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Suppressive effects of whey protein hydrolysate on sucrose-
induced hyperglycemia in silkworms

Yasuhiko Matsumoto1,2, Miki Takahashi2,3, Masahiro Umehara4, Masato Asano4, 
Hiroko Maruki-Uchida4, Minoru Morita4, Kazuhisa Sekimizu2,3,*

1 Department of Microbiology, Meiji Pharmaceutical University, Tokyo, Japan;
2 Teikyo University Institute of Medical Mycology, Tokyo, Japan;
3 Genome Pharmaceuticals Institute Co., Ltd., Tokyo, Japan;
4 Health Science Research Center, Research and Development Institute, Morinaga and Company Limited, Kanagawa, Japan.

1. Introduction

Sucrose is one of the main sweeteners added to various 
foods (1). Increased blood glucose levels due to 
excessive intake of sucrose induces the development 
of lifestyle-related diseases (2,3). Therefore, the 
development of strategies to suppress postprandial 
hyperglycemia induced by sucrose intake will contribute 
to the maintenance of human health (4).
 Blood glucose levels are regulated at various 
stages by the functions of several organs: enzymatic 
decomposition of sucrose in the intestine, absorption 
from the intestine, distribution and metabolism in various 
organs, and excretion outside the body (5). Therefore, 
experiments to accurately evaluate active substances 
that suppress sucrose-induced hyperglycemia must be 
performed using whole animals.
 We previously reported diabetic silkworm models 
for evaluating anti-diabetic agents such as human 
insulin, pioglitazone, and metformin (6-9). Moreover, we 
established a silkworm model to search for substances 

that suppress sucrose-induced hyperglycemia (10-13). 
Enterococcus faecalis YM0831, a lactic acid bacteria 
strain that was identified using an in vivo silkworm 
evaluation system, suppresses sucrose-induced 
hyperglycemia in humans (14). Therefore, the in vivo 
silkworm evaluation system is useful for identifying 
candidate anti-diabetic drugs and foods that control blood 
glucose levels in humans.
 Whey protein is a fermentation liquid obtained as a 
byproduct of yogurt or cheese production. In young adult 
females, whey protein suppresses sweetened beverage-
induced hyperglycemia (15). In addition, whey protein 
hydrolysate (WPH), obtained by enzymatic treatment 
of whey protein, exhibits anti-oxidative properties 
and inhibits angiotensin-I-converting enzyme (16,17). 
The mechanism of action of whey protein against 
postprandial hyperglycemia, however, is unclear. 
 In this study, we demonstrated that WPH suppressed 
sucrose-induced hyperglycemia in silkworms. To our 
knowledge, this is the first study demonstrating that 
WPH suppresses postprandial hyperglycemia in an 
animal model.

2. Materials and Methods

2.1. Reagents

Whey protein and WPH, prepared by enzymatic 

Summary Silkworms are useful for evaluating substances that suppress postprandial hyperglycemia 
by oral administration. In this study, orally administered whey protein hydrolysate 
(WPH), obtained by enzymatic treatment of whey protein, suppressed sucrose-induced 
hyperglycemia in silkworms in a dose-dependent manner. WPH also inhibited glucose-
induced hyperglycemia in silkworms. These findings suggest that WPH contains a bioactive 
peptide that inhibits glucose uptake from the intestinal tract and thereby suppresses 
sucrose-induced hyperglycemia.

Keywords: Hyperglycemia, silkworm, sucrose, whey protein hydrolysate
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hydrolysis of whey protein, were purchased from 
Fonterra Japan (Tokyo, Japan). The protein content 
of the whey protein was 80% and that of the WPH 
was 83%. High-performance liquid chromatography 
(HPLC) grade acetonitrile (> 99.8%) and special grade 
trifluoroacetic acid (> 98.0%) were purchased from 
FUJIFILM Wako Pure Chemical Corporation (Osaka, 
Japan).

2.2. Size exclusion chromatography

Whey protein (10.0 mg) and WPH (9.6 mg) were 
suspended in ultrapure water (2.0 mL). The mixture 
was centrifuged (20,400g, 20°C, 10 min), and 
the supernatant was subjected to size exclusion 
chromatography using a TSKgel® G2000SWXL HPLC 
column (300 × 7.8 mm i.d., particle size: 5 μm, Tosoh 
Corporation, Tokyo, Japan) with a TSKgel® SWXL 
guard column (40 × 6.0 mm i.d., particle size: 7 μm, 
Tosoh Corporation). The analysis was performed 
with an HPLC system (autosampler: AS-2057, pump: 
PU-2080, column oven: CO-2065, PDA detector: 
MD-2018, JASCO Corporation, Tokyo, Japan). The 
mobile phase was acetonitrile/water/trifluoroacetic 
acid (25/75/0.1 v/v/v). The column oven temperature 
was set to 30°C and the flow rate was 0.6 mL/min. 
Absorbance at 280 nm was monitored. The data was 
analyzed using ChromNAV (version 1.18.04, JASCO 
Corporation).

2.3. Silkworm rearing conditions and sucrose tolerance 
test

Silkworms were reared as reported previously (6,18). 
Sucrose or glucose tolerance tests using the silkworms 
were performed according to a previous report (10). 
Briefly, test samples were mixed with artificial diet 
containing 10% glucose or 10% sucrose. The diet was 
fed to the silkworms for 1 h and the glucose level in the 
silkworm hemolymph was measured using a glucometer 
(Accu-Chek, Roche, Basel, Switzerland).

2.4. Statistical analysis

All experiments were performed at least twice. The 
significance of differences was calculated using a two-
tailed Student’s t-test. A p value of less than 0.05 was 
considered significant.

3. Results

3.1. Characterization of whey protein and WPH by size 
exclusion chromatography

We compared the size exclusion chromatography 
patterns between whey protein and WPH. Each sample 
was subjected to size exclusion chromatography. The 

whey protein produced major peaks at elution times 
ranging from 11.5 to 13.5 min (Figure 1). The WPH, 
in contrast, did not have these two major peaks, and 
instead multiple peaks were observed at elution times 
ranging from 14 to 20 min (Figure 1). This finding 
suggests that the WPH comprised whey proteins 
digested into low molecular mass peptides.

3.2. Suppressive effect of WPH on sucrose-induced 
hyperglycemia in silkworms

When an artificial diet containing 10% sucrose is 
fed to silkworms for 1 h, the glucose level in the 
silkworm hemolymph increases to 300-400 mg/dL 
(10). In the present study, we investigated the effects 
of whey protein and WPH on the sucrose-induced 
hyperglycemia in silkworms. The blood glucose 
level was lower in silkworms fed the 10% sucrose 
diet supplemented with 10% WPH than in control 
silkworms (Figure 2). Supplementation with acarbose, 
an α-glycosidase inhibitor used as a positive control, 
also exhibited a suppressive effect (Figure 2). In 
contrast, when whey protein was added to the 10% 
sucrose diet, the blood glucose level of the silkworms 
did not decrease (Figure 2). We next examined the 
dose dependence of the inhibitory effect of WPH on 
sucrose-induced hyperglycemia in silkworms in a 
sucrose tolerance test. WPH in the range of 0-10% of 
the diet suppressed the sucrose-induced hyperglycemia 
in silkworms in a dose-dependent manner (Figure 3).

3.3. Suppressive effect of WPH on glucose-induced 
hyperglycemia in silkworms

To clarify the mechanism of the suppression of the 

245

Figure 1. Molecular weight distribution by size exclusion 
chromatography of whey protein and whey protein 
hydrolysate. Whey protein (10.0 mg) and whey protein 
hydrolysate (WPH, 9.6 mg) were suspended in 2 mL ultrapure 
water. The suspensions were centrifuged, and the supernatant 
was subjected to size exclusion chromatography. Absorbance 
at 280 nm was monitored.
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4. Discussion

The findings of the present study demonstrated that 
WPH inhibited sucrose-induced hyperglycemia in an 
in vivo evaluation system using silkworms, whereas 
whey protein did not have the same effect. Further, 
WPH suppressed glucose-induced hyperglycemia. 
This finding indicates that the anti-hyperglycemic 
effect of WPH cannot be explained by the inhibition 
of α-glycosidase. Sucrose in the intestine is degraded 
to glucose and fructose by α-glycosidase, and these 
monosaccharides are transferred into the blood via sugar 
transporters on the intestinal cells. WPH may inhibit the 
activity of sugar transporters responsible for the uptake 
of monosaccharides from the intestine into the blood. 
Another possibility is that WPH promotes the uptake of 
monosaccharides into the organs from the bloodstream.
 Whey protein has an inhibitory effect on sweetened 
beverage-induced hyperglycemia in young adult females 
(15). We demonstrated that whey protein did not 
suppress sucrose-induced hyperglycemia in silkworms. 
In humans, whey protein may be degraded to WPH 
by proteases in the stomach and small intestine. In 
silkworms, whey protein may not be fully degraded 
to active WPH. Otherwise WPH may have a different 
hypoglycemic effect compared to whey protein, because 
it is hydrolyzed by enzyme and may have special 
peptides.
 In conclusion, WPH has the potential to suppress 
postprandial hyperglycemia, but inhibition of 
α-glycosidase does not explain the suppressive 
activity of WPH. We suggest that the use of WPH in 
combination with α-glycosidase inhibitors might prevent 
the onset of life-related diseases such as diabetes and 
obesity.

sucrose-induced hyperglycemia by WPH, we tested 
whether WPH also suppresses glucose-induced 
hyperglycemia. When artificial diet containing 10% 
glucose is fed to silkworms for 1 h, the glucose level 
in the silkworm hemolymph increases to 500 mg/dL 
or more (10). The increase in the blood glucose level 
of the silkworms is not suppressed by acarbose, an 
α-glycosidase inhibitor (10). The blood sugar level was 
lower in silkworms fed a 10% glucose diet containing 
7.5% WPH than in the control silkworms (Figure 4). 
These findings indicate that WPH suppresses glucose-
induced hyperglycemia.

Figure 2. Effects of whey protein and whey protein 
hydrolysate on sucrose-induced hyperglycemia in 
silkworms. A 10% sucrose diet without sample (Control) 
or with 10% whey protein (Whey protein), whey protein 
hydrolysate (WPH), or 4% acarbose (Acarbose) was fed to 
silkworms for 1 h. After feeding, the blood sugar level of 
the silkworms was measured. Data represent mean ± SEM. 
Statistically significant differences between control and other 
groups were evaluated using Student's t-test. *p < 0.05. n = 7/
group.

Figure 3. Dose dependence of the suppressive effect 
of whey protein hydrolysate on sucrose- induced 
hyperglycemia in silkworms. A 10% sucrose diet without 
sample (Control) and with 2.5, 5, 7.5, 10% whey protein 
hydrolysate (WPH) or 4% acarbose (Acarbose) was fed to 
silkworms for 1 h. After feeding, the blood sugar level of 
the silkworms was measured. Data represent mean ± SEM. 
Statistically significant differences between control and other 
groups were evaluated using the Student's t-test. *p < 0.05. n 
= 4-10/group.

Figure 4. Suppressive effects of whey protein hydrolysate 
on glucose-induced hyperglycemia in silkworms. A 10% 
glucose diet without sample (Control) and with 7.5% whey 
protein hydrolysate (WPH) or 4% acarbose (Acarbose) was 
fed to silkworms for 1 h. After feeding, the blood sugar level 
of the silkworms was measured. Data represent mean ± SEM. 
Statistically significant differences between the control and 
other groups were evaluated using the Student's t-test. n = 7/
group.
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1,2,3-Triazolyl ester of ketorolac (15K), a potent PAK1 blocker, 
inhibits both growth and metastasis of orthotopic human pancreatic 
cancer xenografts in mice

Rene Hennig1, Alia Albawardi2, Saeeda Almarzooqi2, Shoja Haneefa3, Edward Imbaraj3, 
Nur Elena Zaaba3, Abderrahim Nemmar3, Sandeep Subramanya3, Hiroshi Maruta4,*, 
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2 Department of Pathology, United Arab Emirates University, Al Ain, UAE;
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1. Introduction

The oncogenic/ageing kinase PAK1 (RAC/CDC42-
activated kinase 1) is abnormally activated by the 
oncogenic RAS mutants, and essential for both growth 
and metastasis of RAS-transformed malignant cells 

(RAS cancers) such as those seen in more than 90% 
of pancreatic cancers, 50% of colon cancers and 
30% of lung cancers in humans (1). Moreover, only 
10% of human pancreatic cancers are sensitive to 
gemcitabine (GEM), and the rest is highly resistant 
to GEM treatment. Interestingly, a major reason for 
GEM-resistance is GEM-induced abnormal activation 
of PAK1 (2). Thus, potent PAK1-blockers could 
effectively overcome their GEM-resistance. Indeed, the 
combination of AG879 (inhibitor of a Tyr-kinase ETK, 
20 mg/kg) and PP1 (inhibitor of another Tyr-kinase Src, 
20 mg/kg) that block the activation of PAK1 strongly 
suppresses almost completely the growth of human 
pancreatic cancer xenografts in mice (3). However, both 
AG879 and PP1 are water-insoluble, and their low-
bioavailability renders them clinically unfeasible. Thus, 
we have been developing a series of water-soluble 
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and highly cell permeable PAK1 blockers which are 
potentially useful for clinical use. 
 Recently, we synthesized 1,2,3-triazolyl ester of an 
old pain-killer (ketorolac) via Click Chemistry which 
is both highly cell-permeable and water-soluble (4). 
Ketorolac is a synthetic COOH-bearing "racemic" 
pain-killer that inhibits directly COX-2 in S-from (5). 
However, recently R-form of ketorolac was found to 
inhibit RAC/CDC42 directly, therefore blocking the 
down-stream kinase PAK1 (6). Unfortunately, due to 
its COOH moiety that hampers the free penetration 
through the negatively charged phospholipid-bilayers 
of target cell membranes, its cell-permeability per se 
is very poor (anti-cancer IC50 around 13 μM). Thus, 
via Click Chemistry, we have esterized ketorolac with 
the water-soluble 1,2,3-triazolyl alcohol, making 15K 
which is over 500 times more cell-permeable than 
ketorolac, and inhibits the growth of RAS-transformed 
lung cancer cell line (A549) with IC50 around 24 nM. 
Furthermore, 15K was found to extend the healthy 
lifespan of C. elegans 15-30% at 50 nM (depending 
on the temperature) and boost its heat-resistance over 
9 times (7). Thus, it is strongly suggested that 15K, a 
potent anti-cancer (anti-PAK1/anti-COX-2) and anti-
aging drug, could overcome the GEM-resistance of 
human pancreatic cancers without any serious side-
effects. 
 In the present study we examined the effect of 15K 
in vitro and on both growth and metastasis of GEM-
resistant human pancreatic cancers orthotopically 
grafted in athymic mice.

2. Materials and Methods

2.1. Chemicals

1,2,3-Triazolyl ester of ketorolac (15K) was chemically 
synthesized from the racemic mixture of ketorolac via 
Click Chemistry as previously described in detail (4). 
A stock solution of 15K of 10 mg/mL in DMSO was 
made. Fresh daily dilutions were made at concentrations 
of 10, 100 and 500 µg/mL for the low, medium and 
high doses of drug for daily injection, respectively.

2.2. Cell lines and culture

Firefly luciferase stably expressing human pancreatic 
adenocarcinoma cell lines, including AsPC-1 (pLL3.7-
luc transfected; AsPC-1/CMV-Luc) and BxPC-3 
(pMSCV-luc transfected; BxPC-3-Luc#2) cells, were 
obtained from Takashi Murakami, Faculty of Medicine, 
Saitama Medical  Universi ty 38 Moro-Hongo, 
Moroyama, Saitama 350-0495, Japan. AsPC-1 cells are 
poorly differentiated and carry a homozygous KRAS 
mutation in codon12: GGT(Gly)>GAT(Asp) (8). BxPC-
3 cells have a moderate degree of differentiation (9), 
have no KRAS mutation (8), but have high expression 

of cancer stem cell markers (10). Both of these cell 
lines are relatively resistant to gemcitabine and become 
more resistant following treatment with the drug (11-
13). In previous studies IC50 of GEM against BxPC-
3 have been reported as ~100 nM and against AsPC-1 
cells ~200-500 nM (13,14). Parent AsPC-1 and BxPC-3 
cells were purchased from the American Type Culture 
Collection (Manassas VA), while S2013 cells were a 
generous gift from Dr. Takeshi Iwamura (Miyazaki 
Medical College, Japan). All Human pancreatic cancer 
cell lines were cultured in RPMI 1640 medium (Gibco) 
supplemented with L-glutamine and 10% fetal bovine 
serum (Sigma) as described previously (14).

2.3. Monitoring the cell viability of pancreatic cancer 
cell lines in vitro under 15K treatment

The cells were regularly seeded into 75-cm2 flasks 
with media changes every second or third day. For 
experiments, cells were grown to 70% confluence, 
digested with trypsin-EDTA, and plated in 24-well 
plates and incubated at 37°C for 24 h with 10% fetal 
calf serum, allowing cells to adhere to the substratum. 
After cultured in a serum-free medium for another 24 h, 
they were treated with 15K at different concentrations 
for 72 h. RAS-transformed cells such as the majority 
of pancreatic cancer cells need no serum growth 
factor for their growth per se, as they produce/secrete 
the essential autocrine growth factors that activate 
PAK1. At the end of each time period, the cells were 
trypsinized to produce a single cell suspension, and the 
viable cell number, determined by trypan blue exclusion, 
in each well was counted using an improved Neubauer 
chamber.

2.4. Orthotropic xenografts of human pancreatic 
cancers in mice

For cancer xenografts, 12-16 week-old athymic NMRI 
nude mice (nu/nu, Charles River, Suizfeld, Germany) 
were bred in the UAEU animal facility. Forty 40 
female mice were used for the experiment with AsPC-
1 cell transplants and 40 male animals for the BxPC-3 
transplants. 
 The mice were housed in micro-isolator cages in 
a filtered-air laminar flow cabinet (EuroBioConcept, 
Paris, France), handled under aseptic conditions and 
fed with autoclaved laboratory rodent food pellets. 
The animal protocol was approved by the Institutional 
Animal Care and Use Committee and all procedures 
were conducted to conform with Insti tutional 
Guidelines that are in compliance with College of 
Medicine & Health Sciences, National and International 
Laws and Policies (EEC Council Directive 86/609, 
OJ L 358, 1, 12th December 1987; and NIH Guide for 
Care and Use of Laboratory Animals, NIH Publication 
No. 85-23, 1985). Animal weight was recorded weekly. 
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luciferase-labeled cancer xenografts in mice (control vs 
15K-treated), see Figure 1. 

2.7. Autopsy and histological analysis

Animals were anesthetized with ketamine/xylazine as 
described above for surgery. Blood was taken from the 
vena cava for hematological analysis and peritoneal 
organs and heart and lungs removed for histological 
analysis. 
 Tissues from autopsy were fixed in 10% formalin, 
dehydrated in increasing concentrations of ethanol, 
cleared with xylene and embedded in paraffin (Thermo 
Shandon Ltd, Cheshire, UK). 3-5 μm sections were 
prepared from the paraffin blocks using Shandon 
Finesse 325 microtome (Thermo Scientific Ltd., 
Cheshire, UK) and stained with hematoxylin and eosin 
(Thermo Shandon Ltd., Cheshire,UK), dehydrated 
in ascending concentrations of ethanol, cleared 
in xylene and mounted in DPX (Sigma Aldrich 
Steinheim,Germany). Histologic evaluation was 
performed under light microscopy.

 Transplants were performed as previously described 
in detail (15). For surgery, mice were anesthesized 
intraperitoneally with 0.05 mL of a mixture of 0.4 mL 
of ketamine (Fort Dodge Animal Health, Fort Dodge, 
IO), 0.1 mL of xylazine (Phoenix Scientific, Inc., St. 
Joseph, MO), and 0.5 mL of NaCl. The abdomen was 
sterilized with alcohol pads and a 0.5-cm midline 
incision was performed. The abdominal wall was 
wrapped with wet gauze. After pulling the stomach on 
the surface, the pancreas was then carefully exposed 
and tumor cells (5 × 105 in 10 µL of DMEM) were 
injected into the duodenal lobe using a Monoject 200 
27-gauge x 1/2 in. polypropylene hub hypodermic 
needle (Kendall, Mansfield, MA) and a 50-µL sterile 
glass syringe (Hamilton Company, Reno, NV). Female 
mice received transplants of AsPC-1 cells and male 
mice received BxPC-3 transplants. The needle was kept 
in place for 30 seconds and then carefully withdrawn 
and the injection sealed with a dry cotton tip to prevent 
leakage from the injection site. After the stomach 
and pancreas were returned to the peritoneal cavity, 
the incision was closed in two layers with vicryl-
coated Rapide sutures 4-0 (Ethicon, Inc., Somerville, 
NJ). The animals were kept under a heating lamp and 
once they were ambulatory, they were returned to the 
laminar flow cabinet. The mice were kept in a sterile 
environment throughout the procedure.

2.5. 15K therapy in vivo

One day after surgery, the male and female mice were 
each randomized into four groups of ten mice: Four 
days after transplant treatment began. Group I (Control) 
received daily i.p. injection of 0.9% NaCl solution at 10 
µL/gram body weight. Groups 2, 3 and 4 received 15K 
at doses of 100 µg, 1 mg, and 5 mg/kg/day, respectively 
(10 µL/gram of each of the fresh dilutions mentioned 
above).

