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ABSTRACT
Background: Nobiletin is contained in
Shiikuwasa fruit, a popular citrus fruit from
Okinawa Prefecture in Japan. Nobiletin
reportedly acts as a strong antioxidant, an
anti-inflammatory agent, and an anti-cancer
agent, and it suppresses the expression of TF
which triggers blood coagulation. However,
in vivo verification of in vitro reports is
necessary. This study used a rat model of LPSinduced microthrombosis based on the in vivo studies as previously reported. Sustained intravenous injection of
LPS changed all blood coagulation indicators in the direction of thrombus formation. The aim of this study was to
determine if intake of nobiletin could suppress DIC-like symptoms.
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Methods: Experimental SD rats were fully anesthetized and fixed to an operating table. Either LPS alone or
nobiletin (50 mg/kg) plus LPS was given to rats to investigate the repressive effects of nobiletin on the expression
of blood coagulation factors.
Results: After 4 h of LPS infusion (12.5 mg/kg/h, i.v.), PLT counts and Fbg levels in rat plasma decreased by 80%
and 74%, respectively. PT and APTT were extended by 180% and 256%, respectively. TF activity and PAI-1 antigen
levels were remarkably increased (54- and 86-fold, respectively vs. control). Pretreatment on nobiletin (50 mg/kg,
p.o.) reduced or suppressed fluctuations in blood coagulation indices caused by LPS. TF activity was repressed
almost completely by nobiletin pretreatment. After 4 h, PAI-1 antigen levels in nobiletin-treated animals were
repressed 82.6% compared to LPS-treated rats. Nobiletin repressed LPS-induced changes in TF and PAI-1 more
effectively than other parameters. Further, nobiletin repressed fibrin thrombi

formation in the renal glomeruli

induced by LPS treatment.
Conclusions: Nobiletin was found to reduce LPS-induced DIC-like symptoms in rats. In the fluctuations of blood
indices related to the coagulation cascade, nobiletin suppressed the LPS-induced expression of PAI-1 and TF more
effectively than other indices. The binding sites of transcription factors that are activated by LPS-induced signals
reside in the promoter areas of TF and PAI-1 gene sequences. Thus, the suppression of TF and PAI-1 expression by
nobiletin appears similar to mechanisms previously evaluated during in vitro experiments. Importantly, nobiletin
repressed fibrin deposition in the renal glomeruli induced by LPS treatment and improved overall health. Nobiletin
may function as an anti-thrombogenic agent when ingested daily.
Keywords: nobiletin; LPS; DIC model; blood coagulation; anti-thrombogenic
©FFC 2020. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
License (http://creativecommons.org/licenses/by/4.0)

BACKGROUND
Disseminated

intravascular

coagulation

(DIC)

is

conditions [4].

characterized by systemic activation of the hemostatic

A common in vivo model of DIC is based on the

system and it is associated with high mortality in

infusion of thromboplastin or LPS into rats [5-6].

patients with sepsis [1-2]. Excessive coagulation

However, there are differences in the formation of DIC-

activation, inhibition of fibrinolysis and consumption of

like pathology between the two models. The fibrinolytic

coagulation inhibitors lead to a hypercoagulable state,

system predominates in thromboplastin-induced DIC

resulting in fibrin deposition in microvessels and

[7] whereas the coagulation system is predominant in

inflammatory reactions [3]. In septic shock, it is thought

the LPS-induced DIC model [8]. In addition, in the

that several inflammatory cytokines liberated from

thromboplastin model, coagulation factors directly

endothelial cells and monocytes or lipopolysaccharide

cause blood coagulation, whereas in the LPS model,

(LPS, endotoxin) released from Gram-negative bacteria

blood

play a major role in the formation of such pathological

coagulation adhesion factors. In the LPS model, the

coagulation

occurs

after

expression

of
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expressions of these coagulation factors are controlled

daily in food [15]. Therefore, we tested that hypothesis

with a signal transduction system in vascular

in rats by using the LPS-induced coagulation model

endothelial cells and monocytes after LPS binds to TLR4

because it involves the activation of transcriptional

on CD14+ cells [8-9].

factors and coagulation factors. Here we report that

Nobiletin (5,6,7,8,3´, 4´-hexamethoxyflavone) is a
polymethoxy flavonoid contained in the rind of citrus

nobiletin suppressed the changes of thrombotic indices
in the blood of LPS-treated DIC model rats.

fruits (Figure 1).
METHODS
Chemicals and Reagents: Nobiletin was a gift from Dr.
A. Ito [16]. Other reagents were purchased from Wako
Pure Chemical Industries Co. (Osaka, /Japan) unless
otherwise indicated.

Model of microthrombosis induced by LPS followed by
nobiletin administration: Rat models of LPS-induced

Figure 1. The structure of nobiletin

microthrombosis
It exhibits pharmacological effects, including antiinflammatory activity [10], as well as inhibition of tumor
proliferation, invasion, and metastasis [11-12]. In
addition, we previously reported that nobiletin was
expected to possess anti-coagulant effects through
repression of tissue factor (TF) [13] and thrombinactivatable fibrinolysis inhibitor (TAFI) expression [14].
However, all of these findings were obtained from in
vitro studies using cultured monocyte-like cells and
hepatocytes, and the actual effects in vivo were
unknown. Recently, it was reported that nobiletin
prevented arterial thrombosis in mice using a
fluorescein-induced platelet thrombi model [15]. We
were

interested

in

whether

nobiletin

actually

suppresses pathological blood coagulation reactions in
vivo.
Previously, our studies showed that nobiletin
repressed the expression of blood coagulation factors
through

transcriptional

inhibition

[13-14].

Consequently, we anticipated that nobiletin might be a
useful blood coagulation inhibitor when consumed

were

generated

as

reported

previously [5-6]. Six- to seven-week-old male SpragueDawley rats with body weights ranging from 200 to 250
g were obtained from Sankyo Laboratory Service (Tokyo,
Japan). Experiments were conducted in 5 animals per a
group. Rats were anesthetized by an intraperitoneal
injection of pentobarbital (50 mg/kg). Microthrombi
were induced by infusion of 12.5 mg/kg/h LPS
(Escherichia coli 0111:B4, Sigma, L2630) via the femoral
vein for 30 min. Nobiletin was administered orally 30
min before LPS infusion. The rats were sacrificed 4 h
after the beginning of LPS infusion, and blood samples
were collected. Experiments were performed in
accordance with the Guide for the Care and Use of
Laboratory Animals (NIH publication no. 85-23, 1996),
and were performed after receiving approval from the
ethics committee of Showa Pharmaceutical University.

Measurement of hematological parameters: Blood
samples were collected into tubes containing 1/10
volume of 3.8% sodium citrate for measurement of
platelet (PLT) count, fibrinogen (Fbg) concentration,
prothrombin

time

(PT),

activated

partial
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thromboplastin time (APTT), plasminogen activator

measured coagulation activity was confirmed to be due

inhibitor-1 (PAI-1) antigen and TF activity, or into special

to TF by negating the activity with anti-TF peptide E-76

tubes containing thrombin for measurement of fibrin

[19].

degradation products (FDP).

PLTs in the blood were

counted with a Coulter Counter model ZM (Beckman

Detection of histological change in the renal glomeruli

Coulter, Inc., Brea, CA). Fbg concentration, PT and APTT

in LPS-treated rat: The kidneys were excited and