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SUMMARY

Keywords

Can irritable bowel syndrome be detected by ultrasound?

Yohei Okawa*

Department of Nursing, Kochi University School of Medicine, Japan. 

functional gastrointestinal disease, gastrointestinal symptoms, constipation

Functional gastrointestinal disease is one in which gastrointestinal symptoms persist chronically or 
recurrently. This disease is challenging because it does not have an organic cause that can be detected 
in routine laboratory tests. Among them, the symptoms of irritable bowel syndrome (IBS), which is a 
type of functional gastrointestinal tract disease, include abnormal bowel movements associated with 
abdominal pain. However, no specific test has been established to definitively diagnose these diseases, 
including IBS. The traditional Rome IV diagnostic criteria are used to diagnose IBS by assessing 
subjective symptoms. However, it has been suggested that IBS is difficult to diagnose using the Rome 
IV criteria among unconscious or cognitively impaired patients. It is recommended that abdominal 
ultrasonography be used to assess IBS with diarrhea and constipation. Previously, constipation among 
elderly people who ingested food orally was objectively assessed by ultrasound, and colonic fecal 
distribution patterns were classified in constipated patients and healthy people. Objective visualization 
of the large intestine was used to assess constipation. Therefore, fecal retention among adults and 
elderly individuals was reported using ultrasonography. It was suggested that stool retention could 
be confirmed by observing the hyperechoic region of the rectum. Strong hyperechoic regions with 
acoustic shadows in the rectum indicate the presence of hard stools, thus enabling medical workers to 
identify constipation. In the future, ultrasonography may be useful for diagnosing IBS in unconscious 
patients or those with cognitive decline.

1. Introduction

Functional gastrointestinal disease is a disease in 
which gastrointestinal symptoms persist chronically 
or recurrently. There are no organic lesions on clinical 
examination, and the symptoms are due to functional 
abnormalities (1). Types of functional gastrointestinal 
disorders include irritable bowel syndrome (IBS), 
functional abdominal distension, functional constipation, 
functional diarrhea, and unspecified functional bowel 
disease (1-3). Symptoms of IBS, which is a typical 
functional gastrointestinal disorder, include abdominal 
pain, abdominal discomfort, and associated bowel 
abnormalities (3). However, objective examination that 
can make a definitive diagnosis has not been established 
for these disease groups, including IBS. Therefore, we 
suggest that a novel, objective method for diagnosing 
IBS should be developed based on various views of 
articles.

2. Diagnosis of IBS

Recently, Rome IV diagnostic criteria have been used 

as diagnostic criteria for IBS by assessing subjective 
symptoms (1-4). The Rome IV diagnostic criteria can 
distinguish functional bowel disease with chronic 
symptoms from transient gastrointestinal symptoms. 
The criteria include abdominal pain and defecation 
disorders occurring more than 6 months before diagnosis 
and for more than 3 days in the last 3 months (3,4). 
Defecation disorder subtypes can be classified into 
IBS with diarrhea (IBS-D) and IBS with constipation 
(IBS-C); these subtypes are considered useful in clinical 
practice. Stool shapes range from watery to hard stools, 
and it has been suggested that transit time through the 
gastrointestinal tract is reflected by stool shape (5,6). 
On the other hand, it has also been reported that the 
defecation frequency and transit time of IBS patients 
are often the same as those of healthy subjects (7,8). 
This classification method includes that in addition to 
diarrhea type and constipation type, there are patients 
who are judged as having mixed IBS (IBS-M) with both 
characteristics and those with unsubtyped IBS (IBS-U), 
which does not include all criteria (2-4). However, this 
diagnosis is limited to those patients who have a clear 
awareness. Rome IV criteria are evaluated based on 
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the patient's subjective symptoms, which are based on 
abdominal pain (4). This fact suggests that it is difficult 
to use the Rome IV criteria to diagnose IBS in patients 
that are unconscious or have cognitive decline.
	 A previous study suggested that it is difficult to 
completely exclude organic diseases by diagnosing 
symptoms using only the Rome criteria (9). On the other 
hand, the study also suggested that the Rome criteria 
can be used to exclude unnecessary examinations and 
that other diseases can be significantly narrowed down 
(9). However, many physicians do not remember the 
diagnostic criteria for IBS; it has been reported that 
physicians use diagnostic criteria in only 4% of clinical 
practice. In addition, there is not enough evidence that 
the Rome criteria can be used to diagnose unconscious 
patients or those with cognitive decline because the 
Rome criteria evaluate only subjective symptoms. 
Additionally, many epidemiological studies have 
indicated that the Rome IV criteria are not sufficient. 
However, several epidemiological studies have used 
the Rome II criteria, which are effective for diagnosing 
IBS. Additionally, the Rome III criteria were developed 
in statistical studies of epidemiological data based on 
the Rome II criteria. Furthermore, a number of studies 
have suggested that the home environment, psychosocial 
factors, gastrointestinal motility abnormalities, visceral 
hypersensitivity, intestinal bacteria, and brain-intestinal 
correlations have been thoroughly examined (4,10). 
However, the Rome criteria are based only on the 
patient's subjective symptoms, such as abdominal pain or 
defecation. Therefore, there is not enough evidence that 
the Rome criteria can be used to diagnose unconscious 
patients or those with cognitive decline.

3. Subjective symptoms can be evaluated by 
questionnaires

The diagnosis of IBS is made by Rome IV diagnostic 
criteria (4) and other questionnaires. However, there are 
various factors related to the onset of IBS, so several 
questionnaires are used to evaluate the relationship 
between daily living conditions, quality of life (QOL), 
psychological conditions and abdominal symptoms (11-
14). The evaluation of QOL using the SF-36 is clinically 
useful because it can be compared with that of patients 
with other diseases. In addition, the IBS-QOL, which is 
an IBS-specific QOL survey, is effective in assessing the 
effects of treatment (15). SCL-90-R, HDRS (16), EPQ, 
and DSSI (11) are also available. The symptoms of IBS 
patients can be evaluated by using a combination of these 
questionnaires. In particular, these questionnaires might 
reveal mental problems, such as anxiety and depression.

4. Effects of colonoscopy and colonography as 
objective methods of evaluation

The diagnosis of IBS is based on the Rome IV 

diagnostic criteria (2,4) and other questionnaires 
(17,18). However, it is difficult to subjectively evaluate 
patients who are unconscious or have reduced cognitive 
function. Therefore, it is important to use objective 
evaluation methods. There are few epidemiological 
studies on the effectiveness of colonoscopy and 
colonography in the diagnosis of IBS. A previous 
study suggested that pain during colonoscopy was 
significantly more severe in IBS patients than in non-
IBS patients (19). Furthermore, another previous study 
of colorectal angiography also suggested that IBS 
patients showed significant spasm compared with those 
without abdominal symptoms (20). Although the use 
of routine colonoscopy and colon radiography in the 
current diagnosis of IBS is not required, evidence-based 
objective methods of evaluation may be necessary for 
exclusion diagnosis, especially for patients with signs 
of IBS.

5. Abdominal ultrasound may be used to objectively 
and noninvasively evaluate IBS

Although there are few epidemiological studies on the 
usefulness of endoscopic imaging examinations on 
anything other than the large intestine in the diagnosis 
of IBS, there are articles on ultrasound examination and 
upper gastrointestinal endoscopy (21). In a previous 
study on ultrasound, it was reported that the contractile 
movement of the gallbladder was higher in the IBS 
group than in the control group in both the fasted state 
and after diet loading (22,23). It has been suggested 
that IBS is associated with cholecystectomy, but the 
small number of cases and its direct association with 
IBS symptoms are unknown. In addition, a previous 
study in Japan evaluated colonic motility by abdominal 
ultrasonography and reported that colonic contraction in 
the IBS group was enhanced by observing the sigmoid 
colon on an empty stomach. In the postmeal observation 
of the sigmoid colon, 9 IBS cases diagnosed by Rome 
II criteria and 4 controls were compared. In IBS-C, 
segmental movement was enhanced. On the other hand, 
in IBS-D, enhanced transport of intestinal contents to 
the anus was observed (24). Based on these reports, 
ultrasonic examination can be considered a noninvasive 
examination and is expected to be useful for the 
evaluation of intestinal motility. However, since there 
are few research reports, future verification is expected.
	 Furthermore, very few reports have diagnosed 
IBS using ultrasound. Among them, some previous 
studies have confirmed the characteristic changes in 
the gastrointestinal tract of IBS by using ultrasound. 
In a previous study, ultrasound was used to investigate 
the gastric emptying rate (GER) and antral motility 
of 76 IBS children who met the Rome III diagnostic 
criteria. The GER was significantly reduced in the IBS 
group exposed to stressful events. This result indicates 
that in IBS patients, stress causes more damage to the 
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suggested that stool retention can be confirmed by 
observing the hyperechoic region of the rectum.
	 Furthermore, it has been reported that a hyperechoic 
region is also found in the rectum of patients with 
functional constipation (30-32). The strong hyperechoic 
region with acoustic shadow in the rectum indicates 
the presence of hard stool and has been suggested to be 
able to identify IBS.
	 However ,  previous s tudies  evaluated only 
constipation patients and did not adequately examine 
diarrhea in enterally fed elderly people with impaired 
cognitive motor function. In addition, ultrasound has 
been used to diagnose enteritis in the digestive tract. 
In the case of infectious enteritis and ischemic colitis, 
specific echo findings are recognized, and ultrasound 
can be used to diagnose the disease. Thus, while the 
effectiveness of ultrasound has been shown for specific 
diseases, it has not been verified for diarrhea in elderly 
individuals.
	 In Japan, the 2016 medical fee revision (33) 
established a new "urination independence guidance 
fee", which includes "remaining urine measurement" 
using ultrasound and "urination diary" as requirements. 
Ultrasound has become a new assessment method 
for which general nurses should learn and develop 
educational programs for nurses (34-39). From the above, 
if it becomes possible for a nurse to predict diarrhea by 
using ultrasound, they can change the content of meals 
according to the individuality of the elderly patient and 
provide excretory supplies (incontinence pants, diapers, 
pads, etc.). Drug administration will make the daily life 
of patients safer and easier. Therefore, future research 
should examine these subjects.

7. Limitation

Rome IV diagnostic criteria based on subjective 
symptoms are used to diagnose IBS. This approach is 
limited to those who can communicate and complain 
on their own. On the other hand, ultrasonic waves can 
be a tool for diagnosing IBS by an objective index. To 
date, it has been reported by several previous studies 
that constipation and normal stool can be confirmed 
percutaneously easily and noninvasively. However, it is 
difficult to evaluate abdominal pain, which is essential 
for IBS diagnosis, by ultrasound. In the future, further 
visualization of defecation disorders and indicators that 
can objectively evaluate abdominal symptoms, such as 
abdominal pain, should be verified.

GER and antral motility than in healthy individuals. 
In this ultrasound study, the GER and pyloric motility 
slowed gastric emptying and impaired pyloric sinus 
motility in all four IBS subtype children. However, 
a clear relationship between gastrointestinal motility 
abnormalities and symptoms has not been shown (25). 
In addition, a previous study investigating whether 
transvaginal ultrasound was useful in diagnosing IBS 
reported that the intestinal wall of the sigmoid colon 
was thickened in approximately 27 patients with a 
history of IBS (26). However, transvaginal ultrasound 
is a test for women only, and it is a difficult method for 
people living a general healthy social life.
	 Thus, studies on IBS diagnosis using ultrasound 
have not been sufficiently conducted. Several 
transvaginal and transrectal research methods have been 
reported (25-28), all of which are painful for patients 
and difficult to use in home care and medical facilities.
	 In recent years, it has become possible to easily 
and noninvasively inspect constipation by applying a 
small ultrasonic wave percutaneously to the abdominal 
wall (29). In particular, elderly people with impaired 
cognitive motor function cannot complain of subjective 
symptoms, so it is an important advance to easily 
test for constipation and diarrhea with such a small 
ultrasound procedure.

6. Is it possible for nurses to objectively evaluate IBS 
by using ultrasound?

Ultrasound can visualize information in the body in 
real time by simply applying a probe to the abdomen. 
In addition, unlike X-ray abdominal radiography, 
there is no exposure, and it can be repeated (Table 
1). Furthermore, in recent years, the development of 
pocket-sized ultrasound devices has rapidly advanced 
(29), and it is becoming possible to use ultrasound not 
only in the examination room but also at home or at the 
bedside (30,31).
	 In a previous study, constipation among elderly 
people who ingested food orally was evaluated 
objectively by ultrasound, and the fecal distribution 
pattern of the large intestine was classified in patients 
with constipation (29,30). Objective visualization of 
the large intestine was used to evaluate constipation. 
For this reason, fecal retention was reported using 
ultrasonography in adults and elderly individuals, 
and Japanese nurses used ultrasound as a physical 
assessment tool to assess constipation (31). It has been 

Table 1. Examination of intestinal colon

Examination
Abdominal X-ray

CT imaging
MRI scan
Ultrasound imaging (US)

Evaluate contents 
Distribution of stool (volume)
Colonic transit time (movement)
Distribution of stool (volume and quality)
Distribution of stool (volume and quality)
Distribution of stool (volume, quality and movement)

Real time
No

No
No
Yes

Invasion
Radiation exposure

Radiation exposure
Take up too much time; Noise exposure
Non-invasive
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8. Conclusion

The traditional Rome IV diagnostic criteria are used to 
diagnose IBS by assessing subjective symptoms. The 
Rome IV diagnostic criteria can distinguish between 
functional bowel disease with chronic symptoms and 
transient gastrointestinal symptoms. The Rome IV 
criteria assess whether abdominal pain and defecation 
disorders occurred more than 6 months before diagnosis 
and whether these symptoms persisted for more than 
3 days in the last 3 months. The defecation disorder 
subtypes can be divided into IBS-D and IBS-C, but this 
diagnosis is used only in patients with clear awareness. 
The Rome IV criteria are used to assess subjective 
symptoms in patients who have abdominal pain or 
bowel movements, suggesting that diagnosing IBS using 
the Rome IV criteria among unconscious patients or 
cognitively impaired patients is difficult.
	 It is recommended that abdominal ultrasonography 
be used to assess IBS. In a previous study, constipation 
among elderly people who ingested food orally was 
objectively assessed by ultrasound, and the pattern of 
fecal distribution in the large intestine was classified 
in patients with constipation. Objective visualization 
of the large intestine was used to assess constipation. 
Therefore, fecal retention among adults and elderly 
individuals was reported using ultrasonography. 
Thus, it was suggested that stool retention could be 
confirmed by observing the hyperechoic region of the 
rectum. Furthermore, hyperechoic regions have also 
been reported in the rectum of patients with functional 
constipation. Furthermore, strong hyperechoic regions 
with acoustic shadows in the rectum indicate the 
presence of hard stools, thus enabling medical workers to 
identify constipation. In the future, ultrasonography may 
be useful for diagnosing IBS in unconscious patients or 
those with cognitive decline.
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Recently, it has been suggested that glucose-dependent insulinotropic polypeptide (GIP) and glucagon-
like peptide 1 (GLP-1), which play important roles in the homeostasis of glucose metabolism, could be 
involved in the regulation of bone metabolism. Inhibitors of dipeptidyl peptidase 4 (DPP-4), an enzyme 
that degrades GIP and GLP-1, are widely used clinically as a therapeutic agent for diabetes. However, 
the effects of DPP-4 inhibitors on bone metabolism remain unclear. In this study, we investigated the 
effects of linagliptin, a DPP-4 inhibitor, on bone fragility induced by type 2 diabetes mellitus (T2DM). 
Non-diabetic mice were used as controls, and T2DM mice were administered linagliptin orally on a 
daily basis for 12 weeks. In T2DM mice, decreased bone mineral density was observed in the lower 
limb bones along with low serum osteocalcin levels and high serum tartrate-resistant acid phosphatase-
5b (TRAP) levels. In contrast, the decreased serum osteocalcin levels and increased serum TRAP 
levels observed in T2DM mice were significantly suppressed after the administration of linagliptin 30 
mg/kg. Bone histomorphometric analysis revealed a reduced osteoid volume and osteoblast surface 
with an increase in the eroded surface and number of osteoclasts in T2DM mice. This decreased bone 
formation and increased bone resorption observed in the T2DM mice were suppressed and trabecular 
bone volume increased following the administration of 30 mg/kg linagliptin. Collectively, these 
findings suggest that linagliptin may improve the microstructure of trabecular bone by inhibiting both 
a decrease in bone formation and an increase in bone resorption induced by T2DM.

1. Introduction

The bone is a metabolically active organ that undergoes 
continuous remodeling due to bone resorption by 
osteoclasts and bone formation by osteoblasts (1). 
Under healthy conditions, the balance between bone 
formation and bone resorption remains consistently 
uniform; thus, bone strength and bone density are 
maintained. Certain pathological states and drugs affect 
normal bone remodeling, which can induce skeletal 
disorders including osteopenia or osteoporosis (2).
	 Diabetes mellitus increases bone fragility by affecting 
bone metabolism, resulting in secondary osteoporosis, 
which increases the risk of fractures in patients (3-
7). Furthermore, it has been revealed that several oral 
hypoglycemic agents affect bone metabolism (8). Long-
term users of thiazolidinedione, an insulin sensitizer, 

have been reported to be at a significantly increased 
risk of fractures (9-12). Previous investigations have 
indicated that suppressed bone formation (13) and 
enhanced bone resorption (14) are the mechanisms 
underlying thiazolidine-induced bone fragility. Recently, 
it has been suggested that the incretins glucose-dependent 
insulinotropic polypeptide (GIP) and glucagon-like 
peptide 1 (GLP-1), which play an important role in the 
homeostasis of glucose metabolism, may be involved in 
the regulation of bone formation (15) and bone resorption 
(16). Currently, GLP-1 receptor agonists, which enhance 
incretin action, and inhibitors of dipeptidyl peptidase 4 
(DPP-4), an enzyme that degrades GIP and GLP-1, are 
extensively used clinically as therapeutic agents in type 
2 diabetes mellitus (T2DM). However, the effects of 
GLP-1 receptor agonists and DPP-4 inhibitors on bone 
metabolism have not been clarified. In this study, we 
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investigated the effects of linagliptin, a DPP-4 inhibitor, 
on bone fragility induced by T2DM in obese mice.