2.6. Measurement of tumor burden (growth) in mice 
using the IVIS Spectrum animal imaging system 

Mice were anesthetized using inhaled isoflurane, 
then injected intraperitoneally with 3 mg of luciferin 
in 100 µL PBS. After 10 minutes, to reach a pre-
established luciferase signal plateau, three mice were 
placed on their backs on the stage of the Lumina II 
imaging system (Perkin-Elmer), where anesthesia 
was maintained by the onboard isofluorane system. 
Radiance of the image is expressed as photons/second. 
White light and bioluminescence images were captured 
using the Living Image software with auto exposure, 
binning factor 8, field of view 12.5 cm, subject height 
1.5 cm, F-stop 1 (16). After imaging the mice were 
removed from the inhaled anesthetic and allowed to 
recover. Animals were imaged once per week for four 
weeks prior to euthanasia. For detail of imaging the 

Figure 1. Imaging the luciferase-labeled cancer xenografts 
in mice (control vs 15K-treated). Top: an AsPC-1-bearing 
mouse (control); at 2, 3 and 4 weeks, from left to right. 
Bottom: an AsPC-1-bearing mouse treated with 15K (5 mg/
kg); at 2, 3, and 4 weeks, from left to right. 15K clearly 
suppresses both growth and metastasis of the GEM-resistant 
pancreatic cancer during 3-4 weeks after the graft.

15K-treated mouse

Control mouse
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2.8. Statistical analysis

The effects of 15K on growth of AsPC-1 and BxPC-3 
tumors in athymic mice, measured as total flux (radians/
sec) was analysed by two-way analysis of variance with 
drug dose and time as the variables and with Bonferroni 
post-hoc tests for the different time points. Statistical 
analysis of the occurrence of metastases was carried out 
using Fisher's exact test. Data analysis was performed 
using SPSS software (IBM).

3. Results

3.1. Effects of 15K on the growth of cultured human 
pancreatic cancer cells 

Addition of 15K to the culture media caused a 
concentration-dependent decrease in viable cell number 
in all three GEM-resistant cancer cell lines (see Figure 

2). The potency of 15K was greater in AsPC-1 and 
S2013 cells compared with that in BxPC-3 cells as 
judged by the IC50 for 15K in these cell lines (AsPC-1: 
41 nM; BxPC-3: 88 nM; and S2013: 52 nM).

3.2.  Anti-pancreatic cancer activity of 15K in 
orthotopically transplanted pancreatic cancers in 
athymic mice 

Administration of 15K caused statistically significant, 
dose-responsive inhibition of total tumor burden 
(growth) in animals with either AsPC-1 (ANOVA: p < 
0.0001, Dose F = 8.78, Df = 3; Time F = 28.4, Df = 3; 
Interaction F = 4.28, Df = 9) or BxPC-3 (ANOVA: p < 
0.0001, Dose F = 11.73, Df = 3; Time F = 19.30, Df = 3; 
Interaction F = 6.35, Df = 9) orthotopic transplants (see 
Figure 3). 
 During 4 weeks, 15K had reduced total burden of 
AsPC-1 tumors by 53%, 69% and 85% with daily doses 

Figure 3. Effect of 15K on total tumor burden of GEM-resistant human pancreatic cancer xenograft in mice. Left: Female 
mice with AsPC-1 xenografts; Right: male mice with BxPC-3 xenografts. Total tumor burden was measured by bioluminescence 
(photons/sec) at weekly intervals after transplant.

Figure 2. Effect of 15K on the growth/viability of human pancreatic cancer cell lines. Left: AsPC-1; Middle: BxPC-3; and 
Right: S2013. Each cell line was treated with 15K in serum free conditions at given concentrations for 72 h, and its viability was 
monitored by counting viable cell number. Results are expressed as percentage of control untreated cells.
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of 0.1, 1 and 5 mg/kg, i.p., respectively (see Figure 1 and 
Figure 3, left, all p < 0.001). Similarly, with the same 
corresponding doses, 15K had reduced total burden of 
BxPC-3 tumors by 74%, 86% and 93%, respectively (see 
Figure 3, right, all p < 0.001). Thus, in both cases, the 
in vivo IC50 of 15K against the growth of these human 
pancreatic cancers was below 0.1 mg/kg/day.

3.3.  Effect of 15K on both tumor invasion and 
metastasis

The results of histological analysis showing the 
presence of tumor cells in the pancreas and other 
tissues of AspC-1 and BxPC-3 transplanted animals are 
shown in Tables 1 and 2, respectively. Tumor burden 
observed grossly and microscopic was larger in the 
AsPC-1 cancer xenografts mice in comparison to those 
seen in the BxPC-3 cancer xenografts mice. In the 
majority of the control animals, with both cell lines, the 
pancreatic tumor had invaded into the serosal surface 
of the stomach and/or the small intestine, as well as 
the abdominal wall adjacent to the laparotomy scar. 
The latter invasion was presumably triggered by the 
growth factor responses from the healing tissue. There 
is a possibility that seeding occurred during the surgical 

procedure in some animals, but no leakage was apparent 
from the injection site. Indeed, a macroscopically 
well-defined bubble was evident in the duodenal lobe 
of the pancreas of all transplanted animals. Imaging 
immediately after transplantation would have revealed 
any leakage, this was intended by unfortunately could 
not be carried out because the IVIS imaging system was 
not working at that time.  
 AsPC-1 Cancer Xenografts: All female mice with 
AsPC-1 cancer xenografts in the control group had 
tumor in the pancreas and peritoneum. The majority 
had tumor present in organs adjacent to the pancreas. 
The serosal surface +/– variable thickness of wall was 
involved in stomach (9/10), duodenum/small intestine 
(8/10) and esophagus (6/10). Tumor was present in 
7/10 control mice in the peri-renal adipose tissue in the 
form of tumor nodules without invasion of the renal 
or adrenal parenchyma except for one case that had 
parenchymal invasion. Metastasis was present in the 
liver (9/10), pelvic lymph nodes (5/10), peri-tumoral 
lymph nodes (4/10), spleen (3/10), and lung (2/10) as 
well, but no tumor was detected in the uterus or ovaries 
in the control or treated mice. Lymph-vascular invasion 
and/or lymph node metastasis was present in 9/10 (90%) 
of AsPC-1 control cases. The frequency decreased from 

Table 1. Number of female mice with AsPC-1 cancer xenografts showing tissue tumor invasion or metastases. Table shows 
numbers of animals and % in parentheses

Groups

Number of Mice
Pancreas
Abdominal Wall
Esophagus
Stomach
Small Intestine
Colon
Liver
Spleen
Kidney
Lung
Lymph Nodes or LVI
Peritoneum

15K, 0.1 mg/kg/day

10
10 (100%)
8 (80%)
3 (30%)
3 (30%)
8 (80%)
1 (10%)
6 (60%)
2 (20%)
1 (10%)
4 (40%)
7 (70%)
8 (80%)

Control, 0 mg/kg/day

10
  10 (100%)
  8 (80%)
  6 (60%)
  9 (90%)
  8 (80%)
0 (0%)

  9 (90%)
  3 (30%)
  7 (70%)
  2 (20%)
  9 (90%)

  10 (100%)

15K, 5 mg/kg/day

10
  5 (50%)
  4 (40%)
0 (0%)

  3 (30%)
  4 (40%)
0 (0%)

  1 (10%)
0 (0%)

  1 (10%)
0 (0%)

  3 (30%)
  4 (40%)

15K, 1 mg/kg/day

8
  6 (75%)
  4 (50%)

     1 (12.5%)
  4 (50%)

     5 (62.5%)
     1 (12.5%)

0 (0%)
     1 (12.5%)
    1 (12.5%)
    1 (12.5%)
    7 (87.5%)

 6 (75%)

Significance

NS
NS

P < 0.05
NS
NS
NS

P < 0.01
NS
NS
NS
NS
NS

Table 2. Number of male mice with BxPC-3 cancer xenografts showing tissue tumor invasion or metastases. Table shows 
numbers of animals and % in parentheses

Groups

Number of Mice
Pancreas
Abdominal Wall
Esophagus
Stomach
Small Intestine
Liver
Spleen
Kidney
Heart
Lymph Nodes or LVI
Peritoneal Invasion

15K, 0.1 mg/kg/day

10
9 (90%)
4 (40%)
2 (20%)
6 (60%)
3 (30%)
1 (10%)

            0 (0%)
3 (30%)
1 (10%)
4 (40%)
2 (20%)

Control, 0 mg/kg/day

              8
              8 (100%)
              8 (100%)
              4 (50%)
              8 (100%)
              3 (37.5%)
              5 (62.5%)
              2 (25%)
              2 (25%)
              0 (0%)
              5 (62.5%)
              4 (50%)

15K, 5 mg/kg/day

8
  2 (25%)
  2 (25%)
0 (0%)

  2 (25%)
  2 (25%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

     1 (12.5%)
0 (0%)

15K, 1 mg/kg/day

9
4 (44.4%)
4 (44.4%)
2 (22.2%)
4 (44.4%)
1 (11.1%)
1 (11.1%)

         0 (0%)
2 (22.2%)

         0 (0%)
1 (11.1%)
3 (33.3%)

Significance

NS
NS
NS
NS
NS

P < 0.05
NS
NS
NS
NS
NS
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70% to 30% with increasing dose of 15K. The tumor 
was detected in the pancreas, peritoneum, stomach 
and adjacent small intestine and esophagus with a 
decreased frequency as the dose of 15K increased in 
both the AsPC-1 (Table 1), however this reduction 
only reached statistical significance in the liver and 
esophagus. Two animals with AsPC-1 tumors had lung 
micro-metastases. In two animals of the AsPC-1, 5 mg/
kg group, no tumor was detected in any organ including 
the pancreas and the adjacent peritoneal/adipose tissue 
or stomach/duodenum or the surgical scar. However, in 
one case, tumor mass was detected around the sternum. 
In the other mouse, no tumor was detected in any organ. 
The histological observations were confirmed by the 
imaging which showed lack of tumor burden in these 
cases. This could reflect the effect of high dose 15K 
in these animals. In three cases from this 15K-treated 
group where tumor was no longer seen in the pancreas, 
it was detected in adjacent tissue including stomach, 
duodenum or peritoneum. 
 BxPC-3 Cancer Xenografts: All male mice with 
BxPC-3 cancer xenografts in the control group 
had tumor in the pancreas stomach and abdominal 
wall. Tumor was present in small intestine (37.5%), 
esophagus (50%), liver (62.5%), spleen (25%), and 
surface of kidney (25%). Peritoneal tumor nodules were 
present in 50% of the control group. Tumor detected in 
the pancreas decreased in frequency from 90% in the 0.1 
mg/kg to 44% and 25% in the 1 and 5 mg/kg groups, 
respectively. Similarly, there was a reduction in tumors 
detected in the abdominal wall and stomach from 40% 
and 60% in the 0.1 mg group to 25% and 25% in the 5 
mg/kg group, respectively. 
 Tumor was detected in the spleen of 20% of 
untreated animals but was not detected in the spleen in 
any of the treated animals. Tumor was present in the 
liver in 50% of untreated animals and this decreased 
frequency of 10%, 10% and 0% as the dose of 15K 
increased. 
 Lymph-vascular invasion and/or lymph node 
metastasis was detected in 5/8 (62.5%) of BxPC-3 
control cases. The frequency decreased from 40% to 
12.5% with increasing dose of 15K. No tumor metastasis 
was found in either testis, colon or heart of the control 
group. Tumor detected in the pancreas, peritoneum, 
liver, stomach and adjacent small intestine, esophagus, 
kidney with a decreased frequency as the dose of 15K 
increased in both the BxPC-3 mice (Table 2), however 
this reduction only reached statistical significance in the 
liver. 
 Tumor presence in liver and kidney with both cell 
lines was mostly found on the surface of these tissues, 
suggestive of peritoneal seeding rather than vascular 
invasion. Indeed, nine of the AsPC-1 group and four of 
the BxPC-3 group had peritoneal metastases, supporting 
tumor seeding through this route. Numbers of animals 
with local invasion and metastatic spread were lower 

in the treated groups in a dose-dependent pattern and 
generally tumor volumes were clearly lower in treated 
animals as reflected in the total tumor burden. One 
animal in the high dose AsPC-1 group and four animals 
in the high dose BxPC-3 group were tumor-free at 
autopsy. 

3.4. No effect of 15K on body weight, and hematological 
parameters

The tested doses of 15K on mice, up to 5 mg/kg/
day, were well-tolerated as evidenced by the lack of 
any side effect on either body weight throughout the 
experiment or hematological parameters measured 
at the time of euthanasia. Body weights measured at 
weekly intervals (see Figure S1, http://www.ddtjournal.
com/action/getSupplementalData.php?ID=47). There 
were no significant changes in haemoglobin, red cell 
counts, white cell counts or platelet counts between the 
two groups (see Figure S2, http://www.ddtjournal.com/
action/getSupplementalData.php?ID=47). Hematocrit, 
mean corpuscular  volume,  mean corpuscular 
hemoglobin, and mean corpuscular haemoglobin 
concentration were also no different between the groups 
(data not shown).

4. Discussion

First of all, orthotopical graft of luciferase-expressing 
cancer cell lines on pancreas was quite helpful for non-
invasive (luminescence-based) weekly quantification 
of the cancer mass growth or burden. The main reason 
why we have chosen the orthotopical graft (instead of 
technically far easier subcutaneous graft) of these cancers 
is that the latter approach prevents pancreatic cancers 
from significant metastases. Injection of cancer cells 
into tail vein was not our choice for metastasis model, 
simply because it is very far from human conditions. 
Nevertheless, we managed to confirm the extremely 
potent anti-mitotic and anti-metastatic property of 15K 
in vivo (against xenograft of human GEM-resistant 
pancreatic cancers in mice). 
 In the past, several distinct anti-cancer drugs 
including a few PAK1 inhibitors have been shown to 
overcome the GEM-resistance of human pancreatic 
cancers in vivo. For example, frondoside A (FRA) 
from a sea cucumber, that directly inhibits PAK1 with 
IC50 around 1 µM (17), inhibits the growth of GEM-
resistant human pancreatic cancer cells (AsPC-1, S2013, 
MiaPaCa2) in culture with the same IC50. Furthermore, 
frondoside A inhibits the growth of pancreatic cancer 
xenografts of AsPC-1 and S2013 cells in mice with an 
IC50 below 100 µg/kg/day (18). Another natural PAK1-
blocker called triptolide or its prodrug (phosphorylated 
derivative) called minnelide inhibited the growth of 
GEM-resistant human pancreatic cancer xenografts in 
mice with the IC50 around 0.3 mg/kg/day (19).
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 Among the synthetic PAK1-blockers, YM155 has 
been the most potent, suppressing survivin expression 
by blocking PAK1 signalling, but inhibits the growth 
of GEM-resistant human pancreatic cancer in vivo with 
IC50 around 10 mg/kg/day (20). Thus, to the best of our 
knowledge, so far 15K appears to be among the most 
potent PAK1-blockers that suppress both growth and 
metastasis of GEM-resistant human pancreatic cancers in 
vivo without apparent side effects. Interestingly, among 
these potent PAK1-blockers, 15K is able to extend 
the healthy lifespan of C. elegans at 50 nM (7), while 
triptolide needs over 1000 times higher concentrations 
(around 140 μM) to show a similar lifespan extending 
effect (21). Moreover, 15K has a great advantage in the 
mass production for clinical use over natural PAK1-
blockers, because its starting material (ketorolac) is a 
generic synthetic pain-killer developed and sold more 
than three decades ago (4,5). Thus, we look forward 
to commencing its clinical trials for GEM-resistant 
pancreatic cancers shortly.
 Finally, it is worth noting that the "brand-new" 
role of BETs (bromodomain and exterminal domain 
proteins) was recently identified. BETs are responsible 
for expression of both the receptor PD-1 in T-cells and 
its ligand PD-L1 in cancer cells via ꞵ-catenin-MYC 
pathway (22), which eventually destroys our "immune-
surveillance" of cancers. Furthermore, a few years ago, 
a series of 1,2,3-triazol compounds have been found to 
inhibit BETs (23). Since 15K is also among 1,2,3-triazol 
compounds, it is most likely that 15K suppresses both 
PD-1 and PD-L1 by blocking not only PAK1 but also 
BETs, both of which are essential for the activation of 
the oncogenic ꞵ-catenin-MYC pathway. Thus, 15K could 
be a more effective (safer and less expensive as well) 
therapeutic than the current monoclonal-based immune 
(check-point) therapeutics which have never worked for 
the treatment of brain tumors and pancreatic cancers (24). 
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1. Introduction

Immediate DNA extraction from fresh feces or 

immediate freezing at −80°C is the gold standard 
procedure in microbiome studies, but this can be 
challenging (1-4). To date, several preservatives 
have been reported (5-8), but most preservatives do 
not distinguish between DNA obtained from live or 
dead cells, and the bacteria are unculturable. Cary-
Blair medium consisting predominantly of buffered 
salts with no nutrients (9), which suppresses bacterial 
overgrowth, potentially allows for long-term survival of 
enteric pathogens (9) and can be used for the isolation of 

Summary How long fecal samples can withstand a period of refrigeration or room temperature, and 
the appropriate preservative, are largely unknown. Cary-Blair transport medium has been 
used for many years because it is inexpensive and prevents bacterial overgrowth. However, 
its effectiveness for metagenomic analyses has never been tested. We found that the microbial 
compositions using a 16S rRNA sequence of samples left at 4°C for 3 or 7 days or at 25°C for 
1, 3, or 7 days differed significantly from samples stored at −80°C in no-preservative method. 
Whereas samples stored in Cary-Blair medium remained unchanged for longer periods. The 
relative abundances of phylum Bacteroidetes and Actinobacteria, changed significantly at 
25°C, whereas Cary-Blair medium inhibited the reduction in Bacteroidetes and the increase 
in Actinobacteria. The bacterial survival counts were significantly lower in the RNAlater 
samples than in the Cary-Blair samples under aerobic and anaerobic culture conditions. 
In conclusion, storage time and storage temperature significantly affect the gut microbial 
composition in fecal samples. Given the low cost, inhibitory effect on bacterial changes, 
and potential utility in bacterial isolation, Cary-Blair medium containers are suitable for 
large-scale or hospital-based microbiome studies, especially if direct freezing at −80°C is 
unavailable.
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organisms. However, the effectiveness of this medium 
for 16S rRNA sequencing analyses of human fecal 
samples has never been tested. Therefore, we examined 
the stability of the gut microbiota in Cary-Blair medium.

2. Materials and Methods

2.1. Human fecal sample collection and storage methods

Various storage methods were tested using 231 fecal 
samples from 11 healthy adults: (i) immediate DNA 
extraction from fresh samples (fresh); (ii) immediate 
freezing at −80°C; and (iii) preservation under different 
conditions: 4°C or 25°C for 1, 3, or 7 days (Figure 1). 
Microbial composition was compared between the no 
preservative method and Cary-Blair medium-containing 
method (Toyobo Co., Ltd., Tokyo, Japan) (9). Written 
consent was obtained from all the participants. The study 
was approved by the Ethics Committee of the National 
Center for Global Health and Medicine (No. 2014).

2.2. Bacterial DNA extraction and sequencing 16S 
ribosomal RNA gene amplicons

To extract the fecal bacterial DNA, we used an 
enzymatic lysis method with lysozyme (Sigma-Aldrich 
Co., St. Louis, MO, USA) and achromopeptidase (Wako 
Pure Chemical Industries, Ltd., Osaka, Japan) (10). The 
16S amplicon PCR forward primer (5′-TCGTCGGCA
GCGTCAGATGTGTATAAGAGACAGCCTACGG
GNGGCWGCAG-3′) and 16S amplicon PCR reverse 
primer (5′-GTCTCGTGGGCTCGGAGATGTGTATA
AGAGACAGGACTACHVGGGTATCTAATCC-3′), 
with adaptor sequences for Illumina indexing, were used 
to amplify the bacterial 16S rRNA gene V3-V4 regions. 
PCRs were run for 25 cycles, using the KAPA HiFi 
HotStart ReadyMix PCR Kit (Nippon Genetics Co., Ltd., 
Tokyo, Japan). The PCR amplicons were purified with 
AMPure® XP magnetic purification beads (Beckman 
Coulter, Inc., Brea, CA, USA) and quantified with 
4200 TapeStation (Agilent Technologies Japan, Ltd). 
Equal amounts of amplicons from all the samples were 
sequenced with the MiSeq System (Illumina, Inc., Tokyo 
Japan), according to the manufacturer's instructions (10).

