
transparent mucosa and the tiny projections on the mucosal
fold are termed tongue papillae, which are classified into four
types, including the foliate papillae, circumvallate papillae,
fungiform papillae and filiform papillae (19,20). The fungi-
form papillae and filiform papillae are closely associated with
the condition of the tongue. The cone-shaped filiform papillae
are the most abundant and are distributed over the tongue
tip, tongue body and tongue edges. The exfoliated cells, food
residuals, bacteria and mucus may fill up in the interspaces of
filiform papillae and form the white fur-like substance, termed
the tongue coating. The results from the present study demon-
strated that the pale red tongue with a thin white coating was
mostly composed of keratinocytes and a few intermediate
cells; however, the red tongue with a thin coating consisted of
mature keratinocytes and many intermediate cells. The MV
of tongue exfoliated cells in the red tongue with a thin coating
decreased compared with that in the pale red tongue with a
thin white coating.

Previous studies have reported that TCM tongue diagnosis
is a helpful approach for making a clinical decision (21,22).
The term ‘geographic tongue’ has been used to refer to tongues
with discoloured cracks or regions that accompany environ-
mental sensitivity or illness (23,24). In edentate patients, the
tongue coating may be an indicator of the risk of aspiration
pneumonia, as it is also associated with a number of viable
salivary bacteria (25). It has been reported that the microfloral
characterization of the tongue coating may be associated with
the risk of pneumonia-related health issues in institutionalized
older adults (26). Hence, the tongue may have the potential for
inferring systemic disorders in clinical diagnoses. However,
the biological bases of different tongue coating appearances
remains poorly understood and lacks systematic investiga-
tion at the molecular level. Therefore, in the present study,
we examined whether the tongue coating microbiome affects
changes in the tongue.
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In modern Western medicine, the tongue microbiome
affecting changes in the tongue is identified as a key
factor (27,28). Statistical analyses of the tongue dorsa bacteria
have demonstrated the potential connection between the tradi-
tional tongue diagnosis and the tongue microbiome (29,30).
Compared with the normal tongue dorsa bacteria, we found
that the total bacterial count, oral streptococci and G* anaerobic
bacteria in the red tongue with a thin coating was significantly
decreased. The comparison results were demonstrated by the
ultrastructural changes in the tongue coating in patients with
PMO of Gan-shen deficiency syndrome type. Therefore, it is
rational that the tongue microbiome may reflect the health
status of the human body.

In conclusion, we revealed the possible mechanisms
underlying traditional tongue diagnosis and highlighted the
potential for using tongue microbiome features to reflect the
holistic status of the human body by studying the tongue
microbiomes of patients with PMO and healthy women using
bacterial analysis. Our current sample size was small however,
and further studies with a greater sample size are required in
order to gain a comprehensive understanding of this system.
The observations described in this study may provide new
insight into the biological basis of TCM tongue diagnosis.
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