2. Materials and Methods

2.1. Animals

Five-week-old male obese type 2 diabetic mice (BKS.
Cg-+ Leprdb/+ Leprdb/Jcl) and age-matched non-diabetic 
mice (BKS.Cg-m +/ + Leprdb/Jcl) were purchased from 
CLEA Japan Inc. (Tokyo, Japan). The animals were 
housed at 22 ± 2°C and 55 ± 5% humidity on a 12-h 
light-dark cycle with ad libitum access to standard 
chow (MF; Oriental Yeast Co., Tokyo, Japan) and 
water. All procedures were approved by the Animal 
Research Committee of Niigata University of Pharmacy 
and Applied Life Sciences according to the Japanese 
Government Animal Protection and Management Law 
and the Japanese Government Notification on Feeding 
and Safekeeping of Animals.

2.2. Drugs

Commercially available linagliptin (Nippon Boehringer 
Ingelheim Co., Ltd., Tokyo, Japan) agents was obtained 
and suspended in 0.2% carboxymethylcellulose sodium 
solution (CMC-Na; Sigma-Aldrich, St. Louis, MO, 
USA).

2.3. Experimental procedure

The animals were randomly divided into four groups 
(10 animals per group): [1] non-diabetic mice (non-
DM), [2] T2DM mice treated with vehicle (0.2% CMC-
Na) (T2DM), [3] T2DM mice treated with 3 mg/kg 
linagliptin (Lina 3), and [4] T2DM mice treated with 30 
mg/kg linagliptin (Lina 30). The drug doses were selected 
based on a previous report (17) relevant to the effective 
doses of linagliptin with regard to glucose metabolism in 
obese mice. The treatments were administered via oral 
gavage at a volume of 0.1 mL/10 g of body weight once 
daily for 12 weeks. Blood samples from the tail vein 
were collected to measure blood glucose levels by using 
a blood glucose measuring device (FreeStyle Freedom; 
Nipro Co., Ltd., Osaka, Japan). All animals were 
euthanized under CO2 anesthesia 24 h after the final drug 
was administered. The femur and tibia were dissected, 
and soft tissue was removed.

2.4. Bone strength analysis

Bone strength of the femoral mid-diaphysis was 
evaluated via a three-point bending method using a 
mechanical testing machine (EZ-S; Shimadzu, Tokyo, 
Japan). The femur was positioned on two supports 
placed 10 mm apart. The bending load was vertically 
applied to the mid-diaphysis with a crosshead speed of 

1.0 mm/min until fracture. The load deformation curves 
were calculated using operation software (Trapezium 
X; Shimadzu, Tokyo, Japan), and the maximum load, 
breaking energy, and stiffness were directly calculated 
from the load deformation curve.

2.5. Bone mineral density measurements

The bone mineral density (BMD) of the whole femur 
and tibia was measured using quantitative computed 
tomography (LaTheta LCT-100; Aloka, Tokyo, Japan) 
with a pixel size of 250 × 250 μm and slice thickness of 
1 mm. Cortical, trabecular, and total BMD values were 
calculated using LaTheta software (ver. 1.31; Aloka, 
Tokyo, Japan).

2.6. Serum biochemical markers

Serum levels of osteocalcin, a bone formation marker, 
were measured using the osteocalcin EIA kit (Biomedical 
Technologies Inc., Stoughton, MA, USA). Furthermore, 
serum levels of tartrate-resistant acid phosphatase-5b 
(TRAP), a bone resorption marker, were measured using 
the TRAP assay (Immunodiagnostic Systems Ltd., Tyne 
& Wear, UK).

2.7. Bone histomorphometry

Non-decalcified specimens from the proximal tibia 
metaphysis were prepared according to the following 
method. The tibia was fixed with 70% ethanol for 7 
days, stained with Villanueva Bone Stain (basic fuchsin, 
fast green, orange G, and azure II; Merck, Darmstadt, 
Germany) in 70% methanol for 7 days, and embedded 
in methyl methacrylate resin. The resin blocks were 
then sliced to 5-μm thickness on a microtome (Leica 
RM2255; Leica Inc., Nussloch, Germany). All bone 
histomorphometric parameters were measured in the 
secondary spongiosa region. To exclude the primary 
spongiosa, the measurement region was 0.11.2 mm 
distal to the lowest point of the growth plate and 0.1 
mm from the lateral cortex.
	 Bone histomorphometric measurements were 
performed using a semiautomatic image analyzing 
system (Histometry RT CAMERA; System Supply, 
Nagano, Japan) at ×400 magnification. The bone 
structural parameters evaluated included bone volume 
per tissue volume (BV/TV), trabecular thickness 
(Tb.Th), trabecular number (Tb.N), and trabecular 
separation (Tb.Sp). The bone formation parameters 
included the osteoid surface per bone surface (OS/
BS), osteoid volume per bone volume (OV/BV), and 
osteoblast surface per bone surface (Ob.S/BS). Bone 
resorption parameters included the eroded surface per 
bone surface (ES/BS), osteoclast surface per bone 
surface (Oc.S/BS), and osteoclast number per bone 
surface (N.Oc/BS). Standard bone histomorphometric 

219



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(5):218-225.220

1). There were no significant differences in the bone 
strength parameters in the Lina 3 and Lina 30 groups 
compared to those in the T2DM group.

3.3. BMD

Compared to the non-DM group, the T2DM group 
exhibited significantly decreased cortical BMD (10%, 
14%), trabecular BMD (22%, 27%), and total BMD 
(19%, 22%) of the whole femur and tibia, respectively 

nomenclature, symbols, and units were based on 
those described in the report of the American Society 
for Bone and Mineral Research Histomorphometry 
Nomenclature Committee (18).

2.8. Statistical analysis

Data are presented as mean ± standard error (SE) values. 
Differences between groups were analyzed by one-way 
analysis of variance followed by Tukey-Kramer multiple 
comparisons. p < 0.05 was considered significant.

3. Results

3.1. Body weight and blood glucose levels

During the experimental period, body weight and blood 
glucose levels in the T2DM group were significantly 
higher than those in the non-DM group (Figure 1). 
There were no significant differences in mean body 
weight among the T2DM, Lina 3, and Lina 30 groups 
during the treatment period of 12 weeks. At 12 weeks 
after treatment, the mean blood glucose levels in the 
Lina 3 and Lina 30 groups decreased by approximately 
8% and 22%, respectively, compared with that in the 
T2DM group. However, intergroup differences were not 
significant.

3.2. Bone strength properties

The following parameters of the femoral mid-diaphysis 
significantly decreased in the T2DM group compared 
with those in the non-DM group: maximum load (26%), 
breaking energy (28%), and stiffness (22%) (Table 

Figure 1. Body weight (A) and blood glucose levels (B). non-DM: 
non-diabetic mice, T2DM: type 2 diabetic mice treated with vehicle 
(0.2% CMC-Na), Lina 3: T2DM mice treated with 3 mg/kg linagliptin, 
Lina 30: T2DM mice treated with 30 mg/kg linagliptin. Data represent 
the mean ± SE (n = 10). *p < 0.05 vs. the non-DM group.

Table 1. Bone strength properties of the femoral mid-diaphysis

Maximum load (N)
Breaking energy (N.mm)
Stiffness (N/mm)

non-DM

18.1 ± 0.79
4.80 ± 0.38
60.1 ± 4.51

 Lina 30

14.5 ± 0.41*

4.00 ± 0.25*

52.2 ± 3.57*

non-DM: non-diabetic mice, T2DM: type 2 diabetic mice treated with vehicle (0.2% CMC-Na), Lina 3: T2DM mice treated with 3 mg/kg 
linagliptin, Lina 30: T2DM mice treated with 30 mg/kg linagliptin. Data represent the mean ± SE (n = 10). *p < 0.05 vs. the non-DM group.

T2DM

13.4 ± 0.45*

3.47 ± 0.37*

46.9 ± 3.31*

Lina 3

13.9 ± 0.34*

3.68 ± 0.28*

48.7 ± 3.03*

Table 2. BMD of whole femur and tibia

Whole femur
Cortical BMD (mg/cm3)
Trabecular BMD (mg/cm3)
Total BMD (mg/cm3)
Whole tibia
Cortical BMD (mg/cm3)
Trabecular BMD (mg/cm3)
Total BMD (mg/cm3)

non-DM

974 ± 13.7
623 ± 14.9
917 ± 13.2

998 ± 10.1
664 ± 7.63
898 ± 12.9

 Lina 30

886 ± 12.3*

511 ± 15.5*

778 ± 12.5*

868 ± 7.50*

512 ± 16.1*

799 ± 14.4*

BMD: bone mineral density, non-DM: non-diabetic mice, T2DM: type 2 diabetic mice treated with vehicle (0.2% CMC-Na), Lina 3: T2DM mice 
treated with 3 mg/kg linagliptin, Lina 30: T2DM mice treated with 30 mg/kg linagliptin. Data represent the mean ± SE (n = 10). *p < 0.05 vs. the 
non-DM group.

T2DM

871 ± 12.8*

483 ± 13.5*

745 ± 15.4*

855 ± 7.86*

487 ± 16.0*

786 ± 8.96*

Lina 3

881 ± 13.4*

499 ± 13.9*

754 ± 13.0*

860 ± 11.9*

434 ± 17.8*

787 ± 11.6*
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(Table 2). On the other hand, no significant differences 
in BMD were observed after treatment with linagliptin 
compared to that in the T2DM group.

3.4. Serum biochemical markers

Serum osteocalcin levels were significantly lower (45%) 
and serum TRAP levels were significantly higher 
(70%) in the T2DM group than in the non-DM group 
(Figure 2). No differences were observed both serum 
osteocalcin levels and serum TRAP levels in the Lina 
3 group compared with the T2DM group. However, 

in the Lina 30 group, serum osteocalcin levels 
significantly increased (55%), whereas serum TRAP 
levels significantly decreased (38%) compared with the 
T2DM group values.

3.5. Bone histomorphometric evaluation

Bone formation and bone resorption parameters are 
shown in Figure 3. Compared to those in the non-
DM group, in the T2DM mice, the bone formation 
parameters OV/BV, OS/BS, and Ob.S/BS significantly 
decreased by approximately 39%, 59%, and 79%, 
respectively, whereas ES/BS, Oc.S/BS, and N.Oc/BS 
significantly increased by approximately 94%, 96%, 
and 84%, respectively. However, OV/BV, OS/BS, and 
Ob.S/BS (44%, 81%, and 70%, respectively) were 
significantly increased in the Lina 30 group compared 
with the T2DM groups. Moreover, ES/BS, Oc.S/BS, 
and N.Oc/BS (40%, 33%, and 34%, respectively) 
were significantly decreased in the Lina 30 group 
compared with those in the T2DM group. Trabecular 
bone structural parameters are shown in Figure 4. In 
the T2DM mice showed significantly reduced BV/
TV (55%), Tb.Th (35%), and Tb.N (47%) relative to 
those in the non-DM group. Furthermore, the values of 
these bone structural parameters in the Lina 30 group 
were significantly higher than those in the T2DM 
group. Figure 5 shows typical microphotographs of 
the proximal tibia metaphysis using Villanueva Bone 
Stain. These images confirmed the marked decrease in 
bone volume, trabecular thickness, and osteoid volume 
and an increased eroded surface in the T2DM group 
compared with the non-DM group. In contrast, the Lina 
30 group showed markedly increased bone volume, 
osteoid volume, and trabecular thickness compared 
with the T2DM group.

Figure 2. Serum biochemical markers (A: osteocalcin, B: TRAP). 
non-DM: non-diabetic mice, T2DM: type 2 diabetic mice treated with 
vehicle (0.2% CMC-Na), Lina 3: T2DM mice treated with 3 mg/kg 
linagliptin, Lina 30: T2DM mice treated with 30 mg/kg linagliptin, 
TRAP: tartrate-resistant acid phosphatase-5b. Data represent the 
mean ± SE (n = 10). ap < 0.01 vs. the non-DM group, bp < 0.01 vs. the 
T2DM group.

Figure 3. Bone formation parameters (A: osteoid volume [OV/BV], B: osteoid surface [OS/BS], C: osteoblast surface [Ob.S/BS], D: 
eroded surface [ES/BS], E: osteoclast surface [Oc.S/BS], F: osteoclast number [N.Oc/BS]) according to bone histomorphometry of the 
proximal tibia metaphysis. non-DM: non-diabetic mice, T2DM: type 2 diabetic mice treated with vehicle (0.2% CMC-Na), Lina 3: T2DM mice 
treated with 3 mg/kg linagliptin, Lina 30: T2DM mice treated with 30 mg/kg linagliptin. Data represent the mean ± SE (n = 10). ap < 0.01 vs. the 
non-DM group, bp < 0.01 vs. the T2DM group.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(5):218-225.222

4. Discussion

GIP and GLP-1 are produced by K cells mainly present 
in the upper small intestine and L cells predominantly 
present in the lower small intestine, respectively. They 
are secreted into the blood following dietary intake, 
and promote insulin secretion from pancreatic β-cells 
and suppress postprandial blood glucose elevation 
(19). A previous study demonstrated that the actions 
of GIP and GLP-1 are reduced in patients with T2DM 
compared to those in healthy individuals (20,21). In 
addition to their roles in glucose metabolism, GIP 
and GLP-1 have various physiological actions. GIP 
directly acts on adipocytes, promotes the uptake of 
glucose and fatty acids, and induces fat accumulation 
(22). GLP-1 reportedly delays gastric emptying in 
the gastrointestinal tract (23) and suppresses appetite 
via the central nervous system (24). In addition to 
these actions, GIP and GLP-1 may be involved in 
the regulation of bone metabolism (15,16). DPP-4 
inhibitors inactivate the incretin-degrading enzyme 
DPP-4 and exert antidiabetic effects by increasing the 
plasma concentrations of both GIP and GLP-1 (25). 
Several clinical studies have assessed incretin-related 
drug use and the risk of fracture. A meta-analysis of 
randomized controlled trials revealed a reduced risk 
of fracture associated with the use of GLP-1 receptor 
agonists (26) and DPP-4 inhibitors (27) in the treatment 
of T2DM patients. Conversely, a retrospective 

cohort study showed that even long-term use of 
DPP-4 inhibitors failed to affect the risk of fracture 
(28). However, the mechanism by which increased 
incretin action through DPP-4 inhibitors affects bone 
metabolism remains unclear.
	 In this study, we used T2DM mice, exhibiting obesity 
and hyperglycemia induced by marked overeating due 
to a deficiency of the leptin receptor (29). The T2DM 
mice in this study exhibited significant hyperglycemia 
that persisted throughout the 12-week experiment. 
Further, daily administration of linagliptin reduced the 
mean blood glucose levels in the T2DM mice in a dose-
dependent manner, but not significantly. The results of 
the weak hypoglycemic effect of linagliptin on T2DM 
mice are consistent with those reported previously in 
non-diabetic mice (30), streptozotocin-induced diabetic 
mice (31,32), and T2DM mice (33,34). Importantly, 
the administration of l inagliptin significantly 
increased serum active GLP-1 concentration in 
mice without exerting a clear hypoglycemic effect 
(30,32).  Furthermore, the T2DM mice showed 
significantly decreased bone strength and BMD in 
the lower limb bones, with a significant decrease in 
serum osteocalcin levels and a significant increase in 
serum TRAP levels. These results indicate that bone 
fragility in T2DM mice is caused by decreased bone 
formation and increased bone resorption. Linagliptin 
administration did not significant affect the decreased 
bone strength and BMD in T2DM mice. However, 

Figure 4. Trabecular bone structural parameters (A: bone volume per tissue volume [BV/TV], B: trabecular thickness [Tb.Th], C: 
trabecular number [Tb.N], D: trabecular separation [Tb.Sp]) according to the bone histomorphometry of the proximal tibia metaphysis. 
non-DM: non-diabetic mice, T2DM: type 2 diabetic mice treated with vehicle (0.2% CMC-Na), Lina 3: T2DM mice treated with 3 mg/kg 
linagliptin, Lina 30: T2DM mice treated with 30 mg/kg linagliptin. Data represent the mean ± SE (n = 10). ap < 0.05 vs. the non-DM group, bp < 0.05 
vs. the T2DM group.