2.3. Bioinformatic and statistical analyses

After the quality of the filter-passed reads with average 
quality values of > 25 was checked for chimeras, the 
taxonomy of the high-quality reads was assigned with 
three publically databases: the Ribosomal Database 
Project (RDP) v. 10.27, CORE (http://microbiome.
osu.edu/), and a reference genome sequence database 
obtained from the National Center for Biotechnology 
Information FTP site (ftp://ftp.ncbi.nih.gov/genbank/, 
December 2011). We then selected those reads with 
BLAST matches of > 90% with a representative 

sequence in one of the three databases. A total of 
1,992,156 high-quality reads were obtained after quality 
filtering. We randomly selected 3,000 reads per sample 
and analyzed them to minimize the overestimation of 
the species richness in the clustering due to intrinsic 
sequencing error (4,10). Good's coverage index (11) 
of the 3,000 reads per sample in this study was 0.96, 
indicating high coverage, and the number of reads is 
sufficient for microbiome analysis. After both primer 
sequences were removed, the reads were sorted and 
grouped into operational taxonomic units (OTUs) 
with a sequence identity threshold of 97%. The 
taxonomic assignment of each OTU was made with the 
GLSEARCH program. Taxonomic groups with relative 
abundances of ≥ 0.1% in any subject were included in 
the subsequent analyses. All reads were deposited in 
the DDBJ/GenBank/EMBL database under accession 
number DRA 006625. Pairwise Pearson's correlation 
coefficients were used to analyze the microbial 
compositions under different storage conditions. 
For the UniFrac distance analyses, phylogenic-tree-
based metrics were used to measure the differences 
in the overall bacterial compositions under different 
storage conditions (12). We defined the "reference" as 
the distance or coefficient between the fresh sample 
and those stored at −80°C. Values of p < 0.05 were 
considered statistically significant. All statistical 
analyses were performed with the R software package 
(v3.2.2).

3. Results

At 4°C, weighted UniFrac distance of samples stored 
without preservative at 3 and 7 days was significantly 
larger than the reference (Figure 2A); at 25°C, the 
distance was significantly greater for samples at 1, 3, and 
7 days (Figure 2B). In contrast, the distance for samples 
stored in Cary-Blair medium remained unchanged for up 
to 7 days at 4°C (Figure 2A) and for 24 h at 25°C (Figure 
2B). Similar results were obtained at the genus level 
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Figure 1. Sample collection and storage method.
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that survival counts were significantly higher in Cary-
Blair samples than in the RNAlater samples, and were 
not significantly different from the samples without 
preservative under aerobic and anaerobic culture 
conditions (Figure 6).

4. Discussion

This is the first study to show that the effect of Cary-
Blair medium on the stability of the gut microbiomes 
to be used for 16S rRNA analyses. Cary-Blair 
medium is a nonnutritive transport medium for Gram-
negative and anaerobic organisms in stool samples 
(9), and importantly, prevents the overgrowth of 

(Figure 3) and species level (Figure 4). 
 Relative abundance at the phylum level was 
significantly reduced for Firmicutes but significantly 
increased for Actinobacteria without preservative at 4°C 
at 3 and 7 days compared with the reference (Figure 
5A); at 25°C, relative abundance continued to decrease 
for Firmicutes and Bacteroidetes from 1 day and was 
significantly increased for Actinobacteria at 3 and 7 days 
and for Proteobacteria at 1, 3, and 7 days (Figure 5B). In 
contrast, Cary-Blair medium inhibited the reduction in 
Bacteroidetes at 25°C and the increase in Actinobacteria 
at 3 days at 4°C and 25°C (Figure 5).
 Lastly, we analyzed 9 fecal samples from 3 healthy 
subjects to investigate bacterial survival. We found 

Figure 3. Box-and-whisker plot of the coefficient value at 
the genus level for samples stored at 4°C (A) and 25°C (B) 
without preservative (white box) or in Cary-Blair (CB) 
medium (blue box). †p < 0.05 for differences between fresh 
samples and stored samples relative to the reference distance. 
*p < 0.05 for differences between (i) between-subject distances 
and (ii) within-subject distances between fresh samples and 
stored samples. Boxes represent the interquartile range (IQR) 
and the lines inside show the median. Whiskers indicate the 
lowest and highest values within 1.5 times the IQR.

Figure 2. Box-and-whisker plot of UniFrac distances at 4°C (A) and 25°C (B) stored without preservative (white box) 
or in Cary-Blair (CB) medium (blue box). †p < 0.05 for differences between fresh samples and stored samples relative to the 
reference distance. *p < 0.05 for differences between (i) between-subject distances and (ii) within-subject distances between fresh 
samples and stored samples. Boxes represent the interquartile range (IQR) and lines inside show the median. Whiskers indicate 
the lowest and highest values within 1.5 times the IQR.

Figure 4. Box-and-whisker plot of the coefficient value at 
the species level for samples stored at 4°C (A) and 25°C 
(B) without preservative (white box) or in Cary-Blair (CB) 
medium (blue box). †p < 0.05 for differences between fresh 
samples and stored samples relative to the reference distance. 
*p < 0.05 for differences between (i) between-subject distances 
and (ii) within-subject distances between fresh samples and 
stored samples.
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Enterobacteriaceae and allows the long-term survival 
of enteric pathogens (13,14). In this study, Cary-Blair 
medium inhibited the reduction of Bacteroidetes in 
samples left for up to 7 days at 25°C, and the increase in 
Actinobacteria in samples left for 3 or 7 days at 25°C, 
whereas the no-medium method did not. Consistent 
with these findings, Gorzelak et al. have shown that the 
detection of Bacteroidetes in no-medium fecal samples 
decreased after 30 min at room temperature. Therefore, 
one explanation of the stability of the gut microbiome 
in Cary-Blair medium is that it allows some bacteria to 
withstand longer periods at room temperature.

 Another advantage of Cary-Blair medium use is that 
it can potentially be used for the isolation of organisms 
associated with specific diseases (15), whereas most 
preservatives do not distinguish between the DNA 
obtained from live or dead cells (5-8). To confirm this 
hypothesis, we examined the bacterial survival counts 
in no preservative, Cary-Blair medium, or RNAlater in 
the fresh and −80°C samples. We found that the survival 
counts were significantly lower in the RNAlater samples 
than in the Cary-Blair samples. In addition to this 
advantage, Cary-Blair medium is the least expensive of 
the preservatives used in microbiome studies, at less than 
US$0.50 dollar per container.
 Our results are consistent with those of previous 
studies, which showed no significant change in the 
microbial composition of frozen fecal samples and 
samples stored at 4°C for up to 24 h (3,16-18). Few data 
are available regarding the effects on the gut microbiota 
when samples are stored at 4°C for more than 3 days. 
As in the present study, Choo et al. reported that stool 
storage at 4°C for 3 days significantly affected the 
composition of the gut microbiome compared with 
storage at −80°C (5). These results suggest that the 
composition of the microbiome is associated with the 
length of storage, even when refrigerated, and that 
samples should be stored at 4°C for only 3 days after 
defecation.
 In contrast, the microbial compositions of samples 
left for 1, 3, or 7 days at 25°C changed substantially 

Figure 5. Time courses of relative abundance of four phyla at 4°C (A) or 25°C (B) stored without preservative (white box) 
or in Cary-Blair (CB) medium (blue box). *p < 0.05 for differences between the −80°C sample (reference) and samples stored 
by other methods. Boxes represent the interquartile range (IQR) and lines inside show the median. Whiskers indicate the lowest 
and highest values within 1.5 times the IQR.

Figure 6. Bacterial survival count of fecal samples stored in 
Cary-Blair medium, without preservative, and in RNAlater 
solution under aerobic (A) and anaerobic (B) culture 
conditions. Survival counts were calculated as the number 
of colony-forming units (CFUs) and compared between fresh 
samples and samples stored at −80°C for 7 days. Bar chart 
illustrating the mean numbers of CFUs.
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compared with the reference. Consistent with this, Shaw 
et al. showed that storage for 12 h at room temperature 
significantly increased the weighted UniFrac distances 
relative to −80°C storage (19). Two other studies have 
also demonstrated a significant change in microbial 
composition within 3 h at room temperature (20,21). 
These findings imply that fecal samples should not be 
left at room temperature after defecation.
 In conclusion, fecal samples without preservative 
should be transferred to the laboratory within 24 h of 
defecation when stored at room temperature or within 
3 days when stored refrigerated. Given the inhibitory 
effect on bacterial changes, potential utility in bacterial 
isolation, and low cost, Cary-Blair medium containers 
are useful for microbiome studies, especially when direct 
freezing at −80°C is unavailable.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic 
disorder caused by a defect in insulin action called 
insulin resistance (1). Insulin resistance in obesity 
is associated with chronic low-grade inflammation 
resulting from an increase of macrophages infiltration 
into adipose tissues (2). An interaction between 
excessive adipocytes and the higher amount of 

macrophages promotes the macrophage activation 
into inflammatory macrophages (M2) followed by 
the secretion of pro-inflammatory cytokines such as 
interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), 
and monocyte chemoattractant protein-1 (MCP-1) 
(3). Pro-inflammatory cytokines secreted from both 
adipocytes and activated macrophages may alter insulin 
sensitivity in adipocytes through the degradation and 
deactivation of insulin receptor substrate-1 (IRS-1), one 
of essential protein in the insulin receptor substrate-1/
phosphoinositide 3-kinases/Akt (IRS-1/PI3K/Akt) 
insulin signaling pathway (3,4). The degradation of 
IRS-1 may trigger the downregulation of proteins 
downstream in the IRS-1/PI3K/Akt pathway, including 
glucose transporter-4 (GLUT-4) expression leading to 

Summary Insulin resistance in obese condition is related to chronic low-grade inflammation which 
leads to insulin signaling impairment. Centella asiatica (L.) is an herb that exhibits anti-
inflammatory and blood sugar-lowering activity (hypoglycemia). The study aims to investigate 
the molecular mechanism of C. asiatica extract in insulin sensitivity improvement in a coculture 
of lipopolysaccharide (LPS)-induced 3T3-L1 adipocytes and RAW 264.7 macrophages. A 
coculture of 3T3-L1 adipocytes and RAW 264.7 macrophages were incubated with LPS to 
induce insulin resistance in the adipocytes. An extract of C. asiatica was added to coculture 
cells and after 24 hours, insulin sensitivity and inflammatory response were determined, 
including glucose consumption, glucose transporter-4 (GLUT-4), insulin receptor substrate-1 
(IRS-1), and interleukin-6 (IL-6) mRNA expression. C. asiatica extract at a concentration of 
500 µg/mL increased glucose consumption and induced GLUT-4 and IRS-1 mRNA expression 
significantly in a coculture of LPS-induced 3T3-L1 adipocytes and RAW 264.7 macrophages. 
The pro-inflammatory cytokines IL-6 mRNA expression was decreased in the coculture cells 
after treatment with C. asiatica extract at a concentration of 500 µg/mL. This result indicates 
that C. asiatica has an effect to stimulate glucose consumption in the coculture cells that might 
be mediated via GLUT-4/IRS-1 pathway as a result of IL-6 inhibition. These findings suggest 
that the C. asiatica extract inhibits inflammation and improves insulin sensitivity in a coculture 
of LPS-induced 3T3-L1 adipocytes and RAW 264.7 macrophages.
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the disruption of glucose uptake in adipocytes (5). 
 Anti-diabetic drugs efficacy in controlling blood 
glucose in diabetic patients has been established. 
However, they also have undesirable side effects such 
as weight gain, bone loss and increased cardiovascular 
risk (6). Therefore, safer and more effective alternative 
agents are needed and developing new drugs from 
herbal is a promising method.
 Centella asiatica (L.) or Pegagan in Bahasa 
Indonesia is one of the most important herbal medicine 
used empirically in Indonesia. The herb has been 
proven to possess hypoglycemic activity in in-vivo 
models. Recent studies reported that C. asiatica extract 
decreased glucose plasma levels in high fat diet (HFD)-
induced and streptozotocin-induced diabetic mice 
in dose- dependent manner (7,8). One of the active 
compounds in C. asiatica, asiatic acid has also been 
shown as an anti-inflammatory and a hypoglycemic 
agent (10,11). Recent studies reported that asiatic acid 
decrease secretion of pro-inflammatory cytokines 
in the liver tissues of diabetic mice and inhibit LPS-
induced inflammatory response in endometrial 
epithelial cells (12,13). However, there is minimal 
information about molecular mechanism of C. asiatica 
extract in improving insulin sensitivity related to 
insulin resistance caused by inflammation. In the 
present study, we investigated the effect of C. asiatica 
extract on the insulin sensitivity of adipocytes using 
a coculture of LPS-induced RAW 264.7 macrophages 
and 3T3-L1 adipocytes. This study also evaluated 
involvement of the IRS-1/GLUT-4 pathway in relation 
to insulin sensitivity effect. The expression of the pro-
inflammatory cytokine IL-6 was also investigated 
to determine C. asiatica effect on the inflammatory 
changes related to insulin sensitivity impairment. 

2. Materials and Methods

2.1. C. asiatica extract preparation

A standardized C. asiatica extracts was produced by 
Javaplant PT, Tri Rahardja Tawangmangu Surakarta 
Indonesia, in September of 2016. Extraction was 
performed using water as a solvent and following good 
manufacturing practices. C. asiatica herbs were soaked 
in water at boiling point followed by stirring with a 
magnetic stirrer for 5 h. Herbs were removed from the 
heat sources then filtered to obtain the concentrated 
extract. The freeze-drying method was used to obtain 
dried powder and then extract powder was dissolved in 
a Dimethyl Sulfoxide (DMSO) to prepare samples for 
testing.

2.2. Cell lines and culture

3T3-L1 preadipocyte cells and RAW 264.7 murine 
macrophage cells were obtained from the Food and 

Science Technology Department of National Pingtung 
Science Technology (NPUST, Pingtung, Taiwan). 
Both cell lines were maintained in Dulbecco's modified 
Eagle's medium (DMEM, Gibco, New York, USA) 
containing 1% penicillin/streptomycin (PS, 100 units of 
penicillin/mL and 100 pg streptomycin/mL, Gibco, New 
York, USA) and supplemented with 10% New-born 
Calf Serum (NBCS, Gibco, New York, USA) to culture 
the 3T3-L1 cells and 10% Fetal Bovine Serum (FBS, 
Gibco, New York, USA) to culture RAW 264.7 cells. 
The cells were incubated at 37°C in a humidified 5% 
CO2 atmosphere and the medium was replaced every 2 
days.

2.3. Viability assay

RAW 264.7 macrophages were seeded at 2.4 × 104 
cells/well and 3T3-L1 pre-adipocytes were seeded at 
1.5 × 104 cells/well. Cells were cultured in a various 
concentrations (62.5-1,000 µg/mL) of the C. asiatica 
extract and then, the cells were incubated at 37°C in 
a humidified 5% CO2 atmosphere for 24 h. Viability 
assay of the 3T3-L1 pre-adipocyte cells and RAW 264.7 
macrophage cells were performed using a previously 
described 3-[4,5- dimethylthiazol-2-yl]-2,5 diphenyl 
tetrazolium bromide (MTT) assay protocol (14). Safe 
concentrations of the extract were determined and used 
in further experiment. 

2.4. Coating the plates

Gelatin 1.3% (Sigma Aldrich, Saint Louis, USA) 
was dissolved in phosphate buffered saline (PBS). 
Transferred 2 mL of gelatin working solution into each 
well and then, plates were incubated at 37°C for 1 h. 
The plates were dried for 30 min and sterilized by an 
Ultraviolet (UV) lamp for 15 min.

2.5. Differentiation and coculture of 3T3-L1 adipocyte 
cells and RAW 264.7 macrophage cells

3T3-L1 pre-adipocytes were differentiated into 
mature adipocytes in gelatin-coated 6 well plate 
using a previously described protocol (15). RAW 
264.7 macrophages were plated onto differentiated 
3T3-L1 in serum-starved DMEM and incubated at 
37°C in a humidified 5% CO2 atmosphere for 3 h. 
Lipopolysaccharide (Sigma Aldrich, Saint Louis, USA) 
at a concentration of 0.125 µg/mL was added to the 
cells in the FBS-supplemented DMEM medium and 
the cells were incubated at 37°C in a humidified 5% 
CO2 atmosphere for 48 h. As a control, equal numbers 
of RAW 264.7 macrophages and differentiated 3T3-L1 
cells were cultured separately in the same medium with 
a coculture. After 48 h, C. asiatica extract dissolved in 
DMEM containing FBS 2% was added to a coculture 
cells at three different concentration (125, 250 and 500 
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and analysis of variance (ANOVA) followed by post-hoc 
tests. A value of p < 0.05 was considered significant.

3. Results

3.1. Viability assay of the C. asiatica extract on 3T3-L1 
preadipocytes and RAW 264.7 macrophages

To investigate C. asiatica extract effect on insulin 
sensitivity related to inflammatory changes in a 
coculture of differentiated 3T3-L1 and RAW 264.7 
macrophages, we first evaluated its cytotoxicity at 
various concentration. Cells were treated with C. 
asiatica extract at concentrations up to 500 µg/mL 
showed viability more than 90% (Figure 1), suggesting 
that C. asiatica extract is safe and non-toxic up to a 
concentration of 500 µg/mL in both of 3T3-L1 pre-
adipocytes and RAW 264.7 macrophages. 

3.2 Coculture of RAW 264.7 macrophages in contact 
with 3T3-L1 adipocytes induced insulin resistance in 
adipocytes and altered macrophages morphology

Before we examine insulin sensitivity effect of C. 
asiatica extract on coculture cells, we evaluated 
adipocytes insulin responsiveness in a direct coculture 
of LPS-induced 3T3-L1 adipocytes and RAW 264.7 
macrophages. Cellular contact in direct coculture 
under LPS treatment triggered morphological changes 
in the macrophages. RAW 264.7 macrophages 
appeared rounded without the LPS treatment and the 
macrophages became elongated with short extension 
appearance after LPS treatment. With 48 hours of the 
direct coculture, macrophages showed an elongated 
appearance with a long cellular extension between and 

µg/mL) followed by incubation at 37°C in a humidified 
5% CO2 atmosphere for an additional 24 h. Cells were 
incubated in serum-starved DMEM containing 1 µg/mL 
insulin (Sigma Aldrich, Saint Louis, USA) for 30 min. 
The medium and cells were collected and stored at -20°C 
until use. 

2.6. Determination of glucose consumption

Glucose concentration contained in the cell medium 
was measured using Glucose GOD FS glucose kit assay 
(Diasys Diagnostics, Holzheim, Germany) and was 
performed following the manufacturer's protocol with 
slight modifications. Reagents were added after 20 µL 
of cells media was plated onto 96 well-plate. The plates 
were then incubated at 25°C for 20 min. Absorbance at 
540 nm was recorded using a microplate reader (Thermo 
Fisher Scientific Multiskan, Ratastie, Finland). All the 
samples were measured in triplicate.

2.7. Quantitative of polymerase chain reaction

A coculture of adipocytes and macrophages treated with 
the extract was harvested after 24 h of incubation. Control 
of RAW 264.7 macrophages and differentiated 3T3-L1 
were harvested separately and then mixed in a single tube 
as a control without a coculture. Total RNA was isolated 
in each group according to manufacturer protocol 
(Geneaid biotech Ltd, New Taipei, Taiwan). Expression 
of GLUT-1, IRS-1 and IL-6 mRNA were measured by 
quantitative polymerase chain reaction (qPCR) using a 
Sensifast SYBR No-ROX One-Step Kit Master Mix Kit 
(Bioline, London, United Kingdom) and analyzed on 
an Eco™ Real-Time PCR instrument (Illumina Inc, San 
Diego, USA). The following primers were used for the 
qPCR: GLUT-4, 5'-TTGCACACGGCTTCCGAACG-3' 
(forward) and 5'-GATCTGCTGGAAACCCGACGG-3'; 
IRS-1 5'-CCATGAGCGATGAGTTTCGC-3' (reverse) 
and 5 ' -  GCAGTGATGCTCTCAGTTCG; IL-6 
5'-GAGTCACAGAAGGAGTGGCTAAG-3' (forward) 
and 5'-ACCACAGTGAGGAATGTCCAC-3' (reverse); 
and β-actin 5'-CTCTGGCTCCTAGCACCATGAAGA-3' 
(forward) and 5'-GTAAAACGCAGCTCAGTAAC
AGTCCG-3' (reverse). The qPCR reaction cycling 
parameters for all genes were performed at 45°C for 
10 min for reverse transcriptase activation, followed by 
a pre-incubation condition step at 95°C for 2 min and 
amplification for 40 cycles at 95°C for 5 sec, 62°C for 15 
sec and 72°C for 5 sec. Gene expression was calculated 
using the relative expression ϪϪCq method and β-actin 
was used as a normalizer. All samples were amplified in 
duplicate. 

2.8. Statistical analysis

Data were expressed as the mean ± SD. Statistical 
analysis were performed using the unpaired Student t-test 

Figure 1. Effects of Centella asiatica (L.) extract on RAW 
264.7 macrophages and 3T3-L1 pre-adipocytes viability. 
RAW 264.7 macrophages and 3T3-L1 preadipocytes were 
culturing in DMEM high glucose supplemented by New 
Calf Bovine Serum (NCBS) 10% for culturing 3T3-L1 pre-
adipocytes and Fetal Bovine Serum (FBS) 10% for culturing 
RAW 264.7 macrophages in 96 well plate for 24 h. The cells 
then were incubated at 37℃ in a humidified 5% CO2 with 
various concentration of Centella asiatica (L.) extract for 24 h 
and cell viability was determined using the MTT assay. Extract 
at a concentration up to 500 µg/mL showed cell viability more 
than 90% in both of the cells. Values are expressed as means ± 
SD.
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along the surrounding adipocytes (Figure 2) resembling 
the morphology of adipose tissue macrophages (ATM) 
isolated from obese mice (16). However, direct 
contact between 3T3-L1 adipocytes and RAW 264.7 
macrophages developed an accumulation of lipid 
vacuoles in the macrophages cytoplasm referred to as 
lipid-laden giant multinucleated. The results showed 
that a direct coculture of 3T3-L1 adipocytes and RAW 
264.7 macrophages under LPS induction for 48 h 
stimulates changes in the macrophages behavior. 
 Insulin sensitivity was assessed by evaluating 
insulin-stimulated glucose consumption in a coculture 
of 3T3-L1 adipocytes and RAW 264.7 macrophages. 
Glucose concentration contained in a coculture medium 
indicates how much glucose was taken up by the 
coculture cells. Our study showed there were higher 
glucose concentration contained in the coculture of 
adipocytes and macrophages medium compared to 
the adipocytes medium only (p = 0.046, Figure 3A) 
indicating that an interaction between the adipocytes 
and macrophages under LPS treatment stimulated 
glucose uptake impairment in the adipocytes. 
 In this study, we determined insulin-stimulated 
GLUT-4 mRNA expression as a glucose transporter 
in adipocytes cells in contact with RAW 264.7 
macrophages. We observed significantly lower GLUT-

4 mRNA expression in a coculture of LPS-induced 
3T3-L1 adipocytes and RAW 264.7 macrophages 
compared to the sum of the GLUT-4 mRNA expression 
by adipocytes and macrophages without a co-culture (p 
= 0.016, Figure 3A). This result is consistent with the 
glucose consumption data previously. 
 Glucose transport involves insulin signaling pathways 
after insulin stimulation. The IRS1/PI3K/Akt pathway 
is essential for insulin-regulated glucose transport by 
activating and translocating GLUT-4 from intracellular 
vesicles to the plasma membrane. This study determined 
the mRNA expression of IRS-1. The result showed that 
IRS-1 mRNA expression in coculture of LPS-induced 
adipocytes and macrophages was significantly lower 
(p = 0.045) compared to the sum of the IRS-1 mRNA 
expression by adipocytes and macrophages without a co-
culture (Figure 3C). 
 To evaluate inflammatory changes caused by the 
interaction between adipocytes and macrophages 
under LPS treatment, we assessed pro-inflammatory 
cytokine IL-6 mRNA expression in a coculture of 3T3-
L1 adipocytes and RAW 264.7 macrophages. The 
coculture cells showed significantly higher of IL-6 
mRNA expression compared to the sum of the IL-6 
mRNA expression by adipocytes and macrophages 
without a co-culture (p < 0.01, Figure 3D). This result 
suggested that direct contact between adipocytes 
and macrophages under LPS treatment induced an 

Figure 3. Insulin sensitivity and inflammatory response 
in control of coculture of LPS-induced adipocytes 
and macrophages (CC) and control of adipocytes and 
macrophages without co-culture (NCC). Parameters were 
measured after cells were incubated at 37℃ in a humidified 
5% CO2 for 48 h and insulin induction for 30 minutes. (A) 
glucose concentration; (B) GLUT-4 mRNA; (C) IRS-1 mRNA; 
(D) IL-6 mRNA. Glucose concentration were measured using 
glucose assay kit and expression of target genes were quantified 
using qPCR. Values are mean ± Standard Deviation. *p < 0.05, 
vs. NCC; **p < 0.01, vs. NCC.

Figure 2 . Morphologica l changes of RAW 264.7 
macrophages without coculture and a direct coculture 
with adipocytes. Both of cells were culturing in DMEM high 
glucose supplemented by fetal bovine serum (FBS) 10% in 6 
well plate and incubated at 37℃ in a humidified 5% CO2 for 48 
h. Morphology of the cells were observed under microscope: (A) 
RAW 264.7 macrophages without LPS appeared small rounded 
(green arrow); (B) RAW 264.7 macrophages under LPS 
treatment showed elongated appearance with a  short extension 
(yellow arrow); (C) Culture RAW 264.7 macrophages in 
contact with adipocytes under LPS treatment showed elongated 
appearance with a long cellular extension of RAW 264.7 
macrophages between and along the surrounding adipocytes 
(blue arrow) and (D) Direct coculture between RAW 264.7 
macrophages and differentiated 3T3-L1 adipocytes under 
LPS treatment developed lipid vacuoles accumulated in the 
macrophages cytoplasm (orange arrow).



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(5):261-267.265

inflammatory response, which in turn, influence the 
adipocytes insulin sensitivity that might have mediated 
via the IRS-1/GLUT-4 pathway.

3.3. Glucose consumption in a coculture of LPS-induced 
3T3-L1 adipocytes and RAW 264.7 macrophages after 
24 h treatment of C. asiatica extract 

To evaluate C. asiatica extract effect to improve insulin 
sensitivity, we determined glucose concentration 
contained in a coculture of LPS-induced adipocytes 
and macrophages medium after treated by C. asiatica 
extract at a various concentration (125, 250, and 500 
µg/mL) for 24 h. Glucose concentration contained in a 
coculture LPS-induced of adipocytes and macrophages 
medium after treated with C. asiatica extract at 
concentration 250 and 500 µg/mL showed significantly 
lower concentrations compared to a differentiated 
adipocytes in a dose-dependent manner (p < 0.01 and p 
< 0.01, respectively, Figure 4A). This result indicated 
that C. asiatica extract improved glucose consumption 
in a coculture cells.

3.4. GLUT-4 and IRS-1 mRNA expression in a coculture 
of LPS-induced 3T3-L1 adipocytes and RAW 264.7 
macrophages after a 24 h treatment with C. asiatica 
extract

A co-culture of adipocytes and macrophages treated 
with C. asiatica extract at a concentration of 500 µg/

mL showed significantly higher GLUT-4 and IRS-1 
mRNA expression compared to a control of coculture 
of adipocytes and macrophages (p < 0.01 and p < 
0.01, respectively) as shown in Figures 4B and 4C. 
This result suggested that improvement of glucose 
consumption in a coculture cells after treated with C. 
asiatica extract at a concentration of 500 µg/mL might 
be related to the upregulation of GLUT-4 and IRS-1 
mRNA expression in the adipocytes.

3.5. Pro-inflammatory cytokine IL-6 mRNA expression 
in a coculture of LPS-induced 3T3-L1 adipocytes and 
RAW 264.7 macrophages after 24 h treatment with C. 
asiatica extract 

A direc t  in terac t ion  between adipocytes  and 
macrophages aggravates inflammatory changes in 
adipose tissue marked by the increased production 
of pro-inflammatory cytokines such as IL-6, TNF-α 
and IL-1β. This study determined pro-inflammatory 
cytokine IL-6 mRNA expression in a coculture of LPS-
induced adipocytes and macrophages after treatment 
with C. asiatica extract. We observed that extract at a 
concentration of 500 µg/mL attenuates inflammatory 
response in cells marked by significantly lower IL-6 
mRNA expression in a coculture of adipocytes and 
macrophages compared to control of coculture of 
adipocytes and macrophages as shown in Figure 4D (p 
= 0.026).

4. Discussion

C. asiatica is a promising herb with anti-inflammatory 
and hypoglycemic activity. This study aimed to 
investigate the effect of C. asiatica extract on insulin 
sensitivity improvement related to the inflammatory 
response and its insulin signaling mechanism in a 
coculture of LPS-induced 3T3-L1 adipocytes and RAW 
264.7 macrophages.
 Direct contact between adipocytes and macrophages 
stimulates cytokines pro-inflammatory production 
such as IL-6, TNF-α, MCP-1, and IL-1β which 
may, in turn alter insulin sensitivity in adipocytes 
(16,17). In this study, a direct coculture of 3T3-L1 
adipocytes and RAW 264.7 macrophages treated with 
TLR-4 lipopolysaccharide (LPS) showed that direct 
contact between adipocytes and macrophages under 
LPS induction stimulated insulin resistance in the 
adipocytes. A coculture of adipocytes and macrophages 
showed glucose consumption impairment followed 
by degradation of GLUT-4 and IRS-1 mRNA. The 
coculture of adipocytes and macrophages under 
LPS induction also elevated IL-6 mRNA expression 
compared to the sum of IL-6 expression in adipocytes 
and macrophages without a co-culture. This result 
suggested that upregulated of IL-6 gene expression 
caused by direct contact and LPS induction in a 

Figure 4. Insulin sensitivity and inflammatory response 
in control of coculture (CC) and coculture after treatment 
with Centella asiatica (L.) extract (ECA). Parameters 
were measured after both of cells incubated with a various 
concentration of Centella asiatica L. extract (125, 250, and 500 
µg/mL) at 37℃ in a humidified 5% CO2 for 24 h, followed by 
insulin induction for 30 min. (A) glucose concentration; (B) 
GLUT-4 mRNA; (C) IRS-1 mRNA; (D) IL-6 mRNA. Glucose 
concentration were measured using glucose assay kit and 
expression of target genes were quantified using qPCR. Values 
are mean ± Standard Deviation. *p < 0.05, vs. CC; ***p < 0.001, 
vs. CC.
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coculture cells might lead to IRS-1 degradation 
resulting in GLUT-4 downregulation. GLUT-4 as a 
glucose transport is a key protein in the regulation 
of glucose in adipose tissue thus decreasing GLUT-
4 mRNA expression should affect insulin sensitivity 
in adipocytes. It means that higher expression of pro-
inflammatory cytokines in adipocyte tissue plays a 
pivotal role in the disruption of insulin sensitivity. 
 Insulin signaling impairment caused by pro-
inflammatory cytokines might be influenced by 
upregulation of suppressor of cytokine signaling 
(SOCS)1/3 protein. A study conducted by Rui found 
that the activation and upregulation of the SOCS1/3 
protein caused by pro-inflammatory cytokines altered 
insulin sensitivity in inflammation-induced adipocytes 
that have been shown to reduce IRS1/2 proteins by 
targeting them through ubiquitin-mediated proteasomal 
degradation (18).
 C. asiatica extract at a concentration of 500 µg/mL 
was shown to improve insulin sensitivity in a coculture 
of LPS-induced 3T3-L1 adipocytes and RAW 264.7 
macrophages. Increasing glucose consumption in a 
coculture of LPS-induced adipocytes and macrophages 
after treatment with the extract at a concentration of 
500 µg/mL was followed by upregulation of GLUT-
4 and IRS-1 gene expression in adipocytes. This result 
indicates that upregulation of GLUT-4 and IRS-1 gene 
expression in a coculture cells after treated with extract 
at a concentration of 500 µg/mL might be contributed 
to insulin sensitivity improvement in adipocytes. 
 C. asiatica extract at a concentration of 500 µg/mL 
attenuated inflammatory response in a coculture of LPS-
induced 3T3-L1 adipocytes and RAW 264.7 macrophages 
by inhibiting the pro-inflammatory cytokine IL-6. This 
finding is consistent with the gene expression of GLUT-
4/IRS-1 and the glucose consumption results, indicating 
that the effect of C. asiatica extract to improve insulin 
sensitivity might be mediated through the IRS-1/GLUT-
4 pathway as a result of inhibiting the pro-inflammatory 
cytokine IL-6. 
 Recent studies reported that leaf aqueous extract 
of C. asiatica at a concentration of 50 mg/kg of body 
weight has a glucose-lowering effect in alloxan-induced 
diabetic rats compared to diabetic and anti-diabetic 
drug groups (19). Other studies have also shown that 
an ethanol extract of C. asiatica has an anti-diabetic 
effect at a concentration of 200 mg/kg of body weight 
based on blood-glucose serum level compared to the 
control group (20). However, asiatic acid, as an active 
compound in C. asiatica, has anti-inflammatory activity 
by downregulating the pro-inflammatory cytokines IL-
6, IL- 1β, and TNF-α in human corneal epithelial cells 
and the liver tissue of diabetic-induced mice (12,13). In 
addition, asiatic acid exerts anti-hyperglycemia effect 
in high fat diet (HFD)-induced diabetes mice through 
the PI3K/Akt/GSKβ signaling pathway (21). Another 
previous study showed that asiatic acid at a dose of 20 

mg/kg body decreased blood-glucose level in diabetic-
induced rat using streptozotocin (STZ) followed by 
improved glucose uptake into skeletal muscle tissues 
via the IRS-1/PI3K-Akt signaling pathway (22).
 IRS-1 is a key intracellular molecule that mediates 
insulin signaling through the IRS-1/PI3K/Akt pathway. 
Defects in or degradation of IRS-1 in adipocytes 
may be causes of insulin resistance (23). IRS-1 gene 
disruption in obese mice impaired glucose transports, 
suggesting that insulin sensitivity in adipocytes is 
dependent on the expression of the IRS-1 protein (24-
26). Upregulated IRS-1 gene expression after treatment 
with C. asiatica at a concentration of 500 µg/mL might 
be related to its inflammation inhibition effect inducing 
macrophages to polarize into "macrophage alternatively 
activated" M2. A study conducted by Hawas found 
that treatment with C. asiatica at doses of 500 and 100 
mg/kg of body weight prevented M1/M2 ratio from 
increasing in diabetic rats (27). This effect might trigger 
the deactivation of c-Jun-NH terminal kinase (JNK) 
and decrease SOC1/3 expression which in turn affects 
IRS-1 upregulation. Increasing GLUT-4 and IRS-1 
gene expression in adipocytes after treatment with C. 
asiatica might contribute to the adipocytes ability to 
take up glucose upon insulin stimulation. 
 In conclusion, C. asiatica extract alleviated 
the inflammatory response by inhibiting the pro-
inflammatory cytokine IL-6 and improved insulin 
sensitivity in adipocytes marked by stimulated glucose 
consumption in a coculture cells that might be mediated 
via IRS-1/GLUT-4 insulin signaling pathway. However, 
further studies are required to evaluate more fully 
understanding about molecular actions of C. asiatica 
extract in insulin sensitivity improvement in adipocytes 
related to inflammatory changes.
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Royal jelly regulates the proliferation of human dermal 
microvascular endothelial cells through the down-regulation of a 
photoaging-related microRNA

Yuya Kawano1, Katsunari Makino1,*, Masatoshi Jinnin1,2,*, Soichiro Sawamura1, 
Shuichi Shimada1, Satoshi Fukushima1, Hironobu Ihn1

1 Department of Dermatology and Plastic Surgery, Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan;
2 Department of Dermatology, Wakayama Medical University Graduate School of Medicine, Kimiidera, Wakayama, Japan.

1. Introduction

Skin aging is known to be enhanced by ultraviolet (UV) 
rays, smoking, stress, and eating habits. These factors 
affect skin cells, including keratinocytes and fibroblasts, 
causing epidermal atrophy and denaturation of the 
extracellular matrix (ECM), which contains collagen 

and elastic fibers. In addition, aging of endothelial 
cells has been reported to result in the loss of normal 
capillaries and in irregular dilation of the remaining 
vessels (1-4). Maintenance of normal vasculature 
becomes difficult because of these changes, and 
impaired blood circulation, decreased skin temperature, 
subcutaneous hematoma (referred to as senile purpura), 
and delayed wound healing are frequently noticed. The 
changes in vasculature are thought to play an important 
role in the problems that occur in aged skin. 
 Royal jelly is a product synthesized from pollen 
and is secreted by worker honeybees. It is fed to larvae, 
and is used in large quantities for the morphological 
development of queen bees. Although the queen bee 
and worker bees are genetically identical, the queen's 
intake of royal jelly prolongs its lifespan by an order-

Summary Although royal jelly is believed to prevent skin aging, the underlying mechanism is not 
known in detail. In the present study, we investigated the plausibility of the involvement of 
microRNAs in the manifestation of this effect of royal jelly. The expression of microRNAs was 
determined by PCR array analysis and real-time PCR and the number of cells was counted 
with a cell counter. Using PCR array, we identified four microRNAs that were downregulated 
by royal jelly in cultured human dermal microvascular endothelial cells (HDMEC). Upon 
comparison of the expression of the four microRNAs between young and senescent facial 
skin, miR-129-5p was found to be significantly upregulated in senescent skin. Consistently, 
the expression of miR-129-5p in HDMEC was significantly increased by UVB radiation, 
suggesting that this microRNA is related to photoaging. The royal jelly treatment increased 
the number of HDMEC. Furthermore, forced overexpression of miR-129-5p resulted in 
significant decrease in the number of HDMEC, and its forced downregulation increased the 
number of cells. The number and density of vessels is reported to be decreased in aged skin. 
Our results indicate that miR-129-5p is induced in damaged endothelial cells upon exposure 
to UV radiation, which decreases the cell number. Furthermore, administration of royal 
jelly downregulated the expression of miR-129-5p in endothelial cells, and might prevent 
skin aging by maintaining the number of cells. The present study elucidates the mechanism 
of vessel aging caused by UV exposure and the anti-aging effects of royal jelly through the 
involvement of microRNA.
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of-magnitude over that of worker bees (5). In humans, 
the administration of royal jelly affects various cell 
types, and its efficacy against aging, hypertension (6), 
and impairment of the motor function (7) have been 
described. Skin aging is also thought to be prevented 
by the intake of royal jelly (8), however, the detailed 
mechanism for it remains to be elucidated.
 In the present study, we sought to determine the 
role of microRNAs in preventing the skin aging. 
MicroRNAs are ~22-nucleotide long non-coding 
RNAs. They regulate gene expression by binding to 
complementary sequences of 3' untranslated region 
of their target mRNAs, and thereby, inhibit their 
translation. Around 2,500 microRNAs have been found 
in the human genome, which control more than 60% of 
mRNAs, and are involved in regulating the activity or 
function of various cell types.
 The present study aimed at determining the effect 
of royal jelly on the expression of microRNAs in skin 
cells. Furthermore, we elucidated the role microRNAs 
in the pathogenesis of skin aging and its prevention by 
the administration of royal jelly.

2. Materials and Methods

2.1. Reagents

The royal jelly powder (YDP-M-140830), standardized 
to contain a minimum of 3.85% (E)-10-hydroxy-2-
decenoic acid and 0.67% 10-hydroxydecanoic acid, was 
obtained from Yamada Bee Co. Inc. (Okayama, Japan). 
The enzyme-treated royal jelly powder (YRP-M-140906) 
was standardized to contain a minimum of 3.5% (E)-10-
hydroxy-2-decenoic acid and 0.67% 10-hydroxydecanoic 
acid. The powder was dissolved in distilled water, and 
used at a dose of 10 μg/mL.

2.2. Patient samples

Skin samples were obtained from routinely discarded 
facial skin of three elderly (aged 80-100 years) and 
three young (aged 0-15 years) individuals undergoing 
skin grafting. In the elderly individuals, the collected 
skin showed manifestations of photoaging, including 
wrinkles and sagging. Immediately after the removal, 
the skin samples were fixed in formalin and were 
embedded in paraffin. The study was approved by the 
institutional review board, and written informed consent 
was obtained from the patients in accordance with the 
Declaration of Helsinki.

2.3. Cell culture

Human dermal microvascular endothelial cells 
(HDMEC) were purchased from Takara (Shiga, Japan), 
and were cultured in a growth medium (EGM-2MV, 
Lonza, Walkersville, MD). Normal human epidermal 

keratinocytes (NHEK) were obtained from Lonza, and 
were cultured in KGM-Gold (Lonza). Normal human 
dermal fibroblasts (NHDF) (ATCC, Manassas, VA) 
were cultured in Minimum Essential Medium (Sigma, 
St. Louis, MO). 

2.4.  PCR array analysis and real-time PCR of 
microRNAs

MicroRNAs were extracted from formalin-fixed, 
paraffin-embedded tissue sections with RNeasy FFPE 
Kit (QIAGEN, Valencia, CA). Total RNA from cultured 
cells was extracted using ISOGEN (Nippon Gene, 
Tokyo, Japan), and microRNAs were separated from 
total RNA using RT2 qPCR-Grade miRNA Isolation Kit 
(SABiosciences, Frederick, MD). For the RT2 Profiler 
PCR Array (QIAGEN), RNAs were reverse-transcribed 
into first-strand cDNAs using the RT2 miRNA First 
Strand Kit (QIAGEN). The cDNAs were mixed with 
RT2 SYBR Green/ROX qPCR Master Mix, and the 
mixture was added to the human cell differentiation and 
development-focused miScript® miRNA PCR Array (96-
well format, QIAGEN), which includes primer pairs for 
84 human microRNAs. PCR was performed on Takara 
Thermal Cycler Dice (TP800) (Takara Bio Inc., Shiga, 
Japan) in accordance with the manufacturer's protocol. 
The threshold cycle (Ct) for each microRNA was 
determined using the Thermal Cycler Dice Real Time 
System Ver.2.10B. The raw Ct values were normalized 
using the mean of Ct values for small RNA housekeeping 
genes. The primer sets for U6 (5′-cgcttcacgaatttgcgtg
tcat-3′), miR-129-5p (5′-ctttttgcggtctgggcttgc-3′), let-
7i-5p (5′-tgaggtagtagtttgtgctgtt-3′), miR-124-
3p (5′- taaggcacgcggtgaatgcc-3′) ,  miR-127-5p 
(5′-ctgaagctcagagggctctgat-3′), and miR-302a-3p 
(5′-taagtgcttccatgttttggtga-3′) were used in this study.
 For quantitative real-time PCR, the primers for miR-
129-5p or U6 (QIAGEN) and the templates were mixed 
with SYBR Premix Ex TaqII (Takara Bio Inc.) (9). DNA 
was amplified for 60 cycles employing a denaturation 
step of 5 s at 95°C and an annealing step of 20 s at 60°C. 
The transcript levels of miR-129-5p were normalized to 
those of U6.