Figure 5. Typical micrographs of slices assessed by bone histomorphometry (Villanueva Bone Stain). The osteoid surface and eroded surface 
are indicated by blue and red arrows, respectively. non-DM: non-diabetic mice, T2DM: type 2 diabetic mice treated with vehicle (0.2% CMC-
Na), Lina 30: T2DM mice treated with 30 mg/kg linagliptin.
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it significantly suppressed both decreased serum 
osteocalcin levels and increased serum TRAP levels in 
T2DM mice. Based on biochemical marker analysis, 
it can be suggested that linagliptin may suppress 
both decreased bone formation and increased bone 
resorption induced by T2DM. However, although the 
biochemical indices of bone metabolism are relatively 
sensitive indicators of bone turnover, they do not 
reflect changes in bone density and microstructure 
(35). Bone histomorphometry is a method used to 
study histology and quantitatively evaluate the bone 
remodeling process. Consequently, a combination 
of bone histomorphometry and biochemical analysis 
will serve as a powerful tool to assess the changes 
in bone morphology and metabolism. Therefore, in 
this study, bone histomorphometry was performed to 
assess changes in bone remodeling and microstructure 
attributable to linagliptin administration. T2DM 
mice showed significantly decreased BV/TV, Tb.Th, 
and Tb.N and significantly increased Tb.Sp of the 
proximal tibial trabecular bone, exhibiting rarefaction 
of trabecular bone owing to the onset of T2DM. In 
contrast, the deterioration of bone microstructural 
parameters observed in the T2DM mice improved 
following linagliptin administration. Furthermore, 
these mice showed significantly decreased OV/BV, 
OS/BS, and Ob.S/BS. Notably, OS/BS and OV/BV 
are indicators of the ratio of uncalcified bone volume, 
whereas Ob.S/BS is considered a marker of osteoblast 
activity (36). Furthermore, the T2DM mice showed 
significantly increased ES/BS, which indicates the 
ratio of the bone surface where bone resorption by 
osteoclasts was induced. This increase in ES/BS was 
accompanied by an increase in Oc.S/BS and N.Oc/
BS, indicating the ability of osteoclast differentiation. 
Conversely, linagliptin administration significantly 
suppressed the decreased OV/BV, OS/BS, and Ob.S/
BS as well as increased ES/BS, Oc.S/BS, and N.Oc/
BS in T2DM mice. These bone histological findings 
revealed that linagliptin ameliorates the deterioration 
of the trabecular bone microstructure by suppressing 
both decreased bone formation and increased bone 
resorption caused by T2DM. The mechanisms by 
which GIP and GLP-1 affect osteoblast and osteoclast 
functions remain unknown. In a previous study, it 
was reported that GIP receptors are also present in 
osteoblasts and that GIP suppresses the apoptosis 
of osteoblasts (15). In addition, the presence of GIP 
receptors in osteoclasts has been revealed, and GIP 
has been shown to directly suppress bone resorption 
activity increased by the parathyroid hormone (16). In 
fact, GIP receptor-deficient mice exhibit a significant 
decrease in the bone formation rate and an increase 
in the number of osteoclasts (15). In contrast, GIP-
overexpressing transgenic mice showed significantly 
higher BMD, demonstrating an increase in serum 
osteocalcin levels and a decrease in the levels of the 

bone resorption marker pyridinoline (37). Furthermore, 
it has been reported that compared to wild-type 
mice, GLP-1 receptor-deficient mice exhibit reduced 
bone strength and decreased BMD, accompanied by 
suppression of bone formation and enhancement of 
bone resorption (38). These previous reports and our 
findings in this study indicate that an increase in GIP 
and GLP-1 may be responsible for both enhanced bone 
formation and suppressed bone resorption induced by 
linagliptin administration. To our knowledge, this is the 
first study to provide data supporting the phenomenon 
of linagliptin-induced enhanced bone formation and 
suppressed bone resorption from the perspective of 
bone histomorphology.
	 In conclusion, in this study, we examined the effects 
of linagliptin on bone fragility in obese T2DM mice. 
Linagliptin administration suppressed both decreased 
serum osteocalcin levels and increased serum TRAP 
levels in T2DM mice. In addition, in terms of 
histomorphological changes, linagliptin suppressed 
both decreased bone formation by osteoblasts and 
increased bone resorption by osteoclasts due to T2DM. 
Furthermore, linagliptin ameliorated rarefaction in 
the trabecular bone microstructure in T2DM mice. 
Based on the above results, this study showed that 
linagliptin improves trabecular bone microstructure 
by suppressing both decreased bone formation and 
increased bone resorption induced by T2DM. These 
novel findings pertaining to the effects of DPP-4 
inhibitors on bone metabolism regulation will be a 
powerful tool for selecting optimal oral hypoglycemic 
agents based on the consideration of not only glucose 
metabolism but also bone fragility in patients with 
T2DM.
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infections, malignancy, steroids

Diagnosis and management of hemophagocytic lymphohistiocytosis (HLH) in patients with human 
immunodeficiency virus (HIV) infection are scarcely described in the published literature. The aim 
of this systematic review was to delineate the triggers of HLH in patients with HIV and understand 
the role of steroids in the management. We conducted a comprehensive search of English medical 
literature via the Medline ⁄ PubMed database using different synonyms of "HIV" AND "HLH". 
The review was registered in PROSPERO (CRD42018099987). The titles and abstracts of the 185 
articles between January 1986 and April 2018 were reviewed. The final analysis was done from 
42 articles with 52 patients. HLH was associated with malignancy in 17 patients, while infection 
was found in 25 patients. No cause was identified in eight patients, out of which four had acute 
HIV infection. Death was reported in 21 patients. Presence of either malignancy (p = 0.051) or 
opportunistic infection (p = 0.69) was not associated with increased chances of death by univariate 
analysis. A total of 26 patients were treated with steroids, while etoposide was used in only four 
patients. Administration of steroids as a treatment of HLH was associated with more chances of 
death (p = 0.048). Malignancy and Opportunistic infections are important triggers for HLH in 
patients with HIV. Acute HIV by itself can act as a trigger for HLH. Evidence on the use of steroids 
as a treatment of HLH in patients with HIV is not convincing.

1. Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a hyper-
immune condition characterized primarily by fever, bi-
cytopenia, hyper-ferritinemia, and hemophagocytosis 
(1). HLH is usually triggered by malignancy, infection, 
drugs or auto-immune conditions. With the increase in 
knowledge and understanding of the disease, there is 
an increase in the number of reported cases of HLH. 
HLH in human immunodeficiency virus (HIV) infected 
patients is a rarely described condition in published 
literature. It is postulated that HLH in HIV patients 
can be either be due to a co-existent malignancy/
infection or due to uncontrolled replication of HIV 
itself (1). The diagnosis and management of HLH 
in HIV patients are usually made according to the 
HLH 2004 criteria and management protocol (2). It 
is tricky to diagnose HLH in HIV infected patients as 
there is a vast overlap in the clinical and laboratory 
manifestations of HLH and advanced HIV disease. 

The treatment of HLH is immunosuppressive therapy 
(steroids, etoposide and cyclosporine) (3). The decision 
to administer immunosuppressive therapy in an already 
immunocompromised patient (HIV) is a difficult decision 
to make. The aim of this systematic review (SR) was 
to delineate the number of reported cases of HLH, their 
triggering factors, treatment and outcome in patients with 
HIV.

2. Methodology

2.1. Search strategy

We first searched for any existing SR on HIV-HLH. 
Although narrative reviews were present, no SR was 
identified. We conducted a comprehensive search of 
English medical literature between January 1986 and 
April 2018 via the Medline/PubMed database. We 
used ("HIV" OR "human immunodeficiency virus" OR 
"AIDS" OR "acquired immune deficiency syndrome") 
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AND ("HLH" OR "haemophagocytic syndrome" OR 
"hemophagocytic syndrome" OR "haemophagocytic 
l y m p h o h i s t i o c y t o s i s "  O R  " h e m o p h o g o c y t i c 
lymphohistiocytosis" OR "hemophagocytosis" OR 
"haemophagocytosis") as the search terms.

2.2. Inclusion and exclusion criteria

All case studies and case series (prospective or 
retrospective), where individual patient data were 
available were included. Those patients where at-
least four of the eight HLH criteria were fulfilled were 
included. Those articles where any of the individual 
patient data of the following parameters were not 
present in the paper were excluded: age, sex, details of 
antiretroviral therapy, CD4 count, the trigger for HLH 
(malignancy/infection/others), details of anti-HLH 
treatment (steroids/etoposide) and outcome (discharged/
death).

2.3. Study selection

The titles and abstracts of the 185 articles were reviewed 
independently by two authors (FF and NG) to find 
cases with both HIV and HLH (Figure 1). In case 
of any disagreement on study selection between the 
two authors, the third author (AM) was consulted. 
Nineteen articles were excluded because they were not 
in English. A total of 48 articles were excluded because 
the patient did not have either HIV or HLH or both. 
Seventeen articles were excluded because they were 
non-case studies (narrative reviews/perspectives). A 
total of 101 articles were included for analysis. Full 
articles were not available for ten articles. Out of the 91 
remaining articles, 49 articles were excluded because 

they did not meet or did not mention the fulfilment of 
the HLH 2004 diagnostic criteria or did not meet the 
inclusion criteria. Individual patient data were then 
extracted from 42 articles (number of patients: 52) 
(Figure 1) (4-45).

2.4. Data extraction

The following study and patient characteristics were 
extracted on a pre-designed spreadsheet: age, sex, acute/
chronic HIV, treatment-naive/experienced, the regimen 
of anti-retroviral therapy (ART), the trigger for HLH 
(malignancy/infection/others), the details of criteria 
fulfilled, anti-HLH treatment (steroids/etoposide) and 
the outcome (discharged/death).

2.5. Statistical analysis

Continuous data were presented as mean ± standard 
deviation (for normally distributed variables) or median 
and interquartile range when standard deviation was 
more than 50% of the mean (extremes of data). The 
frequency of categorical variables was expressed in 
numbers and percentage. All analyses were done using 
STATA version 13. PROSPERO registration number: 
CRD42018099987.

3. Results

A total of 52 cases of HIV and HLH were reviewed. Out 
of these, 42 (80.8%) were male. The mean age was 38.2 
+/– 14.2 years. The median CD4 count at the time of 
diagnosis of HIV with HLH was 41/µL (IQR: 8-94/µL). 
Only 17 patients were on antiretroviral therapy (ART) at 
the time of diagnosis. Of these, a total of seven patients 
were virologically suppressed at the time of diagnosis of 
HLH. A total of 26 patients were treated with steroids, 
while etoposide was used in only four patients (6-
8,8,11-14,16,18,20,23,24,27,30-37,41,44). Death was 
reported in 21 patients (6,12-15,20,27,29,31,36-41,44). 
Steroids, when given as a part of HLH management, was 
associated with increased mortality (p = 0.048).
	 The details of the fulfilment of HLH 2004 criteria 
is summarized in Table 1 and 2. HLH was associated 
with malignancy in 17 patients (6-8,11,12,15,29-31,35-
37,39,44). Infection was associated with HLH in 25 
patients (4,9,10,13,14,17-20,24,26,28,32,33,38,41-
43). In two patients, both malignancy and infection 
were attributed as the cause for HLH (Table 3) (34,40). 
Some studies reported the frequency of infections or 
malignancies in patients with HIV and HLH, but they 
were excluded from the analysis as individual patient 
data were not available in these studies (47,48). When 
the data from these studies were also combined in the 
analysis, out of 174 cases with HIV and HLH, 85 had 
malignancy, 72 had infections, six had both and no 
cause was identified in 11 patients (47,48). Presence of 

227

Figure 1. PRISMA flow diagram of the literature search and 
eligibility for cases with HIV and HLH.
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4. Discussion

HLH in HIV, although not common, is well reported 
and is associated with increased mortality. In a study by 
Grateau et al., HLH was reported in 0.6% of the patients 
with HIV (46). In a series of patients with infection-
associated HLH, concomitant HIV was present in 50% 
of the patients (47). Patients with HIV are predisposed 
to HLH because of the hyper-inflammatory response 
due to the increased cytokines (48). Increased cytokine 
levels may be triggered by the opportunistic infection or 
malignancy or acute HIV itself (48). Managing HLH in 
the setting of HIV infection could be very challenging as 
treatment focuses on immunosuppression (with steroids, 
etoposide, etc.) which may complicate the course of 
illness in an already immunocompromised host. The 
current SR was done to study the profile of patients with 
the aim of determining the common causes associated 
with HLH in HIV and their outcome.
	 Following our search strategy, a total of 52 individual 
cases were analyzed. HLH was more commonly 
reported with infections (48%) than malignancy (33%). 
There was no difference in the mortality between the 
two groups.
	 No cause could be identified in 8 cases (19%); 
however, 4 out of these 8 had acute HIV, and all 8 
had a high HIV viral load. Acute HIV is known to be 
associated with high levels of viraemia. HIV viraemia is 
associated with changes in cytokine levels (49). Presence 
of viraemia and consequent cytokine changes may have 
some association with the occurrence of HLH. Unlike 
HLH due to opportunistic infections or malignancy 
in HIV, HLH in patients with acute HIV had good 
prognosis (21). Most patients recovered with ART alone 
(50). The fact that viraemia may be associated with 
HLH and ART may have some role in the treatment 
of patients with HIV and HLH is suggested by the 
fact that only 7 out of 52 patients were virologically 
suppressed. Also, according to the study by Fardet et 

either malignancy (p = 0.051) or opportunistic infection 
(p = 0.69) was not associated with increased chances of 
death.
	 No cause was identified in eight patients, out of 
which four had acute HIV infection (5,21-23). All eight 
patients had a significantly high viral load. Only one 
patient was on ART at the time of diagnosis (27). This 
patient was diagnosed with HLH as a manifestation of 
immune reconstitution inflammatory syndrome (IRIS) 
and died soon after presentation. Rest of the seven 
patients were started on antiretroviral treatment. Three 
patients received adjunctive steroids also (16,23,27). 
All seven of these patients improved.

Table 1. Mean/Median of laboratory parameters in patients 
with HIV & HLH

Parameters

Ferritin*

Haemoglobin
Total leucocyte count*

Platelet count*

Triglyceride levels*

Fibrinogen levels*

SD/IQR

  4,392-31,435
2.68

1150-3750
12,000-80,000

257-431
  90-273

Number#

43
52
37
51
33
14

#Number of patients where the data was available. *Median with 
interquartile range.

Mean/Median

15,000
8.12

  2,540
41,000

312
168

Table 2. HLH criteria in patients with HIV & HLH

HLH 2004 diagnostic criteria

Hyperferritenemia
Anaemia
Fever
Leucopenia
Thrombocytopenia
Hyper TG
BM showing phagocytosis
Low NK
Splenomegaly
Hypofibrinogenemia
Increased CD25

Frequency

42/43
40/52
52/52
22/30
47/51
24/33
39/45
2/5

42/46
  6/15
10/11

Table 3. Triggers for HLH in patients with HIV

Trigger
Number

Malignancy
Lymphoma
Kaposi Sarcoma
Multicentric Castleman disease

Infections
Fungal

Parasitic
Bacterial

Viral

Tuberculosis
Combined

This study
52

11
6

Histoplasmosis-15, penicilliosis-1, 
invasive candidiasis-1, invasive aspergillosis-1
Leishmaniasis-1, Toxoplasmosis-2
Bartonellosis-1

Cytomegalovirus-2, Epstein-Barr virus-1

1
2

Fardet et al.(48)
43

16
3
5

Histoplasmosis-1

Toxoplasmosis-2
Typhoid-1
Pseudomonas aeruginosa-1
Cytomegalovirus-2

8

Lerolle et al.(47)
19

Toxoplasmosis-2
Escherichia coli-1
Legionella-1
Cytomegalovirus-1
Herpes Simplex virus 2-1

4
7
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al., the mortality of HLH in patients with HIV was 
considerably higher in the pre-ART era (1981-1996) 
compared to the ART era (48). In our SR, only three 
patients were from the pre-ART era, one of whom died.
	 The diagnosis of HLH was made using the HLH 
2004 criteria. According to this protocol, to make a 
diagnosis of HLH, five out of eight criteria should 
be fulfilled. Since many studies made a diagnosis of 
HLH prior to the protocol being published, details 
of individual criteria were often not quoted. Besides, 
CD25 levels and NK cell activity are resource-intensive, 
and many studies did not mention it. For this reason, we 
took those cases that were diagnosed as HLH and had 
the details of at-least four positive criteria. The most 
consistent clinical finding was fever (100%), followed by 
splenomegaly (91%). Amongst the laboratory parameters, 
hyper-ferritinemia (98%) and thrombocytopenia (92%) 
were most commonly reported. Bone marrow results 
were available for 45 cases out of which 39 (86%) 
patients showed evidence of hemophagocytosis. CD25 
values were available only for 11 cases, but 10 (91%) 
showed increased expression.
	 The therapy for secondary HLH aims at treating 
the underlying cause and suppressing the hyper-
inflammatory response with immunosuppressants such 
as corticosteroids (51). Mortality was reported in 40% 
of the patients. Although the consensus statement of 
experts of histiocyte society recommends steroids for 
treatment of HLH in patients with HIV, we found that 
use of steroids in patients with HIV and HLH was 
associated with higher mortality (3). There is a need for 
large scale prospective studies to understand the role of 
steroids in the treatment of HLH.
	 Limitations: Individual patient data were not 
available in certain large series which were eventually 
excluded from the analysis. Some series were excluded 
because they weren't in the English language or their 
full text could not be accessed. We used four criteria in-
stead of five criteria to make the diagnosis of HLH to 
increase the sensitivity.
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The objective of this study was to explore the factors associated symptoms of depression among 
pregnant women with gestational diabetes mellitus (GDM) in Japan. This cross-sectional study was 
conducted at a hospital in Toyota, Japan, from January 2015 to June 2016. Pregnant women who 
visited the hospital and were diagnosed with GDM in the second trimester were enrolled. We analyzed 
depression symptoms using the Centers for Epidemiological Studies Depression Scale (CES-D) and 
considered related factors of depression symptoms, such as dietary intake and daily walking. Dietary 
intake during the past month was assessed using a brief self-administered diet history questionnaire, 
and daily walking was assessed using an accelerometer. The prevalence rate for GDM was 8.8%, and 
25 pregnant women with GDM were analyzed. The CES-D was not significantly correlated with pre-
pregnancy BMI, postprandial plasma glucose, hemoglobin A1c, and the number of steps walked. In 
contrast, a significant negative correlation was observed between the CES-D score and intake of fish 
with bones, simmered fish, pickles, green leaves, mushrooms, and green tea. Furthermore, a significant 
positive correlation was found between Coke® and CES-D scores. For nutrient intake, a significant 
negative correlation was found between the CES-D score and vitamin K, folate, and β-carotene levels. 
The present study suggests that depression symptoms among pregnant women with GDM in the 
second trimester may be associated with diet.