2.5. Transient transfection

The mimics and inhibitors of miR-129-5p were obtained 
from QIAGEN, and Lipofectamine RNAiMAX 
(Invitrogen) was used as the transfection reagent (10). 
The control mimic and inhibitor were also obtained from 
QIAGEN. For reverse transfection, microRNA mimics 
and inhibitors were mixed with the transfection reagent, 
and then added to the cells at the time of plating.

2.6. Cell counting

The cells were detached from the wells by trypsin 
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0.21- and 0.13-fold, respectively) only by the enzyme-
treated royal jelly, but not by enzyme-untreated royal 
jelly (by 1.24- and 1.96-fold, respectively). In addition, 
the expression of miR-124-3p was only upregulated (by 
60.2-fold) by enzyme-treated royal jelly.

3.2. Expression of miR-129-5p in senescent skin

The levels of the abovementioned five microRNAs 
were compared between the facial skin of three young 
individuals (0-15 years old) and three aging individuals 
(80-100 years old) (Figure 1). The expression levels 
of miR-124-3p and miR-129-5p were significantly 
enhanced (p < 0.05) in senescent facial skin. We 
focused on miR-129-5p because it was the only 
microRNA whose level was increased in senescent 
skin by both enzyme-treated and untreated royal jelly. 
Interestingly, the miR-129-5p levels were not altered 
by enzyme-treated royal jelly in cultured epidermal 
keratinocytes or in dermal fibroblasts, as assessed 
using the array (Table 1). This suggests that miR-129-
5p is downregulated by royal jelly specifically in the 

treatment, and counted using Coulter® Particle Counter 
(Beckman Coulter, Fullerton, CA), as described 
previously (11).

2.7. Statistical analysis

Mann-Whitney test was used for comparison of the 
median values. The values of means ± SD from three 
separate experiments are shown in each bar graph. A p 
value less than 0.05 was considered to be significant.

3. Results

3.1. Identification of microRNAs regulated by royal 
jelly in skin cells

To identify the microRNAs whose expression is 
regulated by royal jelly, HDMEC (at passages 7, 8, and 
9) were cultured in the presence of enzyme-treated (RJ 
+) or untreated (RJ –) royal jelly for 24 h. For reference, 
we also added keratinocytes (n = 1) and fibroblasts (n = 
1), exposed to enzyme-treated royal jelly, in this array. 
The expression profiles of 84 microRNAs involved 
in the differentiation and development of human cells 
were evaluated in the presence of royal jelly using the 
PCR array. 
 The expression levels of five microRNAs were 
significantly altered (as assessed by Mann-Whitney 
test) by more than 2-fold in the presence of enzyme-
treated royal jelly (Table 1). The expression levels of 
let-7i-5p and miR-129-5p were significantly reduced 
by royal jelly that was not treated enzymatically 
(by 0.43- and 0.17-fold, respectively) as well as by 
enzyme-treated royal jelly (by 0.37- and 0.18-fold, 
respectively). Upon enzyme treatment, the proteins 
present in royal jelly are digested into small peptides, 
resulting in their better absorption. Given that enzyme-
treated and untreated royal jelly suppress the expression 
of miR-129-5p to the same extent, the down-regulation 
of miR-129-5p seems to be the main effect of royal 
jelly. On the other hand, the expression of miR-302a-3p 
and miR-127-5p was significantly downregulated (by 

Table 1. Expression profiles of microRNAs in cultured cells treated with royal jelly, as measured by PCR array

Items

let-7i-5p
miR-129-5p
miR-302a-3p
miR-124-3p
miR-127-5p

Control

1
1
1
1
1

Endothelial cells

        RJ +

  0.37 ± 0.22*
  0.18 ± 0.18*
  0.21 ± 0.21*
60.20 ± 54.95*
  0.13 ± 0.10*

MicroRNAs were obtained from human dermal microvascular endothelial cells (n = 3), keratinocytes (n = 1), and fibroblasts (n = 1) cultured in the 
presence or absence of royal jelly (enzymatically treated [RJ+] or untreated [RJ–]) for 24 h. The microRNA expression profile for each cell was 
determined using the PCR array. The raw threshold cycle (Ct) was normalized using the Ct values for small RNA housekeeping genes. The fold-
change was calculated as 1/2(raw Ct of each microRNA – mean Ct of small RNA housekeeping genes). The mean value obtained for the untreated control cells was set as '1'. For 
endothelial cells, the mean fold-change and standard deviation of each microRNA is shown. * p values < 0.05 compared with the values in control 
cells.

        RJ –

  0.43 ± 0.27*
  0.17 ± 0.18*
  1.24 ± 1.12
24.45 ± 18.79
  1.96 ± 1.62

         Keratinocytes

  control

       1
       1
       1
       1
       1

RJ +

  1.84
  1.77
93.70
  2.14
  0.37

         Fibroblasts

  control

       1
       1
       0
       0
       1

RJ +

2.89
2.64
0.0039
2.87
0.58

Figure 1. Total microRNA was extracted from skin samples 
of young (n = 3) and senescent (n = 3) facial skin. The 
relative expression levels of the five indicated microRNAs 
(normalized to the expression level of U6) were determined 
by using quantitative real-time PCR. The values for young 
skin were set as '1'. Bars indicate the mean values. p < 0.05, as 
assessed by Mann-Whitney test. 
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endothelial cells. Furthermore, miR-129-5p expression 
was significantly induced by UV irradiation in HDMEC 
(Figure 2), indicating that it is the microRNA that is 
related to photoaging. These findings led us to examine 
the mechanism through which miR-129-5p affects the 
function of HDMEC.

3.3. Significance of reduction in miR-129-5p levels in 
endothelial cells upon royal jelly treatment

Next, we determined the function of miR-129-5p in 
skin aging. Treatment with enzyme-treated royal jelly 
significantly increased the number of HDMEC (p 
< 0.05, Figure 3). Royal jelly did not affect the cell 
viability at 10 µg/mL concentration. On the other 
hand, the transfection of microRNA mimic specific to 

miR-129-5p significantly decreased the cell number 
compared to that in the case of control transfection, 
whereas treatment with the specific miR-129-5p 
inhibitor increased the cell number (Figure 4).
 Based on these results, royal jelly may be thought 
to induce the cell number of HDMEC through the 
suppression of miR-129-5p, which is one of the 
microRNAs related to photoaging.

4. Discussion

Propolis has previously been shown to play a protective 
role against the arteriosclerosis of vessels by inducing 
the expression of miR-181a, miR-20b, and miR-
106a (12). However, to the best of our knowledge, no 
association has been established between royal jelly and 
microRNAs, as of date. The present study, which was 
conducted to test our hypothesis that royal jelly controls 
skin aging through the regulation of microRNAs, 
provides three novel insights, as discussed below.
 First, as for propolis, herein, we tried to identify 
microRNAs that are up- or downregulated in human 
skin cells (endothelial cells, keratinocytes, and 
fibroblasts), especially in endothelial cells, upon 
treatment with royal jelly. We performed PCR array 
of microRNAs involved in the differentiation and 
development of cells, and identified five microRNAs 
(let-7i-5p, miR-129-5p, miR-302a-3p, miR-124-3p, and 
miR-127-5p) that were regulated by royal jelly.
 Next, when the expression of five microRNAs was 
compared between young facial skin and senescent 
skin, miR-124-3p and miR-129-5p were found to be 
significantly upregulated in the latter. Consistently, the 
expression of miR-129-5p in vascular endothelial cells 
was significantly increased upon exposure to UVB 
radiation. UVB is one of the main exogenous factors 
that mediate skin aging. The association between UVB 
and several microRNAs, such as miR-23a and -23b, was 
previously reported for other cell types (13,14), and our 
results show, for the first time, that miR-129-5p is also a 
photoaging-related microRNA in endothelial cells.

Figure 2. Human dermal microvascular endothelial cells 
(HDMEC) were exposed to UVB radiation at a dose of 10 
mJ/cm²/day for three days. After 24 h, total microRNA 
was extracted, and the relative level of miR-129-5p 
(normalized to the expression level of U6) was determined 
by quantitative real-time PCR (n = 3). Bars show the mean 
values. *p < 0.05 compared to the values obtained for the 
untreated cells (1.0). 

Figure 3. Human dermal microvascular endothelial cells 
(HDMEC; 1.5 × 105 cells/well) were incubated in 6-well 
culture plates in the presence or absence of enzyme-treated 
royal jelly (10 μg/mL) for 48 h. The number of cells was 
counted as described in Materials and Methods section. The 
value for the untreated cells was set as '1'. *p < 0.05 (n = 3).

Figure 4. (Left) Human dermal microvascular endothelial 
cells (HDMEC), at a density of 1.5 × 105 cells/well, were 
transfected in 6-well culture plates with control or miR-129-
5p mimic. (Right) HDMEC at a density of 1.5 × 105 cells/
well were transfected in 6-well culture plates with control 
or miR-129-5p inhibitor. After 48 h, the number of cells was 
counted, as described in Materials and Methods section. 
The values for the cells transfected with the controls were set as 
'1'. *p < 0.05 compared to the value for the control cells (n = 3).
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 Lastly, we evaluated the possibility that royal 
jelly prevents skin aging through the suppression of 
miR-129-5p. The number of HDMEC was increased 
upon addition of royal jelly. Furthermore, the forced 
overexpression of miR-129-5p resulted in a significant 
suppression in the number of HDMEC, and forced 
downregulation of miR-129-5p induced it. It is 
reported that miR-129-5p negatively controls the 
proliferation of cells by regulating the cell cycle (15). 
Taken together, our results indicate that miR-129-5p is 
induced in damaged endothelial cells by UV radiation, 
which decreases the cell number. Furthermore, the 
administration of royal jelly downregulated the 
expression of miR-129-5p in endothelial cells, and may 
prevent skin aging by maintaining the number of cells. 
As described in the Introduction section, the number 
and density of vessels was reported to decrease in 
aged skin (1-4). Herein, we elucidated the mechanism 
of vessel aging by UV exposure and the anti-aging 
effects of the royal jelly through the involvement 
of microRNAs. Also, we previously reported that 
the expression of miR-124-3p is downregulated in 
squamous cell carcinoma (SCC), which is one of the 
most common skin cancers induced by chronic and 
cumulative UV irradiation (16). Because royal jelly 
enhanced the expression of miR-124-3p in keratinocytes 
in the present study, it may have preventive effects 
against SCC.
 Further in vivo experiments would be required 
to prove that royal jelly can reduce the expression 
of miR-129-5p and can prevent photoaging of skin. 
Furthermore, miR-129-5p might not only be involved 
in increasing the number of cells, but might also 
prevent skin aging through the regulation of its target 
genes. However, further work would be needed to 
explore these molecular mechanisms. Many genes 
are predicted as putative targets of miR-129-5p using 
Targetscan (http://www.targetscan.org). These include 
calcium signaling-related molecules, such as calcium 
channel, voltage-dependent, γ subunit 2 (CACNG), 
calcium/calmodulin-dependent protein kinase II 
inhibitor 1 (CAMK2N1), FK506 binding protein 2, 13 
kDa (FKBP2), and calmodulin 1 (phosphorylase kinase, 
delta) (CALM1). Considering the reported association 
between skin aging and calcium signaling (17), miR-
129-5p could be one of the important microRNAs 
involved in skin aging. In addition, the regulation of 
calcium signaling by miR-129-5p may cause several 
changes, such as calcification or arteriosclerosis, in 
aged vessels.
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1. Introduction

Hepatitis B virus (HBV), hepatitis C virus (HCV), and 
human immunodeficiency virus (HIV) infections are 
becoming major public health problems. Patients with 
chronic kidney failure or end-stage renal disease usually 
undergo hemodialysis (HD) (1) and are at increased 
risk of developing a viral infection. The major reason 
for the high prevalence of HBV and HCV in patients on 
HD is related to vascular access. Patients on HD are at 

high risk of possible exposure to infected individuals 
due to the lack of standard preventive methods, 
effective vaccination, and contaminated and/or cross-
contaminated dialysis machines (2). 
 HBV and HCV cause acute and chronic liver 
inflammation and damage, ranging from a minor liver 
disorder like cirrhosis to hepatocellular carcinoma, 
which is the main reason for the high mortality and 
morbidity rate in patients on HD (3). Measures to detect 
the incidence of HBV and HCV infections in HD units/
centers and to address the risk factors for their spread 
help health care planners in a country to work more 
efficiently. The aim of the current study was to analyze 
the prevalence and to concentrate on the key risk 
factors causing HBV, HCV, and HIV viral infections 

Summary Hemodialysis (HD) is the most commonly used treatment in patients with end-stage renal 
failure or disease (ESRD) worldwide. Blood-borne viral diseases are the major causes of 
mortality and morbidity in patients on HD. This study aims to analyze the prevalence and 
to concentrate on the key risk factors that are responsible for hepatitis B virus (HBV), 
hepatitis C virus (HCV), and human immunodeficiency virus (HIV) infection in patients 
on HD visiting two dialysis centers in the city of Quetta in southwestern Pakistan. The 
overall incidence of HBV was found to be 16.1%, the overall incidence of HCV was found 
to be 43.2%, and two patients (1.6%) were found to be positive for both HBV and HCV. 
HIV was not found among patients seen at both hospitals during the study period. The 
main risk factors for development of a viral infection were the length of time on HD (p 
= 0.007), number of sessions (p = 0.001), and level of education (p = 0.092). Biochemical 
and hematological parameters including urea, creatinine, uric acid, and calcium levels, 
red blood cell count, white blood cell count, hemoglobin levels, and platelet count were 
also studied in patients on HD. HD is becoming one of the major factors causing a viral 
infection because a patient can possibly become infected during an HD session via a blood 
transfusion, dialysis machines, instruments and/or other contaminated equipment. In order 
to control the spread of viral infections, increased public awareness, vaccinations, and 
health education programs for both health care providers and patients are needed, and 
proper screening programs should be instituted before dialysis is performed.
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in patients on HD in the Quetta District of Pakistan. 
The obtained information would be useful for health 
education programs, for patients on HD, and for health 
care personnel to control the further spread of viral 
infections in dialysis units.

2. Materials and Methods

2.1. Study design

A cross-sectional time-bounded study was conducted 
from June to September 2018 at two tertiary care public 
hospitals, Balochistan Institute of Nephrology and 
Urology, Quetta (BINUQ) and Sandeman Provincial 
Hospital (SPH), located in the Quetta District of 
Balochistan Province, Pakistan. BINUQ is a dedicated 
hospital for kidney diseases, and SPH is a general 
hospital. Both hospitals have two separate sections for 
HBV and HCV sero-positive and negative patients.

2.2. Study sampling tools and procedures

Subjects were a total of 118 patients who were 
diagnosed with either HBV or HCV. Written consent 
was obtained from each patient. Data were collected 
using a pre-tested structured questionnaire asking 
about socio-demographic data (age, gender, locality, 
marital status, level of education, occupation, and 
income), patient-related factors (cause of renal failure, 
co-morbidity, total years since the 1st session, and the 
length of time on HD), and clinical factors (family 
history of receiving dialysis, current status of HBV, 
HCV, and HIV, timing of initial onset, and laboratory 
results). Patient files were used to supplement 
information and clinical data. A blood sample of 5 mL 
was collected in an EDTA tube from each patient using 
the standard procedures for peripheral venipuncture 
before commencement of the HD session. The collected 
blood samples were stored at 4°C for analysis. 

2.3. Serological testing

The collected blood samples were tested for HBV, HCV, 
and HIV with an immunochromatographic test (ICT) 
and/or chemiluminescence immunoassay (CLIA). Kits 
were used per the manufacturer's instructions to detect 
the presence of hepatitis B surface antigen (HBsAg) 
(HEXAGON HBsAg Immunochromatographic 1-Step 
test), anti-HCV antibodies (Onsite HCV Ab Plus 
Rapid Test), and anti-HIV antibodies (OneSite human 
immunodeficiency virus (HIV)-1/2 Ab Plus Combo 
Rapid Test). Non-reactive samples were considered to 
be negative and were not tested further. In the event of 
a positive or reactive result, the sample was tested again 
with an alternative testing method such as a CLIA per 
the manufacturer's instructions before a final diagnosis 
was made. 

The collected blood samples were further tested 
for creatinine, urea, calcium, and uric acid levels. 
Commercial kits were used per the manufacturer's 
instructions. A complete blood count (CBC) was 
performed on a Medonic hematology analyzer 
(Stockholm, Sweden). The following parameters were 
included in the CBC: hemoglobin (HB) level, red blood 
cell (RBC) count, white blood cell (WBC) count, and 
platelet (PLTS) count. Controls were provided by the 
manufacturer and external controls were used.

2.4. Statistical analysis

Data were analyzed using SPSS v 22. Demographic 
characteristics were analyzed using a basic statistical 
tool (percentage and frequency for categorical variables 
and mean standard deviation SD for continuous 
variables). The presence of an infection was predicted 
with an inferential statistic using the chi-square test 
to determine the association between demographic 
characteristics and the presence of an infection.

3. Results

In the current study, 118 patients received HD at two 
government-run dialysis centers in the Quetta District. 
Of the patients studied, 93 were received dialysis at 
the BINUQ dialysis center and 25 received dialysis 
at the Civil Hospital in the Quetta District. All of the 
patients were on HD for more than one month, and a 
blood sample was collected during the first dialysis 
session. Of the 118 patients tested, 71 were male and 
47 were female; 18 (15.3%) were positive for HBV, 
52 (44.1%) were positive for HCV, 2 (1.69%) were 
positive for an HBV/HCV co-infection, and none were 
positive for HIV (Table 1). Patients ranged in age from 
33-42 years. The mean age of HBV-positive patients 
on HD was 42.56 ± 16.80 years while the mean age of 
HBV-negative patients on HD was 43.36 ± 14.56 years. 
The incidence of HBV among the patients studied was 
found to be 16.1%. Positivity for HBV was higher 
among males than females (p = 0.929) (Table 2). An 
analysis of the obtained data revealed no significant 
association between HBV infection and patient age (p = 
0.663). HBV infection was not significantly related to 
biochemical and/or hematological parameters such as 

275

Table 1. Frequency distribution and percentage of several 
variables in patients on hemodialysis

Variable

Gender

Viral Infection

Frequency

71
47
18
52
02
–

Description

Males
Females
HBV
HCV
HBV/HCV (co-infection)
HIV

%

60.1
39.8
15.3
44.1
1.69

–
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negative patients had a mean WBC count of 11.30 ± 
15.63 thousand cells/mcL (p = 0.767). HBV-positive 
patients had a mean HB level of 8.60 ± 1.49 gm/dL 
while HBV-negative patients had a mean HB level of 
13.51 ± 20.41 gm/dL (p = 0.530). HBV-positive patients 
had a mean platelet count of 179.80 ± 65.15 platelets/
mcL while HBV-negative patients had a mean platelet 
count of 208.55 ± 87.89 platelets/mcL (p = 0.408) (Table 
3). HBV infection was significantly related to the 
length of time on HD (p = 0.007) and the frequency of 
HD sessions (p = 0.017) (Table 2). 
 The overall prevalence of HCV was 43.2% among 
patients on HD the two dialysis centers in the Quetta 
District. HBV infection was not significantly related to 
patient age (p = 0.993). The mean age of HCV-positive 
patients on HD was 43.02 ± 13.69 years while the 
mean age of HCV-negative patients on HD was 43.41 
± 15.84 years (Table 2). Positivity for HCV was higher 
among males than females (p = 0.626) (Table 2). HCV 

urea, creatinine, uric acid, and calcium levels, the RBC 
count, WBC count, HB level, and platelet count. HBV-
positive patients had a mean blood urea level of 145.60 
± 48.45 mg/dL while HBV-negative patients had a mean 
blood urea level of 144.98 ± 56.60 mg/dL (p = 0.818). 
HBV-positive patients had a mean creatinine level of 
7.46 ± 2.33 mg/dL while HBV-negative patients had a 
mean creatinine level of 7.50 ± 1.74 mg/dL (p = 0.817). 
HBV-positive patients had a mean uric acid level of 7.26 
± 2.21 mg/dL while HBV-negative patients had a mean 
uric acid level of 6.97 ± 1.74 mg/dL (p = 0.99). HBV-
positive patients had a mean calcium level of 8.12 ± 
0.26 mg/dL while HBV-negative patients had a mean 
calcium level of 7.36 ± 1.90 mg/dL (p = 0.446). HBV-
positive patients had a mean RBC count of 3.11 ± 0.32 
million cells/mcL while HBV-negative patients had a 
mean RBC count of 13.51 ± 20.41 million cells/mcL 
(p = 0.218). HBV-positive patients had a mean WBC 
count of 7.45 ± 4.12 thousand cells/mcL while HBV-

Table 2. Comparison between HBV, HCV, and HIV infection with risk factors in patients on hemodialysis

Variable

Age (Mean Age)
Gender
     Male
     Female
Marital Status
     Married
     Single
Locality
     Rural
     Urban
Education
     Illiterate
     Religious
     Primary school
     Middle school
     Matriculated
     Intermediate
     Graduate
Occupation
     Unemployed
     Working part-time while studying
     Employee of private firm
     Government employee
     Self-employed
     Housewife
     Retired 
Income per month in USD
     Less than 50 USD
     From 50-100 
     More than 100
     No income
Length of Time on Hemodialysis
     Less than 3 Months
     3-6 months
     7-12 months
     1-3 years
     4-6 years
     7-9 years
Frequency of Hemodialysis Sessions
     Twice weekly
     Thrice weekly

HBV Positive

42.56 ± 16.80

11 (61.1%)
  7 (38.9%)

15 (83.3%)
  3 (16.7%)

  5 (27.8%)
13 (72.2%)

10 (55.6%)
  0 (0.0%)
  1 (5.6%)
  2 (11.1%)
  4 (22.2%)
  0 (0.0%)
  1 (5.6%)

  6 (33.3%)
  1 (5.6%)
  2 (11.1%)
  3 (16.7%)
  1 (5.6%)
  5 (27.8%)
  0 (0.0%)

  4 (22.2%)
  5 (27.8%)
  7 (38.9%)
  2 (11.1%)

  0 (0.0%)
  5 (27.8%)
  3 (16.7%)
  3 (16.7%)
  7 (38.9%)
  0 (0.0%0

18 (100.0%)
  0 (0.0%)

HBV Negative

43.36 ± 14.56

60 (60.0%)
40 (40.0%)

87 (87.0%)
13 (13.0%)

34 (34.0%)
66 (66.0%)

35 (35.0%)
  7 (7.0%)
  9 (9.0%)
  8 (8.0%)
18 (18.0%)
  8 (8.0%) 
15 (15.0%)

18 (18.0%)
11 (11.0%)
  5 (5.0%)
15 (15.0%)
20 (20.0%)
30 (30.0%)
  1 (1.0%)

21 (21.0%)
17 (17.0%)
34 (34.0%)
28 (28.0%)

  5 (5.0%)
  8 (8.0%)
15 (15.0%)
55 (55.0%)
15 (15.0%)
  2 (2.0%)

75 (75.0%)
25 (25.0%)

P value

0.663

0.929

0.676

0.605

0.431

0.520

0.427

0.007

0.017

HCV-positive

43.02 ± 13.69

30 (57.7%)
22 (42.3%)

47 (90.4%)
  5 (9.6%)

17 (32.7%)
35 (67.3%)

25 (48.1%)
  4 (7.7%)
  5 (9.6%)
  4 (7.7%)
  6 (11.5%)
  5 (9.6%)
  3 (5.8%)

  9 (17.3%)
  4 (7.7%)
  2 (3.8%)
  8 (15.4%)
11 (21.2%0
17 (32.7%)
  1 (1.9%)

11 (21.2%)
13 (25.0%)
19 (36.5%)
  9 (17.3%)

  2 (3.8%)
  4 (7.7%)
  7 (13.5%)
29 (55.8%)
  8 (15.4%)
  2 (3.8%)

51 (98.1%)
  1 (1.9%)

HCV-negative

43.41 ± 15.84

41 (62.1%)
25 (37.9%)

55 (83.3%)
11 (16.7%)

22 (33.3%)
44 (66.7%)

20 (30.3%)
  3 (4.5%)
  5 (7.6%)
  6 (9.1%)
16 (24.2%)
  3 (4.5%)
13 (19.7%)

15 (22.7%)
  8 (12.1%)
  5 (7.6%)
10 (15.2%0
10 (15.2%)
18 (27.3%)
  0 (0.0%)

14 (21.2%)
  9 (13.6%)
22 (33.3%)
21 (31.8%)

  3 (4.5%)
  9 (13.6%)
11 (16.7%)
29 (43.9%)
14 (21.2%)
  0 (0.0%)

42 (63.6%)
24 (36.4%)

P value

0.993

0.626

0.267

0.941

0.092

0.702

0.211

0.409

0.001
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positivity was not significantly related to patient gender 
(p = 0.626) (Table 2). The incidence of HCV infection 
and level of education were significantly related (p = 
0.092). Most of the patients with an HCV infection 
were illiterate (48.1%) or had matriculated (11.5%). 
Additional risk factors for HCV positivity included 
the frequency of HD sessions (p = 0.001) (Table 2). 
HCV was not significantly related to serum levels of 
urea, creatinine, uric acid, calcium, or HB or to RBC, 
WBC, or platelet counts. HCV-positive patients had a 
mean urea level of 144.98 ± 56.60 mg/dL while HCV-
negative patients had a mean urea level of 145.60 ± 
48.45 mg/dL (p = 0.916). HCV-positive patients had a 
mean creatinine level of 7.50 ± 1.74 mg/dL while HCV-
negative patients had a mean creatinine level of 7.40 
± 2.33 mg/dL (p = 0.88). HCV-positive patients had 
a mean uric acid level of 6.97 ± 1.64 of mg/dL while 
HCV-negative patients had a mean uric acid level of 
7.26 ± 2.21 mg/dL (p = 0.99). HCV-positive patients 
had a mean calcium level of 7.36 ± 1.90 mg/dL while 
HCV-negative patients had a mean calcium level of 8.12 
± 0.26 mg/dL (p = 0.44). HCV-positive patients had 
a mean RBC count of 3.60 ± 0.69 million cells/mcL 
while HCV-negative patients had a mean RBC count 
of 3.11 ± 0.32 million cells/mcL (p = 0.218). HCV-
positive patients had a mean WBC count of 11.30 ± 
15.63 thousand cells/mcL while HCV-negative patients 
had a mean WBC count of 7.45 ± 4.12 thousand cells/
mcL (p = 0.766). Patients positive for HCV had a mean 
HB level of 13.51 ± 20.41 g/dL while patients negative 
for HCV had a mean HB level of 8.60 ± 1.49 g/dL (p 
= 0.53). HCV-positive patients had a mean platelet 
count of 208.55 ± 87.89 platelets/mcL, while HCV-
negative patients had a mean platelet count of 178.80 ± 
65.15 platelets/mcL (p = 0.408) (Table 3). The obtained 
values were compared with normal reference ranges, 
but a direct relationship between the studied parameters 
and both HBV and HCV infection was not noted.

4. Discussion

An HBV, HCV, or HIV viral infection is considered 
to be a major health hazard for patients on HD and the 
medical staff of dialysis units/centers (4). Among the 
patients studied, the prevalence of HBV was 16.1%. 

The observed prevalence is quite high compared to 
that in other studies conducted in different countries 
and regions l ike Jordan (5.9%), Gaza (8.1%), 
Saudi Arabia (10%), and Bahrain (11.8%) (5). This 
observed difference in prevalence of infection might 
remain because of the variation in the extent of the 
implementation of universal safety measures in order 
to prevent the nosocomial spread of viral diseases. In 
the current study, there was a significant association 
between HBV and the frequency of HD sessions and 
the years on HD, and this finding agrees with the 
results of a study conducted in Jordan (6). In general, 
most of the patients with a chronic kidney disease in 
the Quetta District and those who need major surgery 
are treated in different hospitals in different cities in 
Pakistan. Some of the patients had undergone HD 
during treatment in another city. A previous study 
in India reported that traveling to other cities is also 
associated with an increased risk of becoming infected 
with the hepatitis virus and/or HIV, and this risk would 
presumably increase when traveling to distant areas 
(4). As mentioned above, the observed difference 
between the incidence of HBV and the length of time 
on HD and the frequency of HD sessions might be 
due to variation in the type of surgical procedure, the 
medical facility, and associated factors in countries 
where surgery is performed. An HBV infection was 
not significantly related to patient age or income. 
Patients younger than 42 years of age had a greater 
risk of infection with HBV than older patients. Among 
the patients undergoing HD in the Quetta District in 
the current study, those 33 to 42 years of age had the 
highest incidence of HBV infection. Males had a higher 
risk of HBV infection than females. This might be 
related to the fact that males are more socially active 
and exposed to risk factors for development of an HBV 
infection (e.g. hair dressing, contaminated razors for 
shaving, blood donation, unsterilized instruments, and 
needles used in different types of surgery) than females. 
These findings are in accordance with the results of a 
previous study of the general population in the Karachi 
District of Pakistan (7). The reported incidence of 
HCV among patients on HD in Karachi was 43.2%, 
indicating that the observed prevalence of HCV in the 
current study was higher than that in Tunisia (19.1%), 

Table 3. Comparison between HBV and HCV infection and biochemical and hematological parameters in patients on 
hemodialysis.

Variable (mean values)

Urea (mg/dL)
Creatinine (mg/dL)
Uric Acid (mg/dL)
Calcium (mg/dL)
WBC (thousand cells/mcL)
RBC (million cells/mcL)
HB (g/dL)
Platelets (platelets/mcL)

HBV Positive

145.60 ± 48.45
  7.46 ± 2.33
  7.26 ± 2.21
  8.12 ± 0.26
  7.45 ± 4.12
  3.11 ± 0.32
  8.60 ± 1.49

179.80 ± 65.15

HBV Negative

144.98 ± 56.60
  7.50 ± 1.74
  6.97 ± 1.74
  7.36 ± 1.90

  11.30 ± 15.63
  13.51 ± 20.41
  13.51 ± 20.41
208.55 ± 87.89

P value

  0.818
  0.817
  0.99
  0.446
  0.767
  0.218
  0.530
  0.408

HCV-positive

144.98 ± 56.60
  7.50 ± 1.74
  6.97 ± 1.64
  7.36 ± 1.90

  11.30 ± 15.63
  3.60 ± 0.69

  13.51 ± 20.41
208.55 ± 87.89

HCV-negative

145.60 ± 48.45
  7.40 ± 2.33
  7.26 ± 2.21
  8.12 ± 0.26
  7.45 ± 4.12
  3.11 ± 0.32
  8.60 ± 1.49

178.80 ± 65.15

P value

  0.916
  0.88
  0.99
  0.446
  0.766
  0.218
  0.530
  0.408
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Lebanon (27%), and Jordan (34.6%) and lower than 
that in Syria (75%) (8,9). The prevalence of HCV 
differed among HD units/centers; as stated earlier, 
the difference in prevalence of infection was due to 
different types of universal safety measures that are 
implemented in different units. Similar results were 
reported in previous studies conducted in Jordan and 
Lebanon (8,10). The current study noted no relationship 
between the incidence of HCV and patient gender, age, 
or income.  This finding agrees with the results of a 
previous study (11), but HCV was significantly related 
to the frequency of HD sessions and conditions for HD, 
indicating that the risk factors for development of an 
HCV in patients on HD increased with a longer time 
on HD. Previous studies in different regions around 
the world have reported similar results (12,13). In the 
current study, most of the HCV-positive patients were 
illiterate or had matriculated (10 years of schooling). 
This finding agrees with the results of a previous large-
scale study reporting that less educated people had 
a higher prevalence of HCV infection than educated 
people (14). Two patients in the current study (1.6%) 
were positive for both HBV and HCV, which is quite 
low when compared to the results of a study conducted 
in Moldavia that reported co-infection at a rate of 17% 
(6). Laboratory results were not significantly related 
to HBV, HCV, or HIV. In Pakistan, the prevalence of 
HBV and HCV is quite high, and nationwide efforts 
are required to identify people who are infected. In 
the current study, none of the patients studied were 
infected with HIV. This finding is similar to the results 
of a previous study conducted in Baghdad, Iraq (15). 
The prevalence of HIV among patients on HD was 0% 
in the Jenin District of Palestine, 6% in Nigeria, and 
7% in the US; these rates are much lower than 33% in 
Kosovo, 39% in Morocco, 50% in France, and 51% in 
Spain (16).

5. Conclusion 

To the extent known, the prevalence of HBV, HCV, 
and HIV among patients on HD has never been 
examined in the Quetta District of Balochistan. This 
study of viral infections among patients on HD was 
conducted to obtain baseline information for medical 
personnel. In the current study, HBV and HCV 
infections were prevalent among patients on HD in 
the Quetta District. None of the patients studied had 
HIV, which could be due to socio-cultural beliefs and 
practices. HD is becoming one of the major factors 
causing viral infections like HBV, HCV, or HIV 
because a patient on HD can contract an infection via 
blood transfusion, dialysis machines, instruments or 
other contaminated equipment. In order to control the 
spread of viral infections, increased public awareness, 
vaccinations, and health education programs for both 
health care providers and patients are needed, and 

proper screening programs should be instituted before 
dialysis is performed.
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1. Introduction

Peripheral catheters are commonly used for the 
administration of fluids and medications. A recent 
study reported that more than 70% of all patients in 

acute care hospitals use peripheral intravenous catheters 
(PIVCs) (1,2). In addition, more than 30% of PIVCs are 
reportedly removed for unplanned reasons rather than 
replaced when clinically indicated, which is termed 
catheter failure (CF) (3,4). Peripheral intravenous CF 
is a generic term used to refer to local complications 
associated with PIVCs, such as phlebitis and infiltration 
(5-7). CF is associated with clinical signs and 
symptoms, such as erythema, swelling, induration, 
bleeding and pain, and an insufficient infusion rate. 
CF negatively affects the patient's comfort and 
continuous fluid therapy. Catheter replacement, which 

Summary Few studies have investigated the molecular mechanisms of catheter failure (CF). 
Herein, we performed histological and molecular biological analyses of the catheter tip 
to demonstrate its potential as a resource for biological investigation. Additionally, we 
searched for risk factors for the development of inflammation and coagulation, which are 
pathological conditions clarified by biological analysis. The CF group included 30 failed 
catheters involving thrombus and subcutaneous edema identified by ultrasonography. 
The No-CF group included 26 catheters with no complications. The removed catheter tips 
were fixed for hematoxylin-eosin (HE) staining with the application of a real-time reverse 
transcriptase polymerase chain reaction for eukaryotic 18S ribosomal RNA (rRNA), 
interleukin 1β, tumor necrosis factor α, tissue plasminogen activator, and plasminogen 
activator inhibitor 1 (SERPINE1). HE staining identified attached nuclear cells on the inner 
surfaces of both CF and No-CF catheters. The 18S rRNA was amplified in all samples. The 
expression level of SERPINE1 was significantly higher in the CF group than in the No-CF 
group (p = 0.01), whereas the expression levels of other genes did not differ between the 
groups. Symptoms of CF associated with the expression of SERPINE1 were analyzed. The 
catheter being in contact with blood vessels during placement was a suggested factor related 
to the high expression of SERPINE1 (p = 0.04). Catheter tips are a potential resource 
for biological investigation, and expression analysis of the attached cells can reflect the 
pathological condition of the catheterized tissue. Further studies using catheter tips are 
required to elucidate the molecular mechanisms of CF.
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is unavoidable in CF, increases patient discomfort (8,9), 
labor costs, and the cost of medical resources (3,10-
14). For these reasons, it is important to prevent CF in 
PIVCs and to pay special attention to signs, symptoms, 
and changes in the infusion rate. 
 The lack of effective preventive methods for CF may 
be due to insufficient investigation into the etiology of 
CF. Intravascular thrombus, subcutaneous edema, and 
catheter dislodgment have been previously discussed as 
possible etiologies of peripheral intravenous CF. Our 
previous study investigated the relationship between the 
etiology of CF confirmed by ultrasonography and the 
occurrence of peripheral intravenous CF (15). Notably, 
no catheter dislodgment was found among the cases of 
peripheral intravenous CF. On the other hand, thrombus 
with subcutaneous edema was found to be significantly 
related to the occurrence of peripheral intravenous CF.
 In our previous study, we identified etiologies 
(dislodgment, thrombosis, and subcutaneous edema) 
by ultrasonography. Ultrasonography is useful to 
identify the structural changes at tissue or organ levels. 
However, it is very labor-intensive to perform an 
ultrasound examination just before removing a catheter 
at the bedside, especially difficult when doing at night 
or in situations where catheter removal is urgent. Here, 
instead, we wanted to focus on the removed catheter 
itself and to examine whether it is possible to clarify the 
condition of the blood vessels and surrounding tissue at 
the time of removal.
 Therefore, we thought that we could explain the 
phenomenon of CF by the biological analysis of the 
removed catheter. With this new evaluation method, 
it would become possible to evaluate changes that are 
difficult to detect on the skin, and it may be possible 
to elucidate the causes of CF in detail and to evaluate 
the differences between varying devices and placement 
depths. Many studies have evaluated the status of 
catheter infection (16-19). For example, reports on 
the estimation of the infection route have been made 
by analyzing bacterial flora using next generation 
sequencing for the collected catheter (16). However, 
few studies have focused on the tissues and cells in the 
vicinity where the catheter is inserted.
 Investigation at the cellular and molecular levels 
is essential for the development of an effective 
method to prevent CF. Here, we hypothesized that the 
cells, including erythrocytes, lymphocytes, vascular 
endothelial cells, and fibroblasts, attach to the inner and 
outer surfaces of the catheter, and they are a possible 
resource for molecular biological investigation. 
 The purpose of this preliminary study was to 
show the possibility of cytological and molecular 
biological investigation of the catheter t ip by 
microscopic observation of the adhered host cells on 
the surface of the removed catheter tips and real-time 
reverse transcriptase polymerase chain reactions of 
housekeeping genes and genes related to inflammation 

and thrombosis. In this study, we searched for risk 
factors for the development of inflammation and 
coagulation, which are pathological conditions that can 
be clarified by biological analysis.

2. Materials and Methods

2.1. Study setting and participants

We recruited participants who had been admitted to 
a medical ward of a university hospital located in a 
metropolitan city in Japan who required PIVC for fluid 
therapy between January and June 2014. Any patients 
who received chemotherapy, were under 20 years 
of age, had a low cognitive level, or had an unstable 
physical condition were excluded. We repeatedly 
observed the patients who received PIVCs multiple 
times in order to include all PIVCs in this analysis. In 
this prospective observational study, we observed all 
PIVCs just before catheter removal. We defined PIVC 
with thrombus and subcutaneous edema detected on 
ultrasound and related to CF as "CF". We defined PIVC 
with no complications detected on ultrasound and no 
CF as "No-CF".

2.2. Data collection procedure

The patients' characteristics were collected either from 
medical records or from observations of the indwelling 
site before infusion therapy started. We asked the 
nurses to call us just before catheter removal. We then 
observed the signs and symptoms from macroscopic 
observation and observed the vessel lumen and 
surrounding tissues by ultrasound.

2.3. Investigation items

The researchers confirmed with the nurses the reasons 
for catheter removal. Accidental catheter removal was 
defined as CF. In this study, the ultrasound scanning 
technique was based on our previous study (20,21). The 
motion images were recorded on a hard disk attached 
to the ultrasound equipment (Noblus®; Hitachi Aloka 
Medical, Ltd., Tokyo, Japan), which included a linear-
array (5.0-18.0 MHz) transducer. The identifications 
of thrombus, subcutaneous edema, and catheter tip 
position on ultrasound images were performed by a 
certified sonographer with over 10 years of experience. 
The sonographer was blinded to the condition of the 
PIVC.
 The definitions of thrombus and subcutaneous 
edema were based on those of our previous study 
(15,22). Intravenous thrombus was defined as a 
marked echogenic mass with an uneven surface. 
Final judgments were made using both transverse and 
longitudinal ultrasound images. Subcutaneous edema 
was defined by a homogeneous cobblestone appearance 
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evaluated as "quantified". Subsequently, qualitative 
analysis was conducted only in the quantified samples. 
Relative expression levels of target genes (TNF, 
IL1B, SERPINE1, and PLAT) were calculated by the 
comparative Ct method with the following formulas and 
the ΔΔCt values were used for the statistical analysis. 

       ΔCt = (Ct target gene – Ct18S rRNA)
       ΔΔCt = ΔCt – Average of ΔCt CF negative
       Relative expression level = 2(-ΔΔCt)

2.7. Statistical analyses

Results are presented as mean ± standard deviation. 
Statistical differences between the CF and No-CF 
groups were determined using Student's t-test or the 
rank sum test. For risk factor analysis, we compared CF 
with high gene expression (ΔΔCt > 1) of biomarkers 
and No-CF with low gene expression (ΔΔCt < 1) 
of biomarkers. A p value of < 0.05 was considered 
statistically significant. All statistical analyses were 
performed using STATA/SE 15.0 software (StataCorp 
LP, College Station, TX, USA). 

2.8. Ethical considerations

The study protocol was approved by the Research 
Ethics Committee of The University of Tokyo (#10348). 
Written informed consent was obtained from all 
patients or their proxies prior to participation in the 
study.

3. Results

3.1. Participants and PIVC characteristics

In this study, the researchers investigated 186 catheters 
using an ultrasonography device just before catheter 
removal. The study included 26 CF patients whose 
PIVC had thrombus with subcutaneous edema-
related CF and 30 No-CF patients whose PIVC had no 
complications. Thirty of the 56 participants were men. 
The patients' mean age (SD) was 69.1 (± 12.8) years, 
and the mean body mass index was 22.4 (± 3.5) kg/m2 
(Table 1).

3.2. Presence of adhered cells

HE staining showed the presence of adhered cells on 
the surface of the catheter tips. Erythrocytes, which 
have no nucleus, were stained only with eosin, and a 
double positive for hematoxylin and eosin revealed 
the presence of nucleated cells, such as white blood 
cells, endothelial cells, and fibroblasts. In all samples, 
a large number of erythrocytes and nucleated cells 
were observed only on the inner surface of the catheter 
tips. The morphology of the nucleated cells was round 

in the subcutaneous fat layer.