1. Introduction

The link between diabetes and depression is well known 
(1). The position statement of routine psychosocial 
care for individuals with diabetes was published by the 
American Diabetes Association (2). A review indicated 
that the odds ratio of depression in the diabetic group 
was twice than that of the nondiabetic group, and the 
prevalence of depression in women with diabetes was 
significantly higher than that in men with diabetes (3). 
A recent meta-analysis also revealed that the prevalence 
of depression was 34% in 134,332 females with type 
2 diabetes mellitus (4), which was 1.48 times more 
than what is seen in males. Although the age-matched 
population composition was different, we must also 
pay attention to depression for women with gestational 
diabetes mellitus (GDM).
	 GDM is a major perinatal complication (5). In 2010, 
the International Association of Diabetes and Pregnancy 
Study Groups established universal criteria based on 

the Hyperglycemia and Adverse Pregnancy Outcome 
study in 2008 (6). The prevalence of GDM has been 
reported to be approximately 8% in Japan (7). Diet 
and exercise therapy should be attempted first, with 
drug therapy added if diet and exercise alone cannot 
sufficiently correct glucose tolerance. Summary and 
recommendations for dietetic treatment for GDM were 
provided by the International Workshop Conference on 
GDM sponsored by the American Diabetes Association 
(8). The American College of Obstetricians and 
Gynecologists recommends at least 30 min of moderate 
intensity physical activity on most, if not all, days of 
the week (9). In a previous study, we reported that 
daily walking improves postprandial plasma glucose 
(PPG) in women with GDM (10). However, few studies 
have examined depression and pregnant women with 
GDM and suggest only the aforementioned relationship 
(11-16). For our second step, we analyzed factors 
associated with depression symptoms using the Center 
for Epidemiological Studies Depression (CES-D) Scale 
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(17,18) among pregnant women with GDM. It was a 
novel approach to focus on effective nursing care for 
pregnant women with GDM.

2. Materials and Methods

2.1. Setting and participants

As part of the longitudinal study (10), this cross-
sectional study was conducted at TOYOTA Memorial 
Hospital in Toyota, Japan, from January 2015 to June 
2016. In the present study, we focused on the symptoms 
of depression experienced during the second trimester. 
Inclusion criteria were as follows: (i) pregnant women 
who had regular prenatal checkups at the hospital and 
were diagnosed with GDM in the second trimester, (ii) 
pregnant women who were over 20 years old, and (iii) 
pregnant women who could complete a questionnaire. 
Exclusion criteria were as follows: (i) pregnant women 
with type 1 or 2 diabetes; (ii) pregnant women who 
were used steroids; (iii) pregnant women who were 
admitted to the hospital; (iv) pregnant women who had 
a pregnancy complicated by fetal disorders; and (v) 
pregnant women who had regular exercise with high 
intensity.

2.2. Procedures

Pregnant women with GDM in the second trimester 
were recruited for this study while awaiting routine 
examinat ion  in  an  outpat ient  hospi ta l  room; 
questionnaires assessed depressive symptoms and 
dietary intake. Background information, including 
maternal age, gestational week, pre-pregnancy body 
mass index (BMI), maternal history, complications 
of pregnancy, and laboratory biochemical data were 
obtained from medical charts. Daily walking was 
measured using an accelerometer (Lifecorder EX; 
Suzuken Co Ltd, Nagoya, Japan) (19), as previously 
reported (10). Participants attached the accelerometer 
to the waistbands of their skirts or pants, as instructed 
at the time of recruitment by investigators. The 
accelerometers assessed daily walking for 8 weeks (at 
least > 4 weeks), excluding sleeping and bathing.
	 The research ethics committees of the Kyoto 
University School of Medicine (No. E2279) and the 
hospital approved the study procedures and protocol. 
The participants received explanations of the aim 
and contents in the study, the voluntary nature of 
their participation, the risks and benefits of their 
participation, and privacy considerations. Written 
informed consent was obtained from all participants.

2.3. Measurements

Depressive symptoms were assessed using a Japanese 
version (20) of the CES-D scale (19). It is a self-

administered questionnaire consisting of 20 items. The 
participants indicated on a four-point scale how often 
they experienced each item in the past week from 0 
(rarely) to 3 (most). The total score ranged from 0 to 
60. Based on a validation study, a CES-D score of > 16 
points is defined as depression.
	 Dietary intake during the past month was assessed 
using a brief self-administered diet history questionnaire 
(BDHQ), and the amount of daily intake for 50 foods 
and selected nutrients (21,22) was calculated from the 
BDHQ.
	 Daily walking was assessed using the accelerometer, 
which measured steps, PA-related intensity, and PA-
related energy expenditure (PAEE), as previously 
reported (10).

2.4. Statistical analyses

The Spearman correlation coefficient was performed 
using Statistical Package Social Sciences version 25.0 
(SPSS Inc., Chicago, IL, USA). Spearman correlation 
coefficients < 0.05 were considered statistically 
significant.

3. Results

3.1. Participants

During the 18-month recruitment period, 776 pregnant 
women in the first trimester had regular prenatal 
checkups at the hospital. Among the 716 pregnant 
women (92.3%) who underwent blood work, 245 
pregnant women (34.2%) had PPG > 100 mg/dL in the 
first trimester or blood glucose > 140 mg/dL in a 50-g 
glucose challenge test in the second trimester. The 75-g 
oral glucose tolerance test (OGTT) was performed in 
184 pregnant women (75.1%) to diagnose GDM based 
on the following standard criteria: blood glucose ≥ 92 
mg/dL at fasting, ≥ 180 mg/dL at 60 min after loading, 
or ≥ 153 mg/dL at 120 min after loading. Clinical GDM 
was diagnosed in 63 patients. The prevalence rate of 
GDM in the hospital during the study period was 8.8%. 
An additional 10 pregnant women who had already 
been diagnosed with GDM with 75-g OGTT were 
referred to the hospital from nearby private clinics. 
Among the 73 pregnant women with GDM, 32 (43.8%) 
participated in the study. Seven pregnant women with 
GDM were excluded from the analysis due to the lack 
of CES-D data. Finally, we analyzed the data of 25 
pregnant women with GDM. Figure 1 shows a flow 
diagram of the enrollment procedure.
	 The mean values (range) for age (years), weight 
before pregnancy (kg), BMI before pregnancy (kg/m2), 
and gestational weeks at the beginning of the study 
for 25 women with GDM were 36.1 (29-42), 61.8 (39-
99), 24.1 (16.7-36.8), and 22.4 (14-28), respectively. 
One woman had a pre-pregnant BMI of < 18 kg/m2, 
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green leaf (g/day) (r = – 0.450, p = 0.036), mushrooms 
(g/day) (r = – 0.567, p = 0.006), and green tea (g/day) 
(r = – 0.433, p = 0.044). Furthermore, a significant 
correlation was found (r = 0.450, p = 0.036) between 
CES-D score and Coke® (g/day).
	 Table 3 shows a significant negative correlation 
between the CES-D score and vitamin K (µg/day) (r = 
– 0.496, p = 0.019), folate (µg/day) (r = – 0.465, p = 
0.029), and β-carotene (µg/day) (r = – 0.451, p = 0.035).

4. Discussion

Although little is known about the relationship between 
depression and pregnant women with GDM, this may 
be the first study that reports that the diet of pregnant 
women with GDM can affect the presence of depressive 
symptoms. One strength of this study is that it is very 
useful for nutrition educated for pregnant women with 
GDM.
	 A review article (23) suggests that folate may be 
effective for treating depressive disorders. Patients 
diagnosed with major depressive disorder tend to have 
lower concentrations of folate in serum or red cells 
than healthy control subjects (24,25). A previous study 
showed that the co-administration of folic acid in female 
patients with depression substantially and significantly 
improved their response to fluoxetine (26). Low levels 
of folate and vitamin B12 have an effect on depressive 
symptoms (27,28). B-complex vitamins are coenzymes 
involved in homocysteine metabolism. In contrast, 
Watanabe et al. (29) reported no relationship between 
folate and homocysteine levels and depression in 
women in early pregnancy. Cho et al. (30) showed that 
the intake of multivitamins, including folic acid, was 
not associated with lower rates of depression during 
pregnancy. Our study found that CES-D scores were 
significantly correlated only with folate in B-complex 
vitamins. In food intake, green leaves and pickled 
green leaves were significantly correlated with CES-D 
scores; this was because green leaves include vitamin 
K and β-carotene. The association between deficiency 
in B-complex vitamins and depression in pregnancy is 
still unclear.
	 A previous observational study supported an 
association between low n-3 fatty acid intake from 
seafood and increased risk of high levels of depressive 
symptoms during pregnancy (31). Our study revealed 
that CES-D scores were significantly correlated with 
the intake of fish with bone and simmered fish, but 
no significant correlation was found with n-3 fatty 
acid intake. In addition to n-3 fatty acid intake, other 
researchers noted that zinc and iron intake, green 
tea intake, and intestinal environment improvement 
may also be useful for the alleviation of depressive 
symptoms (32-35). Our results also indicated that 
the CES-D scores were significantly correlated with 
green tea, mushroom, and pickle intake. No significant 

and two had a BMI of > 30 kg/m2. Twelve women were 
primiparas (Table 1). Of the 10 multiparas, one had 
GDM in prior pregnancies. None of the patients had 
symptoms of anemia. The PPG and hemoglobin A1c 
(HbA1c) values of the first day of walking measurement 
were 110 (69-173) and 5.4 (4.4-6.2), respectively. The 
number of steps walked/day was 6090 (2,947-10,772). 
The CES-D score was 9.3 (0-42), and the prevalence 
of depressive symptoms during the second trimester of 
pregnancy was 8.0%.

3.2. Relationship between CES-D score and pre-pregnant 
BMI, PPG, HbA1c, or walking step number

No significant correlation (r = – 0.169, p = 0.452; r = 
0.236, p = 0.290; r = – 0.356, p = 0.114) was found 
between the CES-D score and pre-pregnant BMI, PPG, 
or HbA1c.
	 Our previous report (10) showed that daily walking 
is good for controlling PPG in pregnant women with 
GDM. On the other hand, no significant correlation (r 
= – 0.219, p = 0.294) was also observed between the 
CES-D score and the number of steps walked.

3.3. CES-D score relation to food intake and nutrient 
intake

Table 2 shows a significant negative correlation between 
the CES-D score and intake of fish with bone (g/day) (r 
= – 0.503, p = 0.017), simmered fish (g/day) (r = – 0.464, 
p = 0.030), pickles (green leaf) (g/day) (r = – 0.440, p = 
0.041), pickles (other) (g/day) (r = – 0.468, p = 0.028), 

Figure 1. Flow diagram of the patients with gestational diabetes 
mellitus (GDM). Finally depressive condition in 25 women with 
GDM are analyzed.
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Table 2. Food intake and spearman correlation coefficients between nutrient intake and CES-Da score

Food

Low-fat milk
Milk
Chicken
Pork·Beef
Fish with bone
Dried fish
Oily fish
Fish with little oile
Classification of the cooking style
Raw fish
Grilled fish
Simmered fish
Fried fish
Egg
Tofu·Fried tofu
Natto
Pickles (green leaf)
Pickles (other)
Lettuce·Cabbage (low)
Green leaf
Cabbage
Carrots·Pumpkin
Radish·Turnip
Root vegetables
Tomato
Mushroom
Seaweed
Green tea
Tea·Oolong tea
Coffee
Coke®

aCES-D, The Center for Epidemiologic Studies Depression Scale; bSD, standard deviation.

   Food intake (g/day)
   (mean ± SDb)

    75.4 ± 113.8
  52.4 ± 51.0
  33.0 ± 20.0
  37.1 ± 18.3
    9.6 ± 26.5
  14.9 ± 14.2
  21.0 ± 39.0
  17.0 ± 15.8

  12.6 ± 15.3
  52.7 ± 62.0
  35.0 ± 38.9
  12.0 ± 17.1
  37.2 ± 25.8
  47.7 ± 32.8
  11.1 ± 10.4
  4.7 ± 7.7
  2.3 ± 3.9

  37.6 ± 24.2
  52.1 ± 44.7
  41.3 ± 25.2
  24.4 ± 17.3
  22.3 ± 21.7
  44.3 ± 34.0
  39.0 ± 32.5

11.2 ± 7.4
  11.4 ± 10.2

    65.6 ± 146.2
    65.6 ± 129.9
  49.6 ± 92.0
  36.1 ± 53.0

r

-0.191 
0.250 

-0.046 
-0.323 
-0.503 
-0.311 
-0.030 
-0.331 

0.035 
-0.183 
-0.464 
-0.056 
-0.111 
-0.210 
-0.199 
-0.440 
-0.468 
-0.362 
-0.450 
-0.415 
-0.296 
-0.368 
0.028 

-0.017 
-0.567 
-0.500 
-0.433 
0.120 

-0.197 
0.450 

p-value

  0.393
  0.262
  0.840
  0.143
  0.017*

  0.158
  0.895
  0.132

  0.879
  0.414
  0.030*

  0.803
  0.624
  0.347
  0.375
  0.041*

  0.028*

  0.098
  0.036*

  0.055
  0.181
  0.092
  0.901
  0.942
  0.006*

  0.018
  0.044*

  0.594
  0.379
  0.036*

Table 3. Nutrient intake and spearman correlation coefficients between nutrient intake and CES-Da score

Nutrient

Protein (% of energy/day)
Fat (% of energy/day)
Carbohydrate (% of energy/day)
Potassium (mg/day)
Calcium (mg/day)
Magnesium (mg/day)
Phosphorus (mg/day)
Iron (mg/day)
Zinc (mg/day)
Manganese (mg/day)
Vitamin D (µg/day)
Vitamin K (µg/day)
Vitamin B1 (mg/day)
Vitamin B2 (mg/day)
Vitamin B6 (mg/day)
Vitamin B12 (µg/day)
Folate (µg/day)
Vitamin C (mg/day)
Saturated fatty acids (g/day)
cholesterol (mg/day)
n-3 fatty acid (g/day)
n-6 fatty acid (g/day)
α-carotene (µg/day)
β-carotene (µg/day)
aCES-D, The Center for Epidemiologic Studies Depression Scale; bSD, standard deviation.

  Nutrient intake
  (mean ± SDb)

 16.6 ± 4.2
 30.8 ± 5.5
 51.5 ± 8.4

2,412.1 ± 811.4
   542.7 ± 242.7
 227.1 ± 77.1

1,003.1 ± 379.4
   7.4 ± 2.8
   7.8 ± 2.4
   2.3 ± 0.9

   13.7 ± 14.4
   312.8 ± 169.9

   0.8 ± 0.2
   1.2 ± 0.5
   1.2 ± 0.4
   9.3 ± 7.1

   319.4 ± 125.3
 111.0 ± 37.1
 14.4 ± 5.7

   368.3 ± 204.4
   2.9 ± 1.6
 10.8 ± 3.4

   463.3 ± 321.7
  3,876.8 ± 2191.0

r

0.079 
0.065 
0.059 

-0.302 
-0.238 
-0.352 
-0.259 
-0.393 
-0.309 
-0.235 
-0.297 
-0.496 
-0.256 
-0.222 
-0.269 
-0.238 
-0.465 
-0.382 
0.120 

-0.222 
-0.115 
-0.069 
-0.303 
-0.451 

p-value

  0.721 
  0.767 
  0.791 
  0.171 
  0.286 
  0.108 
  0.244 
  0.071 
  0.162 
  0.292 
  0.179 
  0.019* 
  0.250 
  0.321 
  0.226 
  0.287 
  0.029* 
  0.080 
  0.596 
  0.320 
  0.610 
  0.762 
  0.170 
  0.035*
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correlation was found between zinc and iron intake. Our 
study also showed an association between high CES-D 
score and high Coke® intake. The effect of Coke® intake 
on depressive symptoms is unclear, and there is room 
for further consideration.
	 This study has several limitations. First, our sample 
size was too small and did not have adequate power. 
Second, since the study subjects participated on a 
voluntary basis, they may be healthier than the general 
population, causing a selection bias. Third, since the 
BDHQ queried diet history for the past month, recall 
bias was included. Fourth, we only investigated CES-D 
scores for depressive symptoms and could not examine 
the risk factors for temperament, character, and 
depressive episodes, including history of depression, 
lack of partner, lack of social support, poverty, family 
violence, and increased life stress (36-38).
	 In conclusion, the present study suggests that 
symptoms of depression in pregnant women with GDM 
in their second trimester may be associated with their 
diet. Future research should include studies with larger 
sample sizes. In addition, future longitudinal studies on 
the relationship between depressive symptoms and diet 
for pregnant women with GDM are required.
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Althaea officinalis, wound healing, stereology, rat

Althaea officinalis (AO) is reported to have the ability to activate fibroblasts as well as anti-
inflammatory and antioxidative properties. Herein, we investigated the effects of this herbal medicine 
on wound healing in rat models by using stereological methods. In this experiment, 48 male Wistar 
rats were divided into four groups randomly (n = 12): the control group with no treatment, the gel-
base treated group, 5% and 10% AO-gel treated groups. The treatments were administered every 24 
hours. Wound closure rate, volume densities of collagen bundles, hair follicles, and vessels, vessel's 
length density and mean diameter, and fibroblast populations were estimated. Fibroblast populations, 
hair follicles, and mean diameter of vessels in the dermis of AO-treated groups were noticeably higher 
than those of control and base groups. Also, collagen bundles synthesis was significantly higher in 
the AO10%-treated group compared to the control and base groups. According to our research and 
previous studies, AO has the potential to be considered as an alternative medicine in wound healing 
treatment; however, further clinical investigations are suggested.

1. Introduction

The skin is a bi-layer tissue that has the three roles, 
protection, sensation, and regulation, which could be 
compromised by injuries (1). The process of wound 
healing contains 5 stages of re-epithelialization, 
angiogenesis, activation and migration of fibroblasts, 
and endothelial cell proliferation (2). All of these stages 
are associated with inflammation and oxidation in the 
injured tissue (1). The release of growth factors from 
platelets and inflammatory cells like neutrophils leads 
to the initiation of the repair process immediately 
after the injury (3,4). Empowering the mechanisms 
involved in the process of wound closure and reducing 
scar formation are the main goals of wound treatment, 
specifically for skin wounds (5).
	 Nowadays, herbal medicines are used all around 
the world because of being efficient, safe, and also 
having fewer side effects and better compatibility with 

the human body (6). Althaea officinalis (AO), marsh-
mallow, is a perennial plant from the Malvaceae family 
(7). This agent has been traditionally consumed in 
different cultures both as food and medicine. Recently, 
several studies have mentioned that the alcoholic, 
hydroalcoholic, and methanol extracts of this herb have 
considerable anti-inflammatory, antioxidative, and 
antibacterial effects (7-11). Besides, the aqueous extract 
of AO has great amounts of mucilage polysaccharides 
that stimulate the proliferative activity of fibroblasts 
and keratinocytes (12). AO extract has the potential to 
increase the release of cytokines that are responsible for 
apoptosis, and rise the gene expressions of molecules 
involved in creating the extracellular matrix and the 
bio-adhesive proteins (13).
	 In this study, we aimed to investigate the effects of 
hydroalcoholic extract of AO on wound healing in rat 
models by using histomorphometric and stereological 
evaluations.
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2. Materials and Methods

2.1. Preparation of AO gel

AO was received from SIMR Co., Shiraz, Iran (Code: 
3104). All plant organs were occupied as the herbal 
material for making the extract. We dried the material 
at room temperature for 5-6 days. Then, it was ground 
into powder. Thereafter, the powder was extracted with 
a mixture of ethanol: water (1:1, v/v) for 72 hours. The 
obtained product was then filtered and then evaporated 
to make a hydro-alcoholic extract (yield: 16.23%). We 
dissolved 5 mg of AO extract in 2 mL of ethanol (70%) 
in order to prepare 5% gel and then mixed the solution 
with 2% carboxymethylcellulose (CMC) (2 g/dL). The 
10% gel was prepared with the same method by using 
10 mg of AO. We also similarly used the vehicle for the 
control group without the AO component.

2.2. Animal models and procedures

In this experimental study, we used 48 male Wistar rats 
(200 ± 20 g) aged 2.5 months on average, which were 
kept in standard cages with sufficient food and water ad 
libitum. Animals were divided into 4 groups randomly (n 
= 12): the control group with no treatment, the gel-base 
treated group, 5%, and 10% AO gel treated groups. 
The study protocol was approved by the animal ethics 
committee of Shiraz University of Medical Sciences. In 
the beginning, on day 0, a 1 cm2 circular full-thickness 
wound was created via excision of the skin. Under 
general anesthesia, wounds were created on the dorsal 
surface of each rat's neck. Every day, before applying 
the treatments, we irrigated the entire wound with 
normal saline. The control group received no treatment 
and the vehicle group received vehicle gel while the 
other groups were treated with 5% and 10% AO gels. 
According to a prior pilot study the end of the study 
was set as day 15. On the last day, we euthanized all the 
animals with a high dose of ether inhalation and took 
the skin samples from the wound site and transferred 
them into buffered formaldehyde (pH = 7.2) for making 
microscopic slides for stereological studies.

2.3. Stereological study

Every 4 days, we took a digital picture from the wound 
surface with a digital camera to measure the wound 
closure rate. A ruler was put next to the wound in each 
picture to measure the magnification on the monitor 
of computers. The "point grid" method was used to 
estimate the closure rate (14) by using the following 
formula: Wound closure rate (%) = ((area at visit 1 – 
area at each visit)/area at visit 1) ×100.
	 In a systematic random sampling manner, 8-13 
pieces (each piece 1 mm2) of each skin sample were 
obtained and were put in a cylindrical paraffin block. 

After Isotropic Uniformly Random (IUR) sectioning 
of the blocks with thicknesses of 4 μm and 20 μm (14), 
the slides were made and stained with hematoxylin and 
eosin (H&E; Figure 1).
	 Stereological parameters including volume densities 
of the collagen bundles and vessels, vessel's length 
density and mean diameter, and fibroblast populations 
were measured according to the study conducted by 
Ashkani-Esfahani et al. (14).

2.4. Statistical data analysis

Results were reported as mean and standard deviation 
(mean ± SD). SPSS statistical software (ver.19.0, 
IBM™, USA) was used to do statistical comparisons 
between the groups. The statistical analyses were 
carried out by employing Kruskal Wallis and Mann 
Whitney U tests. Furthermore, p ≤ 0.05 was considered 
as statistically considerable.

3. Results and Discussion

3.1. Wound closure

The mean initial wound area in all four groups was 
104.22 ± 7.26 mm2 with no considerable contrast 
among the groups. Wound closure rates of 5%-AO 
(6.03%/day) and 10%-AO (5.94%/day) groups were 
noticeably higher than the control (3.14%/day) and gel-
base treated (3.44%/day) groups (p < 0.05; Figure 2).

3.2. Fibroblast population

The numerical densities of the fibroblasts in the dermis 
of the AO-treated groups were noticeably higher than 
those of control and gel base groups. The numerical 
densities of the fibroblasts in 5% and 10% AO-treated 
groups were 112.8% (p = 0.021) and 45.3% (p = 0.049) 
higher than the controls, respectively, and 117.8% (p = 
0.018) and 49.18% (p = 0.027) higher than the gel base 
group, respectively (Table 1).
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Figure 1. The effect of Althaea officinalis on the wound closure 
rate in rat models. The vessels (arrow) and collagen bundles were 
appreciated using 4 μm slices (a) while the fibroblasts (arrowheads) 
were counted using 20 μm slides (b). Stereological methods were 
used to evaluate the skin tissues.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(5):239-242. 241

treated groups, and the control and the gel base groups 
(Table 1).
	 Based on previous studies, we hypothesized that 
AO extract can be used as a treatment to accelerate 
the wound healing process. The results of this study 
revealed that hydroalcoholic gel-based AO extract 
has the potential to be an alternative treatment for 
wound healing. Our investigation demonstrated that 
AO extract increases the volume density of collagen 
fibers and the population of fibroblasts, besides 
it improves the process of vascularization. These 
results are consistent with previous reports which 
have mentioned various effects of the agent such as 
anti-inflammatory, antioxidant, and anti-microbial 
properties, as well as fibroblast proliferation-inducing 
effect (7-11). Böker et al. in their study showed that 
aqueous extract of AO has N-phenylpropenoyl-L-amino 
acids (NPA) which can stimulate keratinocytes and 
increases cellular activity of fibroblasts (12). Moreover, 
Benbassat et al. indicated that the ethanolic extract of 
AO has antioxidant activity that improves vascular 
endothelial function (10). Another study also mentioned 
the same property for aqueous extracts of AO, as it can 
stimulate tissue regeneration of epithelial cells (13). 
Our results highlighted that topical administration of 
AO extract improved fibroblast proliferation, collagen 
bundle synthesis, and re-vascularization in skin injuries. 
Based on previous studies and according to the present 
evaluations, it is revealed that AO improves dermal 
tissue reconstruction.
	 Our research shows that AO positively affects the 
processes of wound healing including angiogenesis, 
the proliferation of fibroblasts, and the accumulation 
of collagens. However, we suggest further experimental 
and clinical studies to evaluate the therapeutic properties 
of this herb and compare it with current treatments.
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3.3. Volume densities of the collagen bundles and hair 
follicles

The volume densities of the collagen bundles were 
significantly higher by 66.2% (p < 0.001) and 57.1% 
(p < 0.001) in 10% AO-treated group in comparison 
to the control and base groups, respectively (Table 
1). However, the collagen bundles' volume density in 
the 5% AO-treated group was not significantly higher 
in comparison to the control and base groups. The 
volume densities of the hair follicles in the 5% and 
10% AO-treated groups were significantly higher in 
comparison to the base group (p = 0.038 and p = 0.008, 
respectively) and the control group (p = 0.037 and p = 
0.009, respectively) (Table 1).

3.4. Volume density, length density, and diameter of the 
vessels

The length and volume densities of the vessels in the 
5% and 10% AO-treated groups were not significantly 
higher in comparison to the gel base and control groups. 
However, there are considerable differences regarding 
the mean diameters of the vessels between the AO-

Figure 2. The effect of Althaea officinalis (AO) on the wound 
closure rate in rats of the control group, gel-base treated, 5%, and 
10% AO-treated groups. Each point exhibits the mean ± SD of the 
twelve wounds. The "a" letter demonstrates considerable difference 
for the 5% AO and 10% AO treated rats compared to the control 
group and the base group (p < 0.05). 

Table 1. Mean (SD) of the numerical density of the fibroblasts (×103 per mm3), volume densities of the collagen bundles 
(Vvcollagen/dermis; %) and vessels (Vvvessel/dermis; %), length density (mm/mm3) and mean diameter (µm) of vessels in the dermis 
of the wounded rats treated with 5% AO and  10% AO gels, gel-base and untreated wounded group (Control). 

Groups

Control
5% AO
10% AO
Gel-base

Fibroblasts

Numerical density

225.4 (21.1)
 477.7 (70.1)*

 328.5 (63.3)*

220.2 (53.1)

*p < 0.05 in comparison with control and gel-base groups.

Volume density

0.8% (0.5%)
1.4% (0.8%)
1.3% (0.4%)
0.9% (0.7%)

Collagen bundles

Volume density

51.2% (4.8%)
78.3% (5.6%)

 85.1% (5.3%)*

54.2% (5.2%)

  Length density

  27.5 (8.9)
  27.6 (9.8)

    28.2 (10.2)
17.16 (7.3)

Hair Follicles

Volume density

3.2% (1.4%)
 9.1% (4.1%)*

 9.9% (2.7%)*

2.8% (1.1%)

Mean diameter

11.8 (1.8)
   24.3 (10.3)*

 21.3 (4.9)*

11.5 (2.1)

Vessels
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The bark of Cinnamomum bejolghota (Buch.-Ham.) Sweet (C. bejolghota) is widely used as medicine 
to treat bacterial diarrhea in Myanmar. We previously reported that the bark extract of C. bejolghota 
significantly inhibited secretion effector proteins of the type three secretion system (T3SS) in 
Salmonella. This study is designed to investigate the anti-virulence potential of the C. bejolghota bark 
extract against Salmonella Typhimuriumin in in vivo and in vitro experiments. The results suggested 
that the polar fraction Fr.M1 inhibited the secretion of effector proteins SipA, SipB, SipC and SipD 
without affecting bacteria growth and the translocation of SipC into MDA-MB-231 cells. In addition, 
Fr.M1 alleviated inflammatory symptoms of mice in Salmonella-infected mouse model. Overall, the 
results provide evidence for medicinal usage of C. bejolghota bark to treat diarrhea in Myanmar.

1. Introduction

With the increasing of antibiotic resistance, many 
new targets for the development of non-traditional 
antibacterial drugs have been revealed, and the "anti-
virulence strategy" is a promising avenue as an 
alternative (1-3). Most of the antibiotics target the key 
functions for bacterial survival and resistance to them 
is widespread. The "anti-virulence strategy" targets 
the virulence that not required for the survival of 
pathogens. Therefore, it is regarded as a promising target 
for the development of anti-virulence compounds (4). 
Among them, T3SS is a typically virulence mechanism 
employed by several gram-negative pathogens. Many 
medicinal plants have been reported with antibacterial 
and anti-infective activity, but the molecules from them 
showed weak antimicrobial activity, which means they 
may target virulence factors rather than bactericide (5-7).
	 C. bejolghota (Buch.-Ham.) Sweet, previously 
known as C. obtusifolium (Roxb.) Nees (8), is a large 
robust tree, distributed throughout the central and outer 
parts of eastern Himalayas and Burma. The stem barks 
were used locally as a substitute of cinnamon spice. The 
bark and its infusions have variety of local medicinal 
use for the treatment of headache, fever, urinary stone 

trouble, stomach disorder and diarrhea (8,9). More 
and more studies have confirmed that C. bejolghota 
has a wide range of pharmacological effects, including 
antihyperglycemic and anti-oxidative activity (10). Our 
recent results also indicated that C. bejolghota is one of 
the promising candidates as anti-virulence drug resource 
for treatment of Salmonella infection by inhibiting 
the effector proteins (11), which maybe the reason 
for traditional usage of Cinnamomum on the stomach 
disorder, gastroprotective activity and diarrhea (12-15). 
Therefore, to fulfill the speculation, we try to disclose the 
possible anti-virulence effectiveness of C. bejolghota in 
vitro and in vivo and the possible mechanism.

2. Materials and methods

2.1. Plant material and preparation of extracts and 
fractions

The C. bejolghota barks were collected from Kalaw 
Reserve Forest of Tanggyi Shan State (20o35'57.98N, 
96o31'50.29E) in May 2017. It was authenticated by 
Yu Zhang and a voucher specimen of C. bejolghota 
bark (MB201705KLW009) was deposited in Kunming 
Institute of Botany, Chinese Academy of Sciences.
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	 The barks (1.0 kg) were cut into pieces, powdered 
and extracted with 95% ethanol for three times. 
The ethanol extract was concentrated using a rotary 
evaporator in vacuum at 40°C to yield a residue. Then, 
the residue was dispersed in water and extracted with 
petroleum ether (PE), ethyl acetate (EA), and n-Butanol 
(Bu) to obtain PE, EA, Bu and water (W) extracts, 
respectively. Further, the Bu extract was dissolved in 
MeOH to obtain MeOH soluble fraction (Fr.M). Each 
extract was dissolved in DMSO to make 100 mg/mL 
stock solution. All the extracts (PE, EA, Fr.M and W) 
were screened for their inhibitory effects on the secretion 
of T3SS effector proteins of S. Typhimurium. The results 
suggested that Fr.M showed excellent anti-T3SS activity. 
Therefore, Fr.M was subjected to MPLC (RP-18 silica 
gel, 140 g) and eluted with gradient MeOH in water 
(H2O, 30%, 50%, 70%, 90% and 100% MeOH) to obtain 
Fr.M1-M6. Then, Fr.M1-M6 was respectively dissolved 
in DMSO to make 100 mg/mL stock solutions for anti-
T3SS screening.

2.2. Culture conditions of bacteria strain and cell line

Salmonella enterica serovar Typhimurium UK-1 χ8956 
(S. Typhimurium) (16) was cultured in Luria-Bertani 
(LB) broth or on LB agar medium (1% tryptone, 0.5% 
yeast extract, 1% NaCl, pH 7.4) with 0.2% arabinose 
at 28°C or 37°C overnight. The quantity of bacteria 
was counted by measuring the OD600. Bacteria were 
harvested by centrifugation at 12,000 rpm for 5 min, 
then suspended in phosphate‐buffered saline (PBS) or 
LB media and used for the next experiments.
	 Human breast cancer cells MDA-MB-231 were 
cultured in RPMI-1640 medium (containing 10% fetal 
bovine serum) without antibiotics at 37°C and 5% CO2.

2.3. Isolation and detection of T3SS effector proteins

The potential inhibitory effects of the different extracts 
and fractions against T3SS associated effector proteins 
were screened at the concentration of 100 μg/mL 
using sodium dodecyl sulfate - polyacrylamide gel 
electrophoresis (SDS-PAGE) stained with Coomassie 
blue and western blotting analysis as described in the 
previously published literature (16,17).