2.4. PIVC collection 

PIVCs removed by the medical staff were collected. 
All catheters used in the target ward were Sure Shield 
Surflow II® (Terumo Corp., Tokyo, Japan). The catheter 
material was Teflon®, and the length was 19-25 mm. 
PIVC tips removed by a nurse (or researcher) were cut 
off at the base of the catheter with scissors, immersed 
in 1 ml RNAlater® (Sigma-Aldrich Corp., MO, USA), 
and subsequently stored at -20℃.

2.5. HE Staining

The catheter tips were removed from the RNAlater and 
cut into two pieces longitudinally through the center 
of the tips. Both pieces of the catheter tip were placed 
in hematoxylin (Muto Pure Chemicals, Tokyo, Japan) 
for 2 minutes. Next, the pieces of the catheter were 
transferred to tap water and washed 5 times. Following 
incubation in hot water (55℃) for 10 minutes, the 
catheter pieces were transferred to eosin (Muto Pure 
Chemicals Corp. Tokyo, Japan) for 10 seconds. Finally, 
the catheter pieces were dehydrated with a series of 
ethanol washes (90%, 100%, 100%, and 100%), and 
stored in 100% ethanol. The pieces of the catheter tips 
were placed in a droplet of glycerin and observed with 
an optical microscope.

2.6. Real time reverse transcription polymerase chain 
reaction (real-time RT-PCR)

Total RNA was extracted using a RNeasy Plus Mini 
Kit (QIAGEN, Venlo, Netherlands). The pieces of 
the catheter tips were immersed in a lysis buffer and 
flushed repeatedly with a 25 G needle. Next, RNA was 
extracted according to the manufacturer's instructions. 
Reverse transcription was carried out by the TM100TM 
Thermal Cycler (Bio-Rad, Hercules, CA) and the High 
Capacity cDNA Reverse Transcription Kit (Thermo 
Fisher Scientific, Waltham, MA). Real-time RT-PCR 
was performed with a real-time PCR system (Agilent, 
Santa Clara, CA) and TaqMan Gene Expression assays 
(Thermo Fisher Scientific) for tumor necrosis factor α 
(TNF), interleukin-1β (IL1B), serpin family E member 
1 ((SERPINE1) plasminogen activator inhibitor 1), 
and tissue plasminogen activator (PLAT). IL1B and 
TNF were biomarkers for inflammation, and PLAT 
and SERPINE1 were biomarkers for thrombosis. As 
an internal standard, 18S ribosomal RNA (rRNA) was 
simultaneously amplified. Each reaction was performed 
in triplicate. 
 At first, the amplifications were qualitatively 
evaluated. Samples showed typical amplification curves, 
and any cycle threshold (Ct) values were considered as 
"detected". Samples with Ct values of 35 or lower were 
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in shape, suggesting that they were white blood cells 
(Figure 1).

3.3. Expression analysis 

Expression of 18S rRNA, an internal standard, was 
examined by real-time RT-PCR. All samples showed 
the specific amplification curves and their Ct values 
less than 35. The median (interquartile) Ct value of 18S 
rRNA were 22.4 (19.7-24.5) and 24.5 (20.6-27.9) in CF 
and NO-CF groups, respectively (p = 0.06). 
 The expression of target genes was qualitatively 
evaluated (Figure 2). The proportion of the detected 
samples for TNF, IL1B, SERPINE1, and PLAT was 

75% (42/56), 94.6% (53/56), 98.2% (55/56), and 19.6% 
(11/56), respectively. The proportion of the quantified 
samples for TNF, IL1B, SERPINE1, and PLAT was 
64.3% (36/56), 60.7% (34/56), 71.4% (40/56), and 7.1% 
(4/56), respectively.

3.4. Effects of the number of adhered cells on 
expression analysis

In order to confirm the effect of the number of adhered 
cells on the quantification of target gene expression, 
the number of adhered cells and the expression level of 
18S rRNA were compared between quantified and not 
quantified samples for TNF. The median (interquartile) 
numbers of adhered cells were 21.3 (19.7-23.2) and 
27.4 (25.3-29.0) in the quantified and the not quantified 
groups, respectively (p = 0.01). 

3.5. Comparison between the CF and No-CF groups

Tables 2 and 3 show the proportion of detected and 
quantified samples for the target genes, respectively. 
There was no significant difference in the proportion 
of detected samples for all genes between groups. The 
frequency of quantified samples was significantly high 
in IL1B and SERPINE1 and tended to be high in TNF 
in the CF group compared with those in the No-CF 
group. In other words, it suggests that whether a sample 
is quantified or not depends on the number of cells that 
can be collected. 
 The expression levels of target genes only in the 
quantified samples were compared between the CF and 

Figure 1. Hematoxylin-eosin staining of catheter tips. A few, round, nucleated cells (arrowheads) were observed among many 
enucleated cells. Two catheters are represented: A and B are images of one catheter, and C and D are images of another catheter. 
In A and B, many red blood cell aggregates and some cells with nuclei are present; B is an enlarged image of the broken line 
portion of A. Panels C and D show some cells adhering to the lumen of the catheter.

Table 1. Participants and PIVC characteristics

Items

Age; years*
Sex 
BMI*
History of present illness 
    Neoplasms 
    Digestive system 
    Certain infectious 
Diabetes 
Anticoagulant drug use
Catheter size
    22G
    24G
Catheter anatomical site (forearm)
Catheter dwell time*

n = 30

(12.0)
(56.7)
(3.2)

(60.0)
(83.3)
(13.3)
(30.0)
(13.3)

(73.3)
(26.7)
(93.3)
(32.0)

No-CF

69.8
17

22.6

18
25
4
9
4

22
8
28

65.0

N (%), * mean (SD). BMI: body mass index; CF: catheter failure; 
PIVC: peripheral intravenous catheters. 

n = 26

(12.0)
(50.0)
(3.7)

(53.8)
(76.9)
(3.8)
(26.9)
(3.8)

(84.6)
(15.4)
(96.2)
(27.4)

CF

68.3
13

22.3

14
20
1
7
1

22
4
25

53.6
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No-CF groups (Figure 3). The –ΔΔCt values of TNF 
expression were 1.24 ± 0.60 in the CF group and 0.0 ± 

0.57 in the No-CF group (p = 0.15). The –ΔΔCt values 
of IL1B expression were 0.90 ± 0.73 in the CF group and 
0.0 ± 0.68 in the No-CF group (p = 0.39). The –ΔΔCt 
values of SERPINE1 expression were 2.18 ± 0.60 in the 
CF group and 0.0 ± 0.63 in the No-CF group (p < 0.01). 
The –ΔΔCt values of PLAT expression were -8.15 ± 
6.04 in the CF group and 0.0 ± 0.66 in the No-CF group. 
Statistical analysis was not performed because only two 
samples were confirmed the expression of PLAT. 
 The risk factors for CF that have been identified in 
previous studies were compared between SERPINE1 
expression groups (Table 4). As a result, the catheter 
coming into contact with blood vessels during placement 
was suggested as a factor related to the high expression 
of SERPINE1 (p = 0.04) rather than any other patient 
characteristics.

4. Discussion

To the best of our knowledge, this is the first study to 

Figure 2. Amplification curve.

Table 3. The proportion of the quantified samples for 
target genes

Quantified

TNF
IL1B
SERPINE1
PLAT

CF 26 N (%)

  20 (76.9)
  20 (76.9)
  22 (84.6)
    2 (07.7)

No-CF 30 N (%)

  16 (53.3)
  14 (46.7)
  18 (60.0)
    2 (06.7)

CF: Catheter failure; TNF: tumor necrosis factor; IL1B: interleukin-1β; 
SERPINE1: serpin family E member 1; PLAT: plasminogen activator, 
tissue type. 

p value

0.066
0.021
0.042
0.882
χ2 test

Table 2. The proportion of the detected samples for target 
genes

Detected

TNF
IL1B
SERPINE1
PLAT

CF 26 N (%)

22 (84.6)
26 (100.0)
26 (100.0)
  6 (23.1)

No-CF 30 N (%)

20 (66.7)
27 (90.0)
29 (96.7)
  5 (16.7)

CF: Catheter failure; TNF: tumor necrosis factor; IL1B: interleukin-1β; 
SERPINE1: serpin family E member 1; PLAT: plasminogen activator, 
tissue type. 

p value

0.112
0.097
0.348
0.547
χ2 test

Figure 3. Comparison of expression levels of target genes 
between the catheter failure (CF) and No-CF groups. Data 
are presented as means ± Standard Division of –ΔΔCt. *p < 0.05.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(5):280-287.285

biologically analyze the extracted PIVC. Our results 
suggest that catheter tips are a potential resource for 
biological investigation, and expression analysis of the 
attached cells can reflect the pathological condition 
of the catheterized tissue. Further studies using 
catheter tips are required to elucidate the molecular 
mechanisms of CF. Furthermore, we performed an 
analysis of SERPINE1, which was related to CF. These 
results suggested that in cases with high expression of 
SERPINE1, the catheter may stimulate the blood vessel 
wall by coming in contact with it. Keeping this in mind 
could be useful when considering future CF precautions. 
 There were three main findings from this study. The 
first finding was the presence of the attached human-
derived cells on the inside surface of the removed 
catheter tips. Prior research has reported that blood in 
the lumen of the catheter is coagulated at the catheter 
tip if there is no infusion (23). In particular, it has 
been shown that backflow of blood occurs owing to 
the locking procedure performed when the catheter 
use is interrupted (24-26). In the wards covered in this 
study, a needleless connector was used to connect the 
infusion tube, and a positive pressure heparin flush was 
performed at least once every 24 hours. Nevertheless, 
HE staining and the amplification of 18S rRNA indicated 
the adherence of abundant enucleated erythrocytes and 
nucleated cells on the inner surface of tips even in the 
No-CF catheters. 
 Secondly, analysis of the cells attached to the 
removed catheter showed that SERPINE1 mRNA, 
which is an inhibitor of thrombus removal, was highly 
expressed in the CF group as compared to the No-
CF group. Although this mRNA may be derived from 
vascular endothelial cells, we believe that the most 
likely candidate may be derived from monocytes (27). 
SERPINE1 is expressed by various kinds of cells, 
including endothelial cells, monocytes, hepatocytes, 
granulosa cells, and vascular smooth muscle cells, and 

inhibits the activities of urinary-type and tissue-type 
plasminogen activators (28). Performing catheterization 
is foreign to the human body, and the coagulation 
reaction is caused by disturbance of all three factors 
of Virchow's triad (29). Especially in the distal end of 
the catheter, a fibrin sheath is formed. Erythrocytes 
and monocytes are entangled by the fibrin sheath, 
and thrombus is formed. In this study, the monocytes 
may express SERPINE1 and may inhibit thrombus 
removal and promote thrombus formation. A significant 
difference was not detected between IL1B and TNF, 
as hypothesized by the present study. This may be 
owing to the fact that vascular endothelial cells and 
surrounding tissues could not be collected. Vascular 
endothelial cells and surrounding tissues should have 
been in contact with the catheter, but it is thought that 
these were scraped off in the catheter removal process. 
PALT is a marker closely related to SERPINE1 (30,31), 
but its expression was not observed in most samples 
in this study. This may be owing to PALT being tissue 
derived rather than monocyte derived. In the future, it 
may be better to verify the chemotactic factors of MF 
and monocytes as inflammation markers. 
 Finally, CF associated with the expression of 
SERPINE1 was analyzed. The catheter being in contact 
with blood vessels during placement was suggested to 
be a factor related to high expression of SERPINE1 (p = 
0.04). Mechanical stimulation of the blood vessel wall 
by a catheter is a risk factor for CF that has been pointed 
out in our previous studies (32). It is suggested that 
inflammation by simulation occurs when the tip of the 
catheter contacts the vascular endothelial cells (33). This 
study suggested that neutrophils were more aggregated in 
the fibrin sheath, causing coagulation to progress further. 
 Some studies have been conducted in the past to 
detect infection using removed catheters. We believed 
that our method by real time RT-PCR would contribute 
to the detection of coagulation. As mentioned in the 

Table 4. The proportion of the quantified samples for target genes

Items

Age (y)
Sex (male)
BMI
Disease (digestive system disease)
Disease (neoplastic)
Oral administration of anticoagulant
Part (forearm)
Gauge (22G)
Heparin lock time more than 12 hours
Irritant drug 
Antibacterial drug
Total dose of drug solution (mL)
Heparin lock total time (h)
Contact with the blood vessels by catheter
Blood vessel diameter

No-CF with SERPINE1 < 1
mean/n

63.5
8

21.6
11
9
3
12
9
9
1
5

2,165.0
36.5

0
2.45

n = 12
(SD)/(%)

  (12.8)
  (66.7)
    (3.1)
  (91.7)
  (75.0)
  (25.0)
(100.0)
  (75.0)
  (75.0)
    (8.3)
  (41.7)

(2,179.8)
  (26.0)
    (0.0)
    (1.0)

CF: catheter failure; SERPINE1: serpin family E member 1; BMI: body mass index.

CF with SERPINE1 > 1
mean/n

65.6
9

21.8
12
8
1
13
13
12
3
9

2,464.9
20.8

4
2.55

n = 14
(SD)/(%)

(15.3)
(64.3)
  (3.1)
(85.7)
(57.1)
  (7.1)
(92.9)
(92.9)
(85.7)
(21.4)
(64.3)

(3,121.6)
(17.7)
(28.6)
  (0.8)

  p

0.71
0.90
0.89
0.89
0.91
0.21
0.89
0.21
0.24
0.36
0.25
0.78
0.09
0.04*
0.79
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background section, we performed ultrasonography 
just before catheter removal to detect the etiology of 
catheter failure. This allowed real-time assessment and 
direct observation of the blood vessel; however, it may 
be difficult to conduct ultrasonography at night or in 
situations where removal is urgent. In such situations, 
conventional analysis is useful to detect the etiology of 
CF. Our suggested technique might be useful to evaluate 
new vascular access devices, fixation devices, or other 
medical devices. 
 This study showed that it is possible to elucidate a 
biological cause of CF. Furthermore, real-time RT-PCR, 
using cells extracted from catheters after removal, may 
be a useful new method to evaluate peripheral venous 
catheters. Our findings suggest that catheter contact is 
related not only to inflammation but also to coagulation. 
This result will be useful for devising and evaluating 
future measures to prevent CF in clinical nursing. The 
prevention of mechanical stimuli for the prevention of 
CF has been advocated in recent years (32-34). Since 
this study suggested that the catheter tip has an effect 
on the blood vessel wall and coagulation, it may be 
advisable that clinical nurses need to pay attention to the 
fixation of the catheter for confirmation. Confirmation 
of catheter position by ultrasonography is likely to be 
effective for the prevention of CF, and future clinical 
application is expected. 
 There were limitations to the variations of clinical 
samples dealt with in this study, and only one type of 
catheter was used. In order to extrapolate these results, 
it is necessary to consider the type and coating of the 
catheter. Furthermore, peripheral intravenous catheter 
infections have been reported (35) and may have been 
associated with CF. However, we did not include 
cases in which the target catheter was diagnosed as 
an infection source. Factor analysis of SERPINE1 
expression in this study could not be performed using 
multivariate analysis owing to the small sample size. 
However, a relationship between SERPINE1 and vessel 
wall contact can be suggested because this was not 
related to patient factors such as oral anticoagulant 
administration or age. 
 Our findings suggest that catheter tips are a potential 
resource for biological investigation, and expression 
analysis of the attached cells can reflect the pathological 
condition of the catheterized tissue. This result 
implicates the involvement of SERPINE1 in drip failure 
and pain as a new pathological condition. In addition, 
the etiology of SERPINE1 expression was suggested 
to be mechanical stimulation by the catheter coming 
into contact with the vessel wall. Further studies using 
catheter tips are required to elucidate the molecular 
mechanisms of CF. 
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1. Introduction

Paclitaxel, a taxane, is frequently administered 
intravenously as an anticancer agent because there 
is published evidence that weekly administration of 
paclitaxel after a standard adjuvant chemotherapy 
regimen improves disease-free and overall survival in 
women with breast cancer (1). Needless to say, clinical 
nurses must take precise care to avoid extravasation 
during administration of vesicant drugs, including 

paclitaxel.
 Extravasation is the process by which any liquid 
accidentally leaks out of a blood vessel into the 
surrounding tissue. Specifically, in the context of 
cancer therapy, extravasation refers to the inadvertent 
infiltration of chemotherapy agents into the subcutaneous 
or subdermal tissues surrounding an intravenous or 
intra-arterial administration site (2). Such inadvertent 
infiltration of vesicant anticancer agents (e.g., taxanes) 
can cause adverse events such as tissue necrosis or 
induration in the region of catheter placement (3-5). 
The reported incidence of extravasation varies greatly 
because there is no shared register of chemotherapy 
extravasation events; however, several studies have 
been published, most of which have reported that the 
incidence of extravasation is greater with paclitaxel than 

Summary Paclitaxel, a taxane, is frequently administered intravenously as an anticancer agent. 
When a peripheral intravenous catheter is used for paclitaxel infusion, clinical nurses often 
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with other taxanes (6,7).
 Therefore, maximal detection and assessment of 
abnormalities suggestive of extravasation is required 
to better manage administration of taxanes, especially 
paclitaxel. When a peripheral intravenous catheter is 
used for paclitaxel infusion, clinical nurses often observe 
phenomena such as slight swelling, lack of blood return 
and resistance to infusion at the catheter placement site. 
The causes of such phenomena at the puncture site have 
not yet been clearly elucidated except for identification 
of extravasation and flare reactions; whereas systemic 
adverse effects of taxane chemotherapy such as arthralgia 
and myalgia have been better documented (8-11). There 
remains a lack of data concerning subcutaneous tissue or 
vessel damage in patients undergoing taxane infusion at 
the catheter placement site because these adverse effects 
cannot be directly observed. We may know the cause 
of phenomena such as lack of blood return or resistance 
to infusion, if we can observe directly the subcutaneous 
tissue, blood vessel and placed catheter.
 We therefore implemented ultrasonography, which 
has the advantages of being non-invasive, providing real-
time information, and being easy to use in the clinic, to 
enable visualization of subcutaneous tissues and veins 
(12,13). We visualized the puncture sites for infusion 
therapy with ultrasonography and examined the tissues 
surrounding the catheterized veins (14,15), to determine 
whether ultrasonography would enable early detection 
of subcutaneous abnormalities, even in patients who had 
completed treatment and had no symptoms or visible 
evidence of such abnormalities.
 I t  has  recen t ly  been  shown in  Japan  tha t 
conventional-TC (paclitaxel with carboplatin every 3 
weeks) and dose dense TC (dose-dense paclitaxel once 
a week in combination with carboplatin every 3 weeks) 
are effective regimens for paclitaxel administration 
(16). The target hospital also adopted these regimens. 
Therefore, we obtained typical ultrasonography images 
of subcutaneous tissues and veins of patients undergoing 
paclitaxel and carboplatin chemotherapy and compared 
images obtained immediately before catheter removal 
with those of patients receiving other types of taxane-
based chemotherapy.

2. Materials and Methods

2.1. Study design and setting

We did cross sectional observational study of 
patients (over 20 years old) undergoing taxane-based 
chemotherapy through a peripheral intravenous catheter 
in a chemotherapy unit for outpatients in a university 
hospital in Japan, from February to October 2015.

2.2. Ultrasound scanning technique 

We visualized venipuncture sites by ultrasonography 

before catheter insertion and immediately before 
catheter removal. We evaluated the subcutaneous 
tissues around the relevant vein using portable 
ultrasonography equipment (Noblus; Hitachi, Tokyo, 
Japan) with a linear-array transducer (5-18.0 MHz) 
under the following conditions: echo gain, 25 dB; 
dynamic range, 65 dB; and focus range and image 
depth, 1.5-2.5 cm to show the catheterized vein clearly. 
In this study, one well-trained researcher performed all 
ultrasonographic examinations and identified all visible 
subcutaneous-edema related manifestations and another 
ultrasonographer with more than 20 years of experience 
evaluated the ultrasonography images. We defined 
subcutaneous edema as a cobblestone-like pattern in the 
subcutaneous fat layer on ultrasound images (14,15).

2.3. Study procedure

Characteristics of participants (age, sex, body mass 
index, and site of cancer) were collected from medical 
records. In macroscopic observation, a clinical nurse 
and researcher made the judgment of signs (swelling 
and redness). The information was classified into 
three types of taxane-based chemotherapy (paclitaxel 
and carboplatin, docetaxel, and nab-paclitaxel 
chemotherapy) and showed. Also, we described one 
conventional-TC case as representative case.

2.4. Ethical considerations

This study was approved by the Research Ethics 
Committee of the Graduate School of Medicine, The 
University of Tokyo (No. 10712). All participants 
were informed about the purpose of the research and 
methods of this study and advised that they were free 
to withdraw their consent at any time. The researchers 
obtained written consent from all participants before 
enrollment in the study.