2.4. Cytotoxicity assay

MDA-MB-231 cells were seeded in 96-cell plates 
(Corning, USA) with a density of 1.2 × 105 per well 
and the cells were incubated overnight at 37℃ with 
5% CO2. Each well was filled with 100 μL of medium 
with different concentrations of Fr.M1 ranging from 
6.25 to 100 μg/mL, and the DMSO control group was 
filled with 200 μL medium, and there are triplicates for 
each experiment. After that, the 96-well plates were 
incubated in a constant temperature incubator at 37℃ 

with 5% CO2 for 48 h. Ten μL CCK-8 reagent (Hanbio) 
was added to each well, then incubate for 4 h. The 
OD480 value was measured with a microplate reader, 
and the survival rate of co-cultured cells with extracts 
was calculated according to the following formula. 
Survival rate (%) = (OD480 of experimental group – 
OD480 of blank group)/(OD480 of control group – OD480 
of blank group) × 100%.

2.5. Gentamicin protection assay

In order to test whether Fr.M1 inhibited S. Typhimurium 
invasion into host cells, the gentamicin protection 
assay was carried out (16,18). Overnight cultures of 
the S. Typhimurium in LB medium (0.2% L-arabinose) 
in 25°C incubator were diluted 1:10 with fresh LB 
broth. Fr.M1 was added at the indicated concentration 
of 100 μg and cultures were placed in 37°C/220 rpm 
for 4 h. MDA-MB-231 cells were seeded in 96-cell 
plates with a density of 1.2 × 105 per well and the cells 
were incubated overnight at the atmosphere of 37℃ 
with 5% CO2. Wash cells three times with PBS, and 
200 μL cell culture medium was added to each well, 
then the plate was incubated at 37℃ for 30 minutes. S. 
Typhimurium was added to MDA-MB-231 cells at the 
multiplicity of infection (MOI) of 20. After incubating 
for 1 h at 37℃, cell culture medium containing 100 
μg/mL gentamicin was replaced to each well to kill 
noninvasive S. Typhimurium cells for 1 h at 37℃. Then, 
MDA-MB-231 cells were washed three times with PBS 
and 100 μL 1% TritonX-100 with 1 mM PMSF was 
added to each well to lyse cells. The colony forming 
units (CFU) of bacteria in the cell lysis solutions were 
counted by the method of plating 1:10, 1:100, 1:1,000 
dilution in LB agar plate with 0.2% L-arabinose.

2.6. Detection of SipC in the invasion assay

MDA-MB-231cells were seeded in 60 mm flat-bottom 
plates, incubated for 16 h at 37°C, and 5% CO2 in RPMI-
1640 supplemented with 10% FBS. Then MDA-MB-231 
cells were cultured for 30 min in RPMI-164 medium 
without FBS, and infected with S. Typhimurium at the 
MOI of 50 and 1,000. After the addition of Fr.M1 to 
the final concentrations of 100 μg/mL, the co-culture 
of Salmonella-MDA-MB-231 cells were incubated 
for 15, 30 and 60 min at 37°C, respectively. The co-
culture was centrifuged for 5 min at 12,000 g at 4°C. The 
cells were washed with PBS, and lysed with 1% Triton 
X-100 solution with PMSF at the final concentration 
of 1 mM. Cell lysate was collected and per 50 μL of 
lysate was mixed with 150 μL loading buffer. After 
95°C denaturation, proteins SipC and GADPH in 
different groups were analyzed by western blotting. All 
experiments were performed in triplicates.

2.7. Measurement of bacterial growth
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the statistical significance between the different 
groups. p values of < 0.05 were considered statistically 
significance.

3. Results and Discussion

3.1. Fr.M1 inhibit the secretion of effector proteins 
SipA, SipB, SipC and SipD of S. Typhimurium

C. bejolghota is a Myanmar medicinal plant, its bark 
soaking water or bark pasta made with water has 
profound potential for the treatment of severe diarrhea (8). 
Our recently screening results have suggested that the 
C. bejolghota bark extract showed inhibitory activity on 
the secretion of T3SS effectors of S. Typhimurium (11). 
In this study, the SDS-PAGE and western blotting results 
suggested that 100 μg/mL Fr.M showed significant anti-
T3SS effects on the secretion of effector proteins SipA, 
SipB, SipC and SipD (Figure 1a). Further fractionation 
Fr.M by MPLC to obtain Fr.M1 to M6, and anti-T3SS 
results suggested that Fr.M1 was the most active fraction 
(Figure 1b) inhibiting the secretion of effector proteins 
without an evident effect on the growth of bacteria (Figure 
1c).

3.2. Fr.M1 inhibited S. Typhimurium invasion into MDA-
MB-231 cells

The cytotoxicity of Fr.M1 was measured using the CCK-
8 assay (25). 100 μg/mL Fr.M1 showed no inhibitory 
effects on the growth of MDA-MB-231 cells (Figure 
2a). Then we investigated the protective ability of Fr.M1 
by blocking S. Typhimurium into MDA-MB-231 cells. 
The gentamicin protection assay suggested that Fr.M1 
significantly reduced bacterial invasion into MDA-
MB-231 cells compared to control group (Figure 2b). 
Meanwhile, the SipC level in MDA-MB-231 cells was 
detected by western blotting. The results suggested that 
Fr.M1 reduced the SipC lever in MDA-MB-231 cells 
compared to control (Figure 2c), which suggested that 
Fr.M1 can reduce S. Typhimurium invasion into MDA-
MB-231 cells.

3.3. Fr.M1 alleviated S. Typhimurium infection in vivo

In the infected experiment, 3 g/kg Fr.M1 was orally 
administered to Kunming mice, but no death was 
observed after 10 days. To investigate the impact of 
Fr.M1 treatment, the weight of Salmonella infected mice 
was measured daily for 10 days and the organ indexes 
were finally measured. As shown in Figure 3a, the 
weight loss of infected mice was significant after three 
days, whereas mice treated with Fr.M1 and Streptomycin 
could reduce the degree of weight loss. The organ index 
is a sensitive indicator representing the effects of drugs 
on animal organs. An increased organ index indicates 
congestion, oedema or hypertrophy of the organs, etc., 

S. Typhimurium was cultured in LB broth with 0.2% 
L-arabinose at 28°C and then diluted at 1:200 in fresh 
LB broth and incubated for 4 h at 37°C with Fr.M1 or 
DMSO. OD570 of the culture was measured every hour 
using a microplate reader (Bio-Rad 680, USA) and 
three replicates for each experiment.

2.8. Animal experiments

Kunming mice were purchased from the Experimental 
Animal Center of Shandong University. The mouse 
experiment is overseen by the Animal Welfare and 
Ethical Committee of Shandong University (Approval 
No, 20026). Mouse model for Salmonella infection was 
induced as described before (19-21). Mice were provided 
with water containing streptomycin (5 mg/mL) for two 
days before treated with free water and food. Drinking 
water was offered before Salmonella infection, followed 
by infection or sterile PBS treatments. Bacteria were 
successively incubated in a shaker at 25℃ and 37℃ 
to induce the production of T3SS effector proteins. 
Bacteria strains were washed three times with sterilized 
PBS before infection. By measuring the OD600 value, 
the CFU of the bacterial solution was determined 
to be properly concentration. Sixty 6-8 weeks old 
Kunming mice were divided into six groups, and 
every group included five males and five females. To 
make the infection model, each group mouse (n = 10) 
was infected with appropriately 3 × 108 of bacterial 
cells. Each mouse in groups A, B, C was respectively 
treated with 5 mg, 10 mg and 20 mg Fr.M1 for 5 days at 
12-h intervals every day. In each case, control groups 
received sterile PBS, the positive group was treated 
with streptomycin (5 mg/mL). The weight of the mice 
was measured daily for 10 days.
	 After 10-day post-infection, mice were sacrificed by 
cervical dislocation. The spleen, liver and kidney index 
of the Kunming mice were weighed and calculated.
	 To evaluate bacteria loads in spleen, liver and kidney 
tissue, all the samples were homogenized in cold PBS 
and serial dilutions of the homogenates were plated on 
LB plates under Salmonella-selective plating medium, 
followed by overnight incubation in 37°C.
	 For histopathological analysis, segments of kidney, 
liver and spleen were fixed and embedded in paraffin 
according to standard procedures (22-24). Cryosections 
were mounted on glass slides and stained with 
hematoxylin and eosin (H&E). Pathological evaluation 
was performed by using microscope (ZEISS, Axio 
Observer A1m, Germany) in a proper manner.

2.9. Statistical analyses

Means and standard deviations were calculated and 
analyzed using GraphPad Prism 7 (GraphPad Software, 
La Jolla, CA). The two-way analysis of variance 
(ANOVA) method was used in this software to evaluate 
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while a decreased organ index indicates organ atrophy 
and other degenerative changes. The liver and kidney 
indexes of the infected mice were significantly higher 
than that of the Fr.M1 treated mice, which indicated that 
Fr.M1 treatment could reduce inflammation and edema 
of the organs (Figure 3b).
	 By observing the tissue sections of liver, spleen and 
kidney, we found that Salmonella infection generally 
caused organ congestion and edema, with a marked 
inflammatory cell infiltration around the vessels. 

Meantime, the pathological conditions of mice have 
improved after treatment with 20 mg/mouse Fr.M1 
(Figure 3c).
	 In recent years, many molecules from medicinal 
plants have been reported as T3SS inhibitors, such as 
cinnamaldehyde (26), paeonol (27), licoflavonol (28), 
thymol (29), epigallocatechin-3-gallate (30). The in vitro 
or in vivo bioassays suggested that Fr.M1 was responsible 
for the anti-virulence activity of C. bejolghota. As a 
widely used medicinal and edible plant, C. bejolghota 

Figure 1. a) The screening results of different extract of C. bejolghota on the secretion of T3SS effector proteins SipA, SipB, SipC and SipD 
of S. Typhimurium (M, marker; cytosporone B, (Csn-B), positive control; DMSO, control); b) Fr.M1 inhibited the secretion of effector proteins 
SipA, SipB, SipC and SipD of S. Typhimurium; c) C. bejolghota bark extract and Fr.M1 did not significantly inhibit the bacterial growth at a 
concentration of 100 μg/mL.

Figure 2. a) Fr.M1 has no cytotoxic activity to MDA-MB-231 cells; b) Fr.M1 inhibited S. Typhimurium invasion into MDA-MB-231 cells (The 
values represent percentages of invasion bacteria as related to the initial input, and error bars indicate standard deviations from the means. The 
levels of statistical significance is indicated as ***p ≤ 0.001. The p value was calculated by comparing the value for the DMSO negative control.); c) 
Fr.M1 significantly reduced the translocation of effector protein SipC into MDA-MB-231 cells compared to DMSO control.
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also reported with diverse bioactivities such as anti-
inflammation, antipyretic and analgesic activity (31) and 
antihyperglycemic property (10). The main constituents 
of Cinnamomum have been reported (9,31,32), and 
as one of the main constituents, cinnamaldehyde was 
reported to be an inhibitor of Salmonella T3SS by 
affecting the expression of key effector proteins, and 
reducing the translation of multiple virulence genes of the 
bacteria (26). Unlike cinnamaldehyde, Fr.M1 was water 
soluble. Therefore, there must be undiscovered active 
ingredients in Fr.M1 and need to be further explored.
	 Our study disclosed the polar fraction of C. 
bejolghota bark extract performed an excellent anti-
virulent and anti-infectious property in in vitro and 
in vivo experiments. Therefore, we conclude that C. 
bejolghota bark could be used as an ideal material for the 
prevention and treatment of Salmonella caused infection 
or as supplementary food to be taken up by human 
or animals, and absorbed by the body together with a 
normal diet, which may become a new anti-virulence 
therapy.
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T-cell acute lymphoblastic lymphoma is a common hematological malignancy of childhood. It can 
involve the bone marrow, blood, or tissues like the thymus, lymph nodes as well as extra-nodal sites. 
Two aspects of the disease make early diagnosis critical - the clinically aggressive nature of the 
neoplasm, and availability of effective chemotherapy against the disease. Diagnosis is largely based on 
clinical suspicion and confirmation by histopathological examination of the affected tissue. However, 
biopsy results may not always be helpful in establishing the diagnosis. We describe the case of an 18-
year old patient presenting with fever and an anterior mediastinal mass suspected to have a T-cell 
lymphoma where an initial biopsy from the mass had features of a thymoma. The patient was kept 
in close follow up for 2 months when there was a recurrence of symptoms and a repeat bone marrow 
evaluation revealed a T-cell lymphoma.

1. Introduction

T-cell acute lymphoblastic lymphoma (ALL) is a 
common hematological malignancy of childhood 
comprising of almost 15% of all acute childhood 
leukemias (1). The disease commonly affects lymph 
nodes, thymus or the bone marrow, presenting variably 
as an anterior mediastinal mass, pancytopenia or 
generalized lymphadenopathy. The diagnosis is usually 
straightforward, based on clinical features supported 
by histopathological evidence from the affected tissue. 
However, it is often thrown into doubt when there is a 
disagreement between histopathological findings and 
clinical features. We describe the case of an 18-year-old 
male suspected to have T-cell lymphoma clinically, with 
biopsy findings indicative of a lymphocyte rich thymoma 
where the patient was kept in close follow up with later 
biopsies confirming T-cell lymphoma.

2. Case report 

An 18-year-old male presented with complaints of 
dry cough of six months duration with progressive 
shortness of breath, significant weight loss, and 
intermittent high-grade fevers for one month. Physical 
examination revealed left supraclavicular and axillary 
lymphadenopathy. Chest auscultation revealed reduced 
breath sounds over the left lower lung zones. Mediastinal 
widening with left pleural effusion was noted on 
chest radiogram. A subsequent contrast enhanced 

computerized tomography scan of the thorax evidenced a 
large homogenously enhancing structure encased by the 
mediastinal vasculature along with left pleural effusion 
and minimal pericardial effusion (Figure 1). The initial 
hemogram and reticulocyte count was within normal 
limits with the metabolic panel revealing hyperuricemia 
(12.8 mg/dL) and an elevated lactate dehydrogenase 
level of 1,212 U/L (Normal = 420 U/L). A provisional 
diagnosis of lymphoma was made and the patient was 
evaluated further. Thoracocentesis yielded exudative 
pleural fluid with no atypical cells. Fine needle aspiration 
of the supraclavicular lymph nodes was unrevealing. 
A biopsy of the mass was not feasible due to close 
proximity of mediastinal vessels. Hence, it was sampled 
by means of an ultrasound guided fine needle aspiration 
(FNA).
	 During the hospital course, the patient developed 
worsening respiratory distress and stridor due to 
increasing tracheal compression by the mediastinal mass. 
With the clinical suspicion of lymphoma, he was started 
on dexamethasone as a life-saving intervention despite 
a lack of histopathological evidence. His symptoms 
dramatically improved on steroids with diminution of 
lymphadenopathy, further supporting our suspicion of 
lymphoma.
	 The aspirate, however, revealed a focal meshwork of 
epithelioid cells staining positive for pancytokeratin with 
a predominant lymphoid background immunopositive 
for CD3 and terminal deoxynucleotidyl transferase (TdT) 
(Figure 2) consistent with the diagnosis of B1 subtype of 
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thymoma as per the WHO classification. As this report 
was not compatible with our provisional diagnosis and 
clinical response to steroids, a bone marrow biopsy 
was done to look for evidence of occult hematologic 
malignancy. The bone marrow biopsy at this time was 
non-contributory. In light of clinical improvement but 
lack of evidence to support our diagnosis, it was decided 
to keep the patient on close follow up after discharge 
for further evidence of the natural progression of the 
disease. He was asymptomatic for a month after which 
he developed intermittent fevers and pancytopenia. The 
diagnosis was reached at this time by a repeat bone 
marrow biopsy which now revealed a diffuse infiltration 
by sheets of blasts immunopositive for TdT consistent 
with acute lymphoblastic lymphoma. He is now on 
regular follow up at the cancer clinic having gone into 
remission after multiple cycles of chemotherapy.

3. Discussion

This case illustrates the dilemma of differentiating a 
T-cell ALL from a lymphocyte-rich thymoma. It also 
emphasizes on the importance of clinical acumen during 
decision making in the absence of diagnostic evidence. 
In children, lymphoblastic tumors are the most common 
cause of an anterior mediastinal mass constituting 
nearly 45% of the cases. Non-Hodgkin's lymphoma 
presenting solely as a mediastinal mass is very rare 
with an incidence of 5%. Thymomas, on the other hand, 
are uncommon in children and young adults showing 
increasing incidence with age (2).
	 Diagnosis of an anterior mediastinal mass includes 
a concurrent consideration of the patient's clinical 
presentation, radiological and histopathologic evidence. 
Considering symptomatology, a short history of days 
to weeks with the presence of 'B' symptoms, significant 
lymphadenopathy and pleural effusion in males 

between 10 and 40 years suggests the diagnosis of 
lymphoblastic non-Hodgkin's lymphoma (LB-NHL) 
with moderate certainty. The presence of malignant 
cells in the pleural fluid and bone marrow makes the 
diagnosis certain. Thymomas on the other hand are 
more indolent, presenting with compressive symptoms 
in 20-30% of cases with pleural effusion and significant 
lymphadenopathy (2%) seen only rarely. In our case, 
the symptomatology and epidemiological characteristics 
of the disease placed a diagnosis of LB-NHL in good 
certainty (3-5).
	 Lymphoblast ic  lymphoma is  diagnosed on 
FNA based on neoplastic cytomorphology with 
immunostaining for TdT and CD3, among other markers. 
Thymoma is a major non-neoplastic differential which 
is immunophenotypically similar. The presence of 
scattered cytokeratin positive thymic epithelial cells is 
diagnostic of lymphocyte-rich thymoma, which was the 
histopathologic diagnosis in our case (6,7). Diagnosis 
apart, FNA is also needed to characterize the type of 
lymphoma for the initiation of appropriate therapy.
	 The clinical presentation of our patient was 
confounded by the histopathologic picture. The lack of 
contributory evidence from the pleural fluid cytology 
and bone marrow biopsy made achieving the diagnosis 
harder still. Response to steroids made lymphoma a 
more probable scenario, though symptomatic thymomas 
have been reported to respond to steroids on multiple 
occasions (8,9). Considering the epidemiology, lack of 
evidence and the low rate of recurrence of a thymoma, 
allowing for further progression of the disease under 
close observation was the only feasible approach to attain 
the correct diagnosis leading to initiation of early and 
appropriate treatment.
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Figure 1. Contrast enhanced computerized tomography image of 
the thorax showing enhancing mediastinal mass (Asterix) encased 
by the mediastinal vasculature (Black ●).

Figure 2. Histopathological and immunohistochemistry images 
from the aspirate of the anterior mediastinal mass. (A). Small 
to intermediate sized lymphoid cells (40× magnification). (B). 
Focal meshwork of pan-cytokeratin positive epithelial cells (White 
arrowhead) (20× magnification). (C). Immunohistochemistry showing 
background cells staining positive for CD3 (20× magnification). (D). 
Immunohistochemistry showing background cells staining positive for 
Tdt (20× magnification).
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Chinese prescription, Kangen-karyu, lifestyle, metabolic syndrome, case report

We report a case of a 65-year-old patient with hypertension, dyslipidemia, type 2 diabetes, chronic 
kidney disease, and hyperuricemia, who showed an improvement in lifestyle-induced metabolic 
syndrome on the administration of 7.5 g of Kangen-karyu extract per day for 6 months. The levels 
of serum total cholesterol, low-density lipoprotein-cholesterol, and triglycerides were decreased. 
The systolic/diastolic blood pressure was decreased following administration. Other parameters 
such as estimated glomerular filtration rate, creatinine, uric acid, aspartate transaminase, alanine 
aminotransferase, γ-glutamyl transpeptidase, and creatine phosphokinase were improved by the 
administration of Kangen-karyu extract. At that time, the physical and subjective symptoms had 
partially disappeared. We present evidence supporting the use of Kangen-karyu extract against 
metabolic syndrome.

1. Introduction

Lifestyle-induced metabolic disease is caused by an 
unhealthy lifestyle, which usually includes the combination 
of a poor diet, lack of exercise, environmental pollution, 
and excess stress. The most common causes of these 
lifestyle disorders are related to the diet – consuming 
unhealthy food uncontrolled eating, overconsumption of 
artificial sweeteners, processed foods, and junk foods. In 
addition, addictive habits like tobacco smoking, eating 
snacks, consumption of alcohol, irregular sleeping habits, 
stress, and modern-day urbanization have aggravated 
the situation. A subsequent milestone in the progression 
to metabolic disease is the development of metabolic 
syndrome, which is defined by having three or more of 
the following: increased waist circumference, high blood 
pressure, high triglycerides, low high-density lipoprotein 
(HDL)-cholesterol, and high fasting blood sugar. The 
final stage of this progression is the development of more 
severe metabolic disease such as diabetes, heart disease, 
obesity, fatty liver disease, and/or cancer (1,2).
	 In the treatment of metabolic syndrome, traditional 
Chinese medicine is an excellent example of alternative 
and complementary medicine with a long history, 

unique theory system, and variety of herbal remedies. 
Several randomized controlled trials have shown the 
curative effects of traditional Chinese medicine on 
metabolic syndrome, with some studies focusing on 
the independent components of metabolic syndrome 
(3). We chose Kangen-karyu (Guan-Yuan-Ke-Li in 
Chinese: a crude drug consisting of Salviae Miltiorrhizae 
Radix, Cnidii Rhizoma, Paeoniae Radix, Carthami Flos, 
Aucklandiae Radix, and Cyperi Rhizoma, as shown in 
Table 1), a traditional Chinese prescription modified 
from Kan-shin No. 2 (Guan-xin No. 2 in Chinese) (4). 
It showed beneficial effects to improve signs of high-
fructose diet-induced metabolic syndrome, such as 
hyperglycemia, hyperlipidemia, and hypertension, 
through the reduction of triglyceride and cholesterol 
levels by the regulation of hepatic sterol regulatory 
element-binding protein-1 (SREBP-1) expression, and 
also exhibited protective effects against high-cholesterol 
diet-induced hypercholesterolemia in rats (5,6). We 
also reported the beneficial effect of Kangen-karyu on 
dyslipidemia in a mouse model of type 2 diabetes (7). 
As Kangen-karyu has been clinically used as a treatment 
for cardiovascular disease, including angina pectoris and 
cerebrovascular diseases (8,9), the results of our previous 
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study provide important evidence that this prescription 
ameliorates metabolic syndrome.
	 On the basis of the findings obtained from these 
fundamental studies, we administered Kangen-karyu to 
a patient with lifestyle-induced metabolic syndrome, and 
evaluated its treatment-based usefulness.

2. Case presentation

This study was conducted according to the ethical 
guidelines for epidemiological research set by the 
Japanese Ministry of Education, Culture, Sports, Science 
and Technology and Ministry of Health, Labour, and 
Welfare. Ethical approval was obtained from the Clinical 
Research Ethics Committees of Shinseikai Toyama 
Hospital (Toyama, Japan). Written informed consent 
was obtained from the patient at the time of enrollment 
for the collection of clinical information and biosamples 
for archival and research purposes. A 65-year-old man 
with hypertension, dyslipidemia, type 2 diabetes, chronic 
kidney disease, and hyperuricemia was previously 
diagnosed with metabolic syndrome at Shinseikai 
Toyama Hospital. Subsequently, the patient modified his 
lifestyle and continued to receive existing treatments: 
an antihypertensive agent (micardis: 20 mg/day) and 
antilipidemic agent (livaro: 1 mg/day). However, he 
presented to our hospital on October 9, 2019, seeking 
to recover his functional level with herbal medicine. 
From the next day, Kangen-karyu extract (7.5 g/day) was 
administered three times a day before every meal until 
April 13, 2020.
	 Before Kangen-karyu extract administration, his 
initial anthopometric measurements included a body 
weight of 81.6 kg with a height of 173 cm, a body 
mass index (BMI) of 27.4 kg/m2, and an abdominal 
circumference of 98.4 cm, which classified him as obese. 
His systolic/diastolic blood pressure was 130/86 mmHg 
(Table 2). Hemoglobin A1c (HbA1c) was 6.1%, showing 
poorly controlled blood glucose. The levels of serum 
lipids were as follows: total cholesterol: 216 mg/dL, 
low-density lipoprotein (LDL)-cholesterol: 118 mg/dL, 
HDL-cholesterol: 46 mg/dL, and triglycerides: 306 mg/
dL, indicating hyperlipidemia (Table 3). In addition, the 
estimated glomerular filtration rate (eGFR) was 33.0 mL/
min/1.73 m2 based on the Modification of Diet in Renal 
Disease (MDRD) equation (10), and this corresponded to 
a serum creatinine level of 1.69 mg/dL. The serum uric 

acid level was 8.6 mg/dL, representing hyperuricemia 
derived from kidney disease.
	 The pat ient  was an alcoholic ,  and alcohol 
consumption was assessed by questioning. The patient 
was asked about their average frequency (days per 
month) and amount (in mL) of alcoholic beverages 
ingested on a typical occasion or during a typical day, 
and categorized as a heavy consumer (≥ 30 g alcohol/
day) according to the average daily alcohol consumption 
proposed by Agarwal (11). At that time, enzymes 
related to the hepatobiliary system and myocardial 
infarction were determined to assess their effects on the 
relationship between alcohol consumption and metabolic 
syndrome. Alanine aminotransferase (ALT), γ-glutamyl 
transpeptidase (γ-GTP), and creatine phosphokinase 
(CPK) were found to be poorly controlled. There were, 
however, no significant changes in the activities of 
aspartate transaminase (AST), alkaline phosphatase 
(ALP), or lactate dehydrogenase (LDH) (Table 3).
	 Assessment of somatic and subjective symptoms 
involved completing a series of questionaries at the 
beginning and end of the study. The symptom checklist 
included the following: dizziness and palpitation, stiff 
shoulders and headache, coldness of the limbs and 
fatigability, mental stress, sleeping disorder, tension of 
the stomach and abdomen, pain, numbness of the waist 
and body, dark circles around the eyes and lip symptoms, 
stains on the face, mottled skin, and tongue symptoms. 
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Table 1. Composition of Kangen-karyu

Common name

Salviae Miltiorrhizae 
Radix
Cnidii Rhizoma
Paeoniae Radix
Carthami Flos
Aucklandiae Radix
Cyperi Rhizoma

Family name

Labiatae

Umbelliferae
Paeoniaceae
Compositae
Compositae
Cyperaceae

         Botanical name

Salvia miltiorrhiza BUNGE

Cnidium officinale MAKINO

Paeonia lactiflora PALLAS

Carthamus tinctorius L.
Aucklandia lappa DCNE.
Cyperus rotundus L.

Table 2. Physical characteristics on administration of 
Kangen-karyu for 6 months

Parameter

Body weight (kg)
Height (cm)
BMI (kg/m2)
Abdominal circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Post

  81.7
173
  27.2
  98.0
126
  70

 Pre

  81.6
173
  27.4
  98.4
130
  86

Table 3. Laboratory data on administration of Kangen-
karyu for 6 months

Parameter

HbA1c (%)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol/HDL-cholesterol
Triglycerides (mg/dL)
Uric acid (mg/dL)
Urea nitrogen (mg/dL)
Creatinine (mg/dL)
eGFR (mL/min/1.73 m2)
AST (U/L)
ALT (U/L)
ALP (U/L)
LDH (U/L)
γ-GTP (U/L)
CPK (U/L)

Post

    6.5
197
108
  46
    2.3
224
    7.7
  20.8
    1.46
  38.7
  18
  25
202
148
  76
112

Pre

    6.1
216
118
  46
    2.6
306
    8.6
  21.7
    1.69
  33.0
  26
  42
215
154
168
197
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of Kangen-karyu significantly improved high-fructose-
induced metabolic syndrome such as hyperglycemia, 
hyperlipidemia, and hypertension through the reductions 
of triglyceride and cholesterol contents with the 
regulation of hepatic SREBP-1 and the nuclear factor-
kappa B signaling pathway (6). The results of our 
previous study suggest that Kangen-karyu may play a 
protective role against metabolic syndrome.
	 In the present case, there was an improvement in 
metabolic syndrome following the administration of 
Kangen-karyu extract for 6 months. The levels of serum 
total cholesterol, LDL-cholesterol, and triglycerides were 
decreased. The systolic/diastolic blood pressure was 
decreased compared with non-administration. At that 
time, the somatic and subjective symptoms had partially 
disappeared. Herein, we present a therapeutic option of 
Kangen-karyu based on metabolic parameters.
	 Although the mechanism underlying the development 
of the metabolic syndrome is not understood fully, it has 
been proposed that metabolic syndrome appears as a 
result of the reciprocal action of several environmental 
factors. In particular, alcohol consumption is one of the 
most prevalent habits in the general population (19). The 
beneficial effect of regular, light to moderate alcohol 
consumption on the development of coronary artery 
disease can be explained by several factors, including 
increase HDL-cholesterol and the balance between 
blood coagulation and fibrinolysis (20,21). The harmful 
effects of heavy alcohol consumption are due to an 
increase in plasma triacylglycerol and increased blood 
pressure (22,23). Each of these factors is a component 
of metabolic syndrome. Therefore, it is of interest to 
evaluate the overall associations of alcohol consumption 
with the development of metabolic syndrome. In the 
present case, the levels of serum total cholesterol, LDL-
cholesterol, and triglycerides improved following the 
administration of Kangen-karyu extract. The blood 
pressure decreased compared with non-administration. In 
addition, interesting findings were obtained with regard 
to enzymes related to the hepatobiliary system and 
myocardial infarction: the levels of AST, ALT, γ-GTP, 
and CPK decreased compared with non-administration. 
Although the association of alcohol consumption with 
metabolic syndrome is complex and controversial, 
as both protective and detrimental effects have been 
reported (19,24), we report evidence to support the use 
of Kangen-karyu as an adjunctive therapy for a patient 
with lifestyle-induced metabolic syndrome. Kangen-
karyu exhibits good efficacy in the treatment of lifestyle-
induced metabolic syndrome.
	 Treatment for metabolic syndrome involves the 
management of a cluster of chronic diseases such as 
diabetes mellitus, hypertension, dyslipidemia, and 
obesity. However, traditional Chinese medicine has 
received much attention as a source of multi-target 
strategies due to its multiple beneficial effects and 
absence of toxic and/or side effects. We have been 

The change in each symptom was assessed with a 3-point 
rating scale: "marked improvement" was 5 points, 
"improvement" was 4 points, and "slight improvement" 
was 2 points. The assessment of global improvement 
rating of subjective symptoms simply involved the 
addition of points. At the same time, the tongue was 
evaluated based on factors such as the color, coating, and 
sublingual vein.
	 During the administration of Kangen-karyu extract, 
a physical examination was performed to evaluate its 
effect on metabolic syndrome. As shown in Table 2, 
BMI and abdominal circumference showed no changes 
on administration of the Kangen-karyu extract, but the 
systolic/diastolic blood pressure was decreased from 
130/86 to 126/70 mmHg. The total cholesterol level had 
decreased from 216 to 197 mg/dL at the 6-month follow-
up. The elevated levels of LDL-cholesterol and LDL-
cholesterol/HDL-cholesterol were slightly reduced on 
treatment with Kangen-karyu extract during the follow-
up period. Oral administration of Kangen-karyu extract 
significantly reduced the increased triglyceride level. 
Other parameters such as eGFR, creatinine, uric acid, 
AST, ALT, γ-GTP, and CPK were improved by the 
administration of Kangen-karyu extract, as shown in 
Table 3. At that time, somatic and subjective symptoms 
such as cold limbs, fatigue, insomnia, tension in the 
stomach and abdomen, gas in the bowels, pain and 
numbness of the lower back, pale complexion, and 
stains had improved. After 6 months, the score using the 
questionnaire had decreased from 46 to 36 at the follow-
up. There was a slight improvement in the tongue coating 
on the administration of Kangen-karyu.

3. Discussion

Metabolic syndrome is defined as a disease state 
complicated by multiple metabolic diseases such as 
hyperlipidemia, hypertension, and diabetes. Even when 
each individual component disease is mild, the risk 
of metabolic syndrome is high. Over the past decade, 
different organizations have proposed various diagnostic 
criteria. The use of traditional Chinese medicine for 
the treatment of metabolic syndrome is becoming 
increasingly common due to its wide availability. 
Traditional Chinese prescriptions have received much 
attention as potential sources of novel therapeutic agents 
due to their multiple beneficial effects and absence of 
toxic and/or side effects (12).
	 We chose Kangen-karyu extract for the following 
reasons. Firstly, it has been clinically used as a treatment 
for cardiovascular diseases (8,9). Secondly, Kangen-
karyu has received much attention as a source of 
new therapeutic agents based on pre-clinical animal 
experiments related to various human diseases (5-7,13-
18). To add to these findings, we reported experimental 
evidence supporting its preventive and/or therapeutic 
potential against metabolic syndrome. The administration 
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investigating the multi-target therapeutic effects of 
Kangen-karyu on patients with metabolic syndrome. 
The present case provides strong evidence to support 
the administration of Kangen-karyu extract as a 
therapeutic agent to prevent the progression of 
metabolic syndrome.
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Is amiloride a promising cardiovascular medication to persist in 
the COVID-19 crisis?
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In the ongoing coronavirus diseases-2019 (COVID-19) crisis that caused immense suffering and 
deaths, the choice of therapy for the prevention and life-saving conditions must be based on sound 
scientific evidence. Uncertainty and apprehension are exacerbated in people using angiotensin-
converting enzyme (ACE) inhibitors to control their comorbidities such as hypertension and diabetes. 
These drugs are reported to result in unfavorable outcome as they tend to increase the levels of ACE2 
which mediates the entry of SARS-CoV-2. Amiloride, a prototypic inhibitor of epithelial sodium 
channels (ENaC) can be an ideal candidate for COVID-19 patients, given its ACE reducing and 
cytosolic pH increasing effects. Moreover, its potassium-sparing and anti-epileptic activities make it a 
promising alternative or a combinatorial agent.