3. Results and Discussion

3.1. Characteristics of participants

Table 1 shows the characteristics of the patients 
undergoing  chemotherapy.  The  s tudy  cohor t 
comprised 24 patients, including seven patients 
undergoing paclitaxel and carboplatin chemotherapy, 
eight undergoing docetaxel chemotherapy, and nine 
undergoing nab-paclitaxel chemotherapy. Patients 
undergoing paclitaxel and carboplatin chemotherapy 
received more doses of taxanes over a longer infusion 
time (average dose of taxanes 206.4 ± 79.4 mg and 
duration 2.5 hours or 1.0 hour) than those receiving the 
other two types of taxane-based chemotherapy (105.5 
± 18.5 mg, 1.0 hour, and 185.6 ± 67.2 mg, 0.5 hour, 
respectively) (Table 1). One patient (paclitaxel and 
carboplatin chemotherapy group) was needed catheter 
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In comparison, we observed no such changes in the 
subcutaneous tissues in patients receiving the other 
two types of chemotherapy (B1, B2, C1, C2). The 
vessel lumens were clearly visible (anechoic area) in 
images obtained both before and after administration of 
docetaxel or nab-paclitaxel (B2, C2). 
 Table 2 shows our findings concerning subcutaneous 
edema and related visible manifestations. We observed 
neither subcutaneous edema nor related visible 
manifestations around the puncture sites of patients 
receiving docetaxel or nab-paclitaxel, whereas all 
patients receiving paclitaxel and carboplatin showed 

placement again, because extravasation occurred due 
to pulling out catheter accidentally with moving to 
the toilet. All other patients were able to complete 
administration of anticancer agents.
 Figure 1 shows typical transverse ultrasound images 
of puncture sites. We observed severe subcutaneous 
edema after administration of paclitaxel and carboplatin 
(A2) in patients who had no detectable edema before 
the infusion (A1). The catheter tip was characteristically 
visible but the vein not clearly identifiable because 
of compression by the edema and the absence of an 
intraluminal anechoic area around the catheter (A2). 

Table 1. Demographic characteristics and anticancer agents

Items

Age (years)
Sex / female
Body mass index (kg/m2)
 Cancer

 Anticancer agents

Dose of taxanes (mg)
Drip rate of taxens (mL/h)
Drip time of taxens

Paclitaxel and Carboplatin (n = 7)

59.3 ± 12.4
7 (100.0)
19.2 ± 3.3
Ovary, 4 (57.1)
Uterine, 3 (42.9)
PTX + CBDCA, 6 (85.7)
PTX + CBDCA + BEV, 1 (14.3)

206.4 ± 79.4
225.7 ± 44.3
2.5 hours, 5 (71.4)
1.0 hour, 2 (28.6)

Docetaxel (n = 8)

60.9 ± 12.7
5 (62.5)
22.3 ± 2.6
Breast, 5 (62.5)
Prostate, 3 (37.5)
DOC, 5 (62.5)
DOC + CPA, 2 (25.0)
DOC + PER + TRA, 1 (12.5)
105.5 ± 18.5
280.0 ± 0.0
1.0 hour, 8 (100.0)

Mean ± SD or n (%). PTX; paclitaxel, CBDCA; carboplatin, BEV; Bevacizumab, DOC; docetaxel, CPA; cyclophosphamide, PER; pertuzumab, 
TRA; Trastuzumab, Nab-PTX; nab-paclitaxel, GEM; gemcitabine.

Nab-paclitaxel (n = 9)

62.1 ± 8.6
5 (55.6)
21.9 ± 2.9
Pancreas,7 (77.8)
Breast, 2 (22.2)
Nab-PTX + GEM, 7 (77.8)
Nab-PTX, 2 (22.2)

185.6 ± 67.2
75.6 ± 26.1
0.5 hour, 9 (100.0)

Figure 1. Ultrasound images of veins and subcutaneous tissues at puncture sites of patients undergoing three types of 
taxane-based chemotherapy. Transverse ultrasound images of puncture sites obtained before catheter insertion (A1, B1, C1) 
and after administration (before catheter removal: A2, B2, C2). Arrowheads indicate the catheterized vein and allow indicate the 
catheter tip; the catheter tip can be seen as two bright points in the vein. Subcutaneous edema is visible around the catheterized 
vein in the area circled by a dotted line in a patient undergoing paclitaxel and carboplatin administration (A2).
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ultrasonographic evidence of subcutaneous edema at their 
puncture sites after administration of these chemotherapy 
agents. Furthermore, we encountered clinical problems 
such as lack of blood return, difficulty in continuing 
the infusions, and swelling during administration of 
paclitaxel and carboplatin. Only one patient who received 
this regimen did not show macroscopic symptoms. 
Extravasation occurred in one patient, necessitating 
reinsertion of the catheter to complete the chemotherapy.

3.2. Representative case: conventional-TC (paclitaxel 
with carboplatin every 3 weeks)

A 79-year-old woman with ovary cancer developed 
severe subcutaneous edema around her puncture site 
after paclitaxel and carboplatin administration (Figure 
2). The nurse had inserted a 24G peripheral intravenous 
catheter into a forearm vein. There were no visible 
abnormalities at the puncture site during pre-medication 
and paclitaxel infusion (paclitaxel 80 mg + natural 
saline 250 mL, 280 mL/h for one hour). However, no 

return of blood occurred when a nurse tried to exchange 
the infusion bags from paclitaxel to carboplatin. 
The nurse determined that the catheter appeared to 
be correctly positioned in the vein; however, the 
catheter tip may have been touching the vein wall. 
The nurse shifted the catheter tip a little after peeling 
off the dressing. After adjustment, return of blood was 
achieved, enabling complete administration of the 
carboplatin infusion without reinsertion. An ultrasound 
image after administration showed severe subcutaneous 
edema (D1, D2), compressing the catheterized vein 
and thus likely causing a lack of blood return in the 
absence of any visible manifestations or pain (D3). 
Ultrasonography confirmed that the tip of the catheter 
had not dislodged from the vein. 

These findings indicate that ultrasonography can identify 
subcutaneous edema after administration of taxane in 
patients without visible manifestations or symptoms 
other than a lack of blood return. Also, paclitaxel may 
cause subcutaneous edema at the infusion site. Such 

Figure 2. Ultrasound images and a photograph of the puncture site of a 79-year-old female patient. Transverse images (D1-
1, D2-1) and longitudinal images (D1-2, D2-2) at puncture sites obtained before catheter insertion and after administration (before 
catheter removal). Arrowheads indicate the catheterized vein and allow indicate the catheter tip; the catheter tip can be seen as 
two bright points and lines in the vein. Subcutaneous edema is visible around the catheterized vein in the areas circled by dotted 
lines (D2-1, D2-2). Clinical image of the insertion site taken with a digital camera (D3).

Table 2. The subcutaneous edema observed by ultrasonography and macroscopic symptoms

Items

Subcutaneous edema
(ultrasonographic observation)
Macroscopic symptoms

Paclitaxel and Carboplatin (n = 7)

7 (100.0%)

Lack of blood return + difficulty of drip + swelling, 2 (28.6%)
Lack of blood return + difficulty of drip, 1 (14.3%)
Slight swelling, 3 (42.9%)
No symptoms, 1 (14.3%)

Docetaxel (n = 8)

0 (0.0%)

No symptoms, 
8 (100.0%)

Nab-paclitaxel (n = 9)

0 (0.0%)

No symptoms, 
9 (100.0%)
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edema may compress the vein, leading to a lack of blood 
return and difficulty in continuing the infusion.
 All seven study patients who underwent paclitaxel 
and carboplatin chemotherapy showed subcutaneous 
edema after their infusions, whereas we identified no such 
changes in the ultrasound images of patients receiving 
docetaxel or nab-paclitaxel chemotherapy. Paclitaxel, 
docetaxel and nab-paclitaxel are classified as the same 
taxane; however, the preparations incorporate different 
vehicles. The vehicle comprises polyethoxylated castor 
oil and anhydrous ethanol in paclitaxel infusions (10). 
This vehicle reportedly often causes hypersensitivity 
and vascular irritability (17,18). In comparison, 
polyethoxylated castor oil is not the vehicle for docetaxel 
and nab-paclitaxel. Some studies have reported that 
classifying taxanes (including paclitaxel) as vesicants 
is debatable and that there is insufficient evidence to 
formally classify antineoplastic agents according to their 
vesicant properties (6). In the current study, patients 
receiving paclitaxel and carboplatin received more doses 
of taxanes over a longer infusion time than did patients 
receiving docetaxel or nab-paclitaxel. The subcutaneous 
edema may have developed because of stimulation of the 
vessel wall by antineoplastic agents and/or their vehicle 
(polyethoxylated castor oil) during lengthy infusions; 
however, it is unclear whether the subcutaneous edema 
was attributable to the amount of taxanes or total 
administration time. Furthermore, it is noteworthy the 
vein may be compressed by subcutaneous edema when 
the nurses cannot achieve blood return.
 Also, there is a published report of a patient who 
presented with severe and progressive pain at the 
infusion site on day 11 after paclitaxel administration, 
despite having had no evidence of complications during 
the infusion (19). We, therefore, speculated that some 
changes can occur in the subcutaneous tissue and vein 
even when there are not significant visible abnormalities 
or symptoms by the end of chemotherapy. It is possible 
that ultrasound would provide more detailed information 
than the infiltration scale (15), including enabling 
detection of early slight extravasation. 
 Our findings indicate that stimulation by vesicant 
agents such as paclitaxel may cause subcutaneous 
edema at the infusion site. Such edema may compress 
the vein, leading to a lack of blood return and difficulty 
in continuing the infusion. Prevention of subcutaneous 
edema stimulated by vesicant agents and their vehicles 
may require consideration of varying the mode of 
venipuncture, for example, by choosing a larger vein and 
selecting a different catheter gauge. Furthermore, both 
the nurse and patient should be alert to the possibility 
of subcutaneous edema and inspect the infusion site 
repeatedly, since such edema may be present by 
the completion of infusion in the absence of visible 
manifestations or symptoms.
 Because this study was observational study and the 
number of subjects was small, we could not investigate 

the cause of the subcutaneous edema. However, the 
ultrasound findings reported here may be a key to further 
exploring the adverse events of paclitaxel. 
 In conclusion, we have here presented typical 
ultrasound images of the subcutaneous tissues around 
the catheterized vein after taxane administration and 
documented ultrasound evidence of severe subcutaneous 
edema immediately before catheter removal in the 
absence of significant visible manifestations or symptoms 
in patients undergoing paclitaxel and carboplatin 
chemotherapy but not in those receiving other taxane-
based chemotherapy regimens.
 Both subcutaneous edema stimulated by vesicant 
agents and their vehicles and early slight extravasation 
may be identified by clinical nurses by using 
ultrasonography.
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1. Introduction

Graham Little Piccardi Lassueur syndrome (GLPLS) 
was first described by Piccardi (1914) who reported 
a case with progressive cicatricial scalp alopecia 
associated with non-cicatricial alopecia of axillary and 
pubic areas and a follicular lichenoid eruption on the 
trunk and extremities. In 1915, Ernst Graham-Little 
also published a similar case observed by Lassueur, 
which he called 'folliculitis decalvans et atrophicans' (1). 
GLPLS is a rare variant of lichen planopilaris usually 
occurring in middle-aged Caucasian women (2-6). No 
pediatric case has been reported till date. Herein, we 
present a case of E/beta thalassemia with GLPLS and 
its classical triad of clinical features.

2. Case Report

A 15 year old girl presented with intermittent episodes 
of mild yellowish discolouration of eyes since 5 
years of age, each episode lasting 7-10 days which 

spontaneously disappeared without any medications 
only to recur 2 months later. These episodes happened 
several times, each of similar duration and symptom 
free intervals. Her mother noticed poor growth during 
this period compared to her siblings. Six months before 
presentation, she noticed multiple discrete small spiky 
black spots over the skin of epigastric region. The 
lesions gradually increased over the whole anterior 
abdominal wall within 2-3 months (Figure 1). There 
was associated scalp hair loss over the past 6 months 
with 2 small areas of baldness with distinct margin 
over left parietal region (Figure 2) and left posterior 
auricular region. A patchy lesion over medial aspect 
of right leg with distinct margin had also appeared 
progressively increasing in size over last 2-3 months. 
Antenatal and birth history were uneventful. She was 
developmentally appropriate and had good scholastic 
performance. She had not attained menarche and 
there was no development of her secondary sexual 
characters. She never required any hospitalization 
or any blood transfusions during this period. Topical 
steroid ointments were prescribed in the past but did 
not relieve her symptoms. On general survey, there was 
mild pallor and icterus. She was stunted and had no hair 
over the both axilla (Figure 3) and pubic region with no 
breast development. There were plenty of discrete black 
spiky elevated spots dispersed over whole anterior 
abdomen. There was 2 areas of alopecia areata over 
scalp and a 3 cm by 4 cm patchy lesion with distinct 

Summary Graham Little Piccardi Lassueur syndrome (GLPLS) is a rare dermatosis characterized 
by patchy cicatricial alopecia of scalp, rapidly developing keratosis pilaris like follicular 
papules over trunk and extremities, and noncicatricial loss of axillary and pubic hair. This 
syndrome which is mostly seen in middle aged post-menopausal females (between ages 30-
70) has rarely ever been described in the pediatric age group. We report a case of a 15 year 
old girl presenting to us with this rare syndrome.
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margin over the medial aspect of right leg. On systemic 
examination there was hepatosplenomegaly, both 
being 2 cm from costal margin, firm in consistency 
and nontender. Her laboratory reports showed a 
microcytic hypochromic anemia with haemoglobin 8 
g/dL, MCV-62 fl, MCH-18.4 pg, MCHC-24.7 g/dL, 
red cell distribution width-23.1%. Liver function tests 
showed total bilirubin was 2.32 mg/dL and conjugated 
fraction was 1.58 mg/dL with normal transaminases. 
Thyroid stimulating hormone level was 2.62 µIU/
mL. Haemoglobin electrophoresis was done in two 
occasions and showed haemoglobin F was 23-27.3%, 
haemoglobin A was 6.2-9.9%, haemoglobin A2+E 
was 49.8-54.8%. Haemoglobin electrophoresis of 
her mother showed haemoglobin E carrier and father 
showed beta thalassemia carrier. Our dermatology 
department diagnosed skin lesions over abdomen as 
Lichen planopilaris and leg lesions as lichen planus. 

Skin biopsy was taken from abdominal lesion showed 
perifollicular lymphocytic infiltrate with damage to 
follicular basal cells which is suggestive of lichen 
planopilaris (Figure 4).

3. Discussion

We report a pediatric case of E/beta thalassemia with 
GLPLS which has never been described before. This 
dermatosis which is a variant of lichen planus may 
have a human leukocyte antigen (HLA) induced T cell 
response behind its clinical expression (7). Rodríguez 
Bayona et al. reported autoantibodies against Inner 
Centromere Protein INCENP, a protein responsible for 
chromosomal segregation and mitosis regulation, in one 
patient with GLPLS (8). 
 Though typically sporadic and nonfamilial, one case 
of familial pattern has been described (7), an association 
with hepatitis B vaccination (9) and a phenotypically 
female (genetically XY) patient with androgen 
insensitivity syndrome (testicular feminization) have 
also been reported (10). Our patient, however, did not 
receive any hepatitis B vaccination in the past. We 
performed abdominal ultrasound to confirm the female 
phenotype but karyotyping was not done as we lost the 
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Figure 1. Multiple discrete black spiky elevated lesions 
over skin of abdomen.

Figure 2. Cicatricial scalp alopecia over left parietal 
region.

Figure 3. Bilateral loss of axillary hair. 

Figure 4. Microscopic findings. Skin biopsy showed 
perifollicular lymphocytic infiltrate with damage to follicular 
basal cells which is suggestive of lichen planopilaris.
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patient to follow up. 
 In early lesions of lichen planopilaris there is 
perifollicular lymphocytic infiltrate at the level of 
isthmus and infundibulum, along with vacuolar changes 
of the outer root sheath. Progression of disease shows 
perifollicular fibrosis and epithelial atrophy at the 
level of isthmus and infundibulum which gives rise to 
a characteristic hourglass configuration. In advanced 
cases there is alopecia with vertically oriented elastic 
fibers that replace the destroyed hair follicles. Similar 
findings were seen in our case. End stage scarring 
alopecia without any visible hair follicle is called 
pseudopelade of Brocq (11).
 Topical and systemic glucocorticoids, retinoids, and 
PUVA (psoralen and ultraviolet A) photochemotherapy 
have not shown to halt progression of the disease. 
Treatment with cyclosporine (4 mg/kg/day) has shown 
improvement in erythema, hyperkeratotic papules, and 
induction of partial hair growth in previous reports 
(12,13). In some cases improvement with thalidomide 
have also been described (14,15).

4. Conclusion 

The main aim of reporting this rare case is to make 
the clinicians aware of the occurrence of this rare 
syndrome in pediatric age group. If a patient presented 
with progressive cicatricial scalp alopecia associated 
with non-cicatricial alopecia of axillary and pubic areas 
and a follicular lichenoid eruption on the trunk and 
extremities then clinician should suspect GLPLS. 
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associated with the development of sudden chest pain due to 
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1. Introduction

Cardiac involvement is rare in patients with collagen 
diseases; however, this is a serious condition when 
it does occur. Myocardial injury with systemic 
sclerosis (SSc) causes pericarditis and arrhythmia, and 
polymyositis-induced muscle inflammation causes 
myocarditis (1,2). We report a rare case of overlap 
syndrome (SSc and polymyositis) who presented with 
sudden chest pain secondary to myocardial fibrosis.

2. Case Report

A 20-year-old man presented with a 3-year history of 
Raynaud's phenomenon and fingertip ulceration in 
winter. He noticed muscle weakness 3 months prior 
to presentation to our hospital. Physical examination 
revealed pitting scars and skin sclerosis (modified 
Rodnan's total skin thickness score, 16). Manual muscle 
testing revealed normal results; however, we observed 
decreased grip strength (10 kg [right], 8 kg [left]) 
and myalgia in both thighs. Laboratory investigations 
revealed the following results: white blood cell count 

5,200 cells/mm3, serum creatine kinase 763 IU/L (59-
248 IU/L), aldolase 15.3 IU/L (2.7-7.5 IU/L), anti-
Smith antibody 3.6 IU/mL (< 10 U/mL), anti-U1 
ribonucleoprotein antibody > 550 IU/mL (< 10 U/mL). 
Biopsy of the skin of the forearm showed edematous 
and increased collagen fibers in the dermis, and these 
findings were compatible with SSc (Figure 1A). Muscle 
biopsy of the biceps brachii revealed dense and diffuse 
perivascular lymphocytic infiltration (Figure 1B). Chest 
computed tomography (CT) revealed mild interstitial 
pneumonia in the basal segments of the lungs. We 
diagnosed him with overlap syndrome (diffuse 
cutaneous SSc and polymyositis) and treated with 
oral prednisolone (0.5 mg/kg/day, 35 mg/day). On the 
first day of oral steroid therapy, he developed sudden 
chest pain and dyspnea. Electrocardiography (ECG), 
echocardiography (UCG), and coronary CT revealed 
no abnormalities. However, the serum troponin T level 
was 0.0427 ng/mL (< 0.014 ng/mL), and serum brain 
natriuretic peptide (BNP) was 55.9 pg/mL (< 18.4 ng/
mL). Cardiac magnetic resonance imaging (MRI) 
revealed that the extracellular volume fraction (ECV) 
was 35% (normal range 20-30%), and the value of 
native T1 mapping at the left ventricular wall was 
1,320 ms (normal range approximately 950 ms). These 
findings indicated significant myocardial fibrosis (not 
myocarditis). Based on the aforementioned findings, 
we concluded that his chest symptoms were secondary 
to myocardial fibrosis caused by SSc. This symptom 

Summary Myocardial injury with systemic sclerosis (SSc) causes pericarditis and arrhythmia, and 
polymyositis-induced muscle inflammation causes myocarditis. We report a rare case of 
overlap syndrome (SSc and polymyositis) who presented with sudden chest pain secondary 
to myocardial fibrosis. Although the etiology of chest symptoms in collagen disease was 
difficult to identify, cardiac magnetic resonance imaging (MRI) revealed not myocarditis 
but myocardial fibrosis in our case. Synthetic judgement of serum brain natriuretic peptide/
troponin T levels and cardiac MRI is useful in the search for the cause of chest symptoms 
even in patients with collagen diseases.
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disappeared spontaneously within 4 hours. Follow-
up cardiac MRI performed 9 months later showed 
improved ECV and native T1 values.

3. Discussion

Serum BNP and troponin T levels are useful predictors 

of myocardial injury in patients with SSc (3,4). Our 
patient showed the elevation of both serum BNP and 
troponin T levels. To our knowledge, this is a rare 
case report that describes overlap syndrome (SSc 
and polymyositis) with sudden onset of chest pain 
secondary to myocardial fibrosis. The exact etiology 
of chest symptoms (SSc and/or polymyositis) was 
difficult to identify because ECG and UCG may not 
accurately identify abnormalities in conditions that 
may be clinically indistinguishable, as was observed 
in our patient. We dermatologists must recognize that 
synthetic judgement of serum BNP/troponin T levels 
and cardiac MRI is useful in the search for the cause of 
chest symptoms even in patients with collagen diseases.
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Figure 1. (A) Swollen and increased collagen fibers in the 
dermis. (B) Dense and diffuse infiltration of lymphocytes 
around vascular wall in the muscle.
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