The world is anxiously watching the escalating spread 
of a novel pandemic that has already caused immense 
suffering and deaths (1). In this situation, the choice 
of therapy for coronavirus diseases-2019 (COVID-19) 
prevention and life-saving purpose must be supported 
by compelling scientific evidence (2). People suffering 
from co-morbid conditions such as diabetes and 
hypertension are reportedly at a higher risk of death 
(3). Uncertainty and apprehensions are exacerbated in 
these people since they rely on certain drugs to control 
their comorbidities (4). If at all angiotensin-converting 
enzyme (ACE) inhibitors result in unfavorable outcomes 
(5,6), a potassium-sparing diuretic can come to rescue. 
We hypothesized that amiloride, a prototypic inhibitor of 
epithelial sodium channels (ENaC) (7), can alleviate the 
expression of ACE2 in human lung epithelial cells.
	 In our study, amiloride, an epithelial sodium channel 
(ENaC) inhibitor, was found to reduce the expression of 
angiotensin-converting enzyme (ACE2) in both human 
alveolar epithelial and bronchial epithelial cell lines at 
24 h as illustrated in Figure 1. Similarly, 'with no lysine 
kinase' (WNK) inhibitor showed a reduction in both cell 
lines but it was not significant. WNKs are a novel family 
of serine-threonine kinase known to regulate ENaC (8) 
and therefore it was inhibited in the study to determine 
the signaling pathway involved.
	 Multiple reasons support the use of amiloride in 
patients with cardiovascular morbidities during the 
coronavirus diseases-2019 (COVID-19) crisis. Firstly, 

ACE2 mediates the entry of SARS-CoV-2 (9) and 
therefore it may constitute a pharmacological target 
to limit cell entry of the virus (10). Amiloride induced 
reduction in ACE2 expression in bronchial and alveolar 
epithelial cells indicates a beneficial effect of the drug 
in restricting the entry of SARS-CoV-2. Secondly, 
a decreased cytosolic pH is believed to be the most 
important reason behind COVID-19 infection resulting 
in a higher incidence of the disease in the elderly and 
smokers. Amiloride can counteract the low cytosolic pH 
by acting on Na+/H+ exchanger (11). Thirdly, amiloride 
is effective in lung tissue (11), which is the most 
frequent site of infection for SARS-CoV-2 indicated by 
acute respiratory distress syndrome and mortality (12). 
Fourthly, potassium was reported to be significantly 
lower in severe COVID-19 patients (13) and the 
correction of hypokalemia was found to be challenging 
because of its continuous renal potassium loss resulting 
from the degradation of ACE2 (14). Amiloride with its 
potassium-sparing diuretic activity (15), helps restore 
normal serum potassium concentrations in those who 
develop hypokalemia (16). Finally, The Center for 
Disease Control and Prevention (CDC) suggests that 
epilepsy, among neurological comorbidities, maybe 
a predisposing factor for COVID-19 despite lack of 
evidence (17). Fortuitously, the illness associated 
with abnormal electric discharge (18) was found to 
be alleviated in rodents by anti-seizure and other 
neurological activities of amiloride (19). 

Communication
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	 Regardless of the salt-sensitive status, large meta-
analyses have reported the superiority of low-dose 
diuretics against other alternatives in hypertension 
(20). In the ongoing uncertainty over the safety of ACE 
inhibitors during the COVID-19 crisis, amiloride usage 
as an alternative or a combinatorial agent in the aforesaid 
co-morbidities can not only ameliorate the cardiovascular 
events but can also help in COVID-19 as pictorially 
illustrated in Figure 2. 

Materials and Methods 

Cell lines and reagents: The human A549 adenocarcinoma 
(ATCC® CCL-185™) and Human bronchial (H441) 
epithelial (ATCC® HTB-174™) cell lines obtained from 
ATCC (Manassas, VA) were cultured in DMEM high 
glucose and RPMI 1640 media (Hyclone, Logan, UT), 
respectively supplemented with 10% heat-inactivated 
fetal bovine serum (Atlanta Biologicals, Atlanta, GA), 

100 U/mL penicillin, and 100 mg/mL streptomycin 
in a humidified incubator at 37°C and 5% CO2. Cells 
were routinely passaged when they reached 80-90% 
confluency. Compound inhibitors were obtained from 
Selleckchem, Houston, TX for WNK (WNK 463, 
Cat#S8358) and epithelial sodium channel (Amiloride, 
Cat#S1811) to be used in the concentrations of 1 µM and 
10 µM, respectively.

	 Western blotting: The cell lysates were prepared 
using 1X RIPA lysis buffer (Millipore, Temecula, 
CA) supplemented with protease and phosphatase 
inhibitor tablets (Roche Applied Science, Indianapolis, 
IN). Protein concentration was measured by the DC 
protein assay (Bio-Rad Laboratories, Hercules, CA) 
and approximately 40-50 μg of cell lysates in Laemmli 
buffer were used. Densitometry was performed using 
NIH ImageJ software. Primary antibodies against 
ACE2 (Cat# MABN59) and β-tubulin (Cat#2118S) 
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Figure 1. Amiloride suppresses ACE2 expression in A549 and H441 cells. Immunoblots and densitometric analyses of ACE2 expression on 
WNK and ENaC inhibitors at 24 h in (A) A549 and (B) H441 cell lines.

Figure 2. Diagrammatic illustration of amiloride effects. It inhibits (A) ACE2 expression; (B) Hypokalemia; (C) Acidic pH in the cytosol and (D) 
Seizures.
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were purchased from Millipore Sigma (Burlington, 
MA) and Cell Signaling Technology (Danvers, MA), 
respectively.

	 Statistical analysis: All the data are presented as mean 
± SEM. The 'n' value for each figure implies the number 
of samples in each group. All the data were analyzed by 
parametric testing using the Student's unpaired t-test or 
one-way ANOVA, followed by the posthoc test using the 
GraphPad Prism 6.01 software. Data with p < 0.05 were 
considered significant.
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Stabilizing mast cells by commonly used drugs: a novel 
therapeutic target to relieve post-COVID syndrome?
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Regardless of the severity of coronavirus disease 2019 (COVID-19), a high proportion of patients 
struggle with persistent respiratory or systemic symptoms after recovery. This is called "post-
COVID syndrome", for which pulmonary fibrosis is one of the pathogenesis. Besides T-lymphocytes 
and macrophages, mast cells also contribute to the development of cytokine storm and thus 
stimulate the activity of fibroblasts. Additionally, by the exocytotic release of fibroblast-activating 
factors, mast cells directly facilitate the progression of pulmonary fibrosis. In our previous basic 
studies, anti-allergic drugs (olopatadine, ketotifen), antibiotics (clarithromycin) and corticosteroids 
(hydrocortisone, dexamethasone) inhibited the process of exocytosis and showed their potency as 
highly effective mast cell stabilizers. Given such pharmacological properties of these commonly 
used drugs, they may be useful in the treatment of post-COVID-19 pulmonary fibrosis and in 
relieving the symptoms of post-COVID syndrome.

Coronavirus disease 2019 (COVID-19) is caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). In most cases, patients are asymptomatic or 
only present with mild to moderate symptoms, including 
fever, dry cough and shortness of breath. Nevertheless, 
some patients develop severe pneumonia or acute 
respiratory distress syndrome (ARDS), sometimes 
complicated by multiple organ dysfunction due to 
systemic thrombotic microangiopathy (1). Recently, 
regardless of the severity of the disease, a high 
proportion of patients with COVID-19 are reported 
to struggle with persistent respiratory or systemic 
symptoms after recovery (2,3). This so-called "post-
COVID syndrome" includes dyspnea, chest pain, 
generalized fatigue and joint pain, for which pulmonary 
fibrosis is one of the pathogenesis (4,5). 
	 Pulmonary fibrosis is the interstitial pulmonary 
disease characterized by the proliferation of fibroblasts, 
the excessive deposition of collagen and extracellular 
matrix, and the destruction of normal pulmonary 
architecture (6). For the development of idiopathic 
pulmonary fibrosis, several growth factors, such 
as transforming growth factor (TGF)-β, vascular 
endothelial growth factor (VEGF), platelet-derived 
growth factor (PDGF) and epidermal growth factor 
(EGF), are generally considered to be responsible (7,8), 
since these growth factors promote the profibrogenic 

process of the lung after injury. For the development 
of "post-COVID-19" pulmonary fibrosis, cytokine 
storm, which is characterized by the over-activation 
of leukocytes and the uncontrolled secretion of pro-
inflammatory cytokines, is additionally thought to be 
responsible (9,10). These cytokines impair the recovery 
process from the lung injury and stimulate the activity 
of fibroblasts to produce collagen, and thus promote the 
progression of pulmonary fibrosis (11).
	 We have demonstrated in several animal studies that 
the overexpression of Kv1.3-channels in T-lymphocytes 
and macrophages is strongly associated with their 
over-activation and the progression of renal fibrosis 
(12,13). In these studies, margatoxin, a selective Kv1.3-
channel inhibitor, actually suppressed the activity of 
the leukocytes and slowed the progression of renal 
fibrosis. On the other hand, in a series of patch-clamp 
studies, we have revealed the suppressive properties of 
nonsteroidal anti-inflammatory drugs (NSAIDs), anti-
hypertensive drugs, anti-cholesterol drugs and anti-
allergic drugs on lymphocyte Kv1.3-channels (14-16). 
Taking into account such pharmacological properties of 
these drugs, they may also be useful in the treatment of 
post-COVID-19 pulmonary fibrosis, in addition to their 
usefulness in suppressing cytokine storm (9).
	 Besides T-lymphocytes and macrophages, recent 
studies additionally indicate a large contribution of mast 
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cells to the pathogenesis of cytokine storm triggered by 
SARS-CoV-2 (17,18). Once activated by the virus, mast 
cells that reside in the respiratory mucous membrane 
produce pro-inflammatory cytokines,  such as 
interleukin (IL)-1, IL-4, IL-5, IL-6 and tumor necrosis 
factor (TNF)-α, in addition to their exocytotic release of 
chemokines (19). Additionally, several studies revealed 
that mast cells directly facilitate the progression 
of pulmonary fibrosis by the exocytotic release of 
fibroblast-activating factors (20,21). In these studies, 
the factors promoted the migration and proliferation 
of fibroblasts and stimulated their activity to produce 
collagen (Figure 1). 
	 Previous studies revealed that mast cells are also 
responsible for the development and progression of 
organ fibrosis, such as liver cirrhosis, systemic sclerosis 
and renal fibrosis (22-24). Therefore, based on these 
findings, these studies suggested the pharmacological 
efficacy of suppressing the mast cell activity in the 
treatment or protection against organ fibrosis. The 
pharmacological approaches that were taken were 
either directly stabilizing mast cells or indirectly 
inhibiting the chemokines released from mast cells. 
In our previous animal study, tranilast, one of the 
potent mast cell stabilizers, actually ameliorated the 
progression of peritoneal fibrosis complicated with 
chronic renal failure (25). On the other hand, in a series 
of patch-clamp studies, by monitoring the changes in 
the whole-cell membrane capacitance in mast cells, 
we provided in vitro evidence that anti-allergic drugs 
(olopatadine, ketotifen), antibiotics (clarithromycin) 
and corticosteroids (hydrocortisone, dexamethasone) 
strongly inhibit the process of exocytosis (26-29). 
Morphologically, these drugs actually suppressed the 

degranulation from mast cells, showing their potency as 
highly effective mast cell stabilizers. Of note, prazosin, 
an α1-adrenergic receptor blocker, synergistically 
enhanced the mast cell-stabilizing property of 
adrenaline (30). Given such pharmacological properties 
of these commonly used drugs, they may also be 
useful in the treatment of post-COVID-19 pulmonary 
fibrosis and in relieving the symptoms of post-COVID 
syndrome (Figure 1).
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Figure 1. Mast cells in the development of pulmonary fibrosis and 
as the target of anti-allergic drugs, antibiotics and corticosteroids. 
Once mast cells are activated by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), they produce fibroblast-activating 
factors. These factors promote the migration and proliferation of 
fibroblasts and facilitate the progression of pulmonary fibrosis, causing 
post-COVID syndrome. Anti-allergic drugs (olopatadine, ketotifen), 
antibiotics (clarithromycin) and corticosteroids (hydrocortisone, 
dexamethasone) that stabilize mast cells suppress the progression 
of pulmonary fibrosis and relieve the symptoms of post-COVID 
syndrome.
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necessary, additional information should be given below the 
table.

Figure Legend: The figure legend should be typed on a 
separate page of the main manuscript and should include a 
short title and explanation. The legend should be concise but 
comprehensive and should be understood without referring 
to the text. Symbols used in figures must be explained. Any 
individually labeled figure parts or panels (A, B, etc.) should 
be specifically described by part name within the legend.

Figure Preparation: All figures should be clear and cited in 
numerical order in the text. Figures must fit a one- or two-
column format on the journal page: 8.3 cm (3.3 in.) wide for 
a single column, 17.3 cm (6.8 in.) wide for a double column; 
maximum height: 24.0 cm (9.5 in.). Please make sure that 
artwork files are in an acceptable format (TIFF or JPEG) 
at minimum resolution (600 dpi for illustrations, graphs, 
and annotated artwork, and 300 dpi for micrographs and 
photographs). Please provide all figures as separate files. 
Please note that low-resolution images are one of the leading 
causes of article resubmission and schedule delays.

Units and Symbols: Units and symbols conforming to 
the International System of Units (SI) should be used for 
physicochemical quantities. Solidus notation (e.g. mg/kg, 
mg/mL, mol/mm2/min) should be used. Please refer to the SI 
Guide www.bipm.org/en/si/ for standard units.

Supplemental data: Supplemental data might be useful for 
supporting and enhancing your scientific research and Drug 
Discoveries & Therapeutics accepts the submission of these 
materials which will be only published online alongside the 
electronic version of your article. Supplemental files (figures, 
tables, and other text materials) should be prepared according 
to the above guidelines, numbered in Arabic numerals (e.g., 
Figure S1, Figure S2, and Table S1, Table S2) and referred 
to in the text. All figures and tables should have titles and 
legends. All figure legends, tables and supplemental text 
materials should be placed at the end of the paper. Please note 
all of these supplemental data should be provided at the time 
of initial submission and note that the editors reserve the right 
to limit the size and length of Supplemental Data.

5. Submission Checklist

The Submission Checklist will be useful during the final 
checking of a manuscript prior to sending it to Drug 
Discoveries & Therapeutics for review. Please visit Download 
Centre and download the Submission Checklist file.

Materials and Methods: The description should be brief 
but with sufficient detail to enable others to reproduce 
the experiments. Procedures that have been published 
previously should not be described in detail but appropriate 
references should simply be cited. Only new and significant 
modifications of previously published procedures require 
complete description. Names of products and manufacturers 
with their locations (city and state/country) should be given 
and sources of animals and cell lines should always be 
indicated. All clinical investigations must have been conducted 
in accordance with Declaration of Helsinki principles. All 
human and animal studies must have been approved by 
the appropriate institutional review board(s) and a specific 
declaration of approval must be made within this section.

Results: The description of the experimental results should be 
succinct but in sufficient detail to allow the experiments to be 
analyzed and interpreted by an independent reader. If necessary, 
subheadings may be used for an orderly presentation. All 
figures and tables must be referred to in the text.

Discussion: The data should be interpreted concisely without 
repeating material already presented in the Results section. 
Speculation is permissible, but it must be well-founded, 
and discussion of the wider implications of the findings is 
encouraged. Conclusions derived from the study should be 
included in this section.

Acknowledgments: All funding sources should be credited 
in the Acknowledgments section. In addition, people who 
contributed to the work but who do not meet the criteria for 
authors should be listed along with their contributions.

References: References should be numbered in the order in 
which they appear in the text. Citing of unpublished results, 
personal communications, conference abstracts, and theses in 
the reference list is not recommended but these sources may 
be mentioned in the text. In the reference list, cite the names 
of all authors when there are fifteen or fewer authors; if there 
are sixteen or more authors, list the first three followed by 
et al. Names of journals should be abbreviated in the style 
used in PubMed. Authors are responsible for the accuracy of 
the references. The EndNote Style of Drug Discoveries & 
Therapeutics could be downloaded at EndNote (https://www.
ddtjournal.com/examples/Drug_Discoveries_Therapeutics.ens).

Examples are given below:

Example 1 (Sample journal reference):

Nakata M, Tang W. Japan-China Joint Medical Workshop on 
Drug Discoveries and Therapeutics 2008: The need of Asian 
pharmaceutical researchers' cooperation. Drug Discov Ther. 
2008; 2:262-263.

Example 2 (Sample journal reference with more than 15 
authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of 
lung cancer: Collaborative analysis of individual data from 13 
European case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):

Shalev AY. Post-traumatic stress disorder: Diagnosis, history 
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6. Online Submission

Manuscripts should be submitted to Drug Discoveries & 
Therapeutics online at https://www.ddtjournal.com. The 
manuscript file should be smaller than 5 MB in size. If for any 
reason you are unable to submit a file online, please contact 
the Editorial Office by e-mail at office@ddtjournal.com.

7. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be sent to the 
corresponding author via e-mail. Corrections must be returned 
to the editor (proof-editing@ddtjournal.com) within 3 
working days.

Offprints: Authors will be provided with electronic offprints 
of their article. Paper offprints can be ordered at prices quoted 
on the order form that accompanies the proofs.

Page Charge: Page charges will be levied on all manuscripts 
accepted for publication in Drug Discoveries & Therapeutics 
($140 per page for black white pages; $340 per page for color 
pages). Under exceptional circumstances, the author(s) may 

apply to the editorial office for a waiver of the publication 
charges at the time of submission.

Misconduct: Drug Discoveries & Therapeutics takes seriously 
all allegations of potential misconduct and adhere to the 
ICMJE Guideline (http://www.icmje.org/recommendations) 
and COPE Guideline (http://publicationethics.org/files/Code_
of_conduct_for_journal_editors.pdf). In cases of suspected 
research or publication misconduct, it may be necessary 
for the Editor or Publisher to contact and share submission 
details with third parties including authors’ institutions and 
ethics committees. The corrections, retractions, or editorial 
expressions of concern will be performed in line with above 
guidelines.

(As of June 2020)

Drug Discoveries & Therapeutics
Editorial and Head Office

Pearl City Koishikawa 603,
2-4-5 Kasuga, Bunkyo-ku,

Tokyo 112-0003, Japan.
E-mail: office@ddtjournal.com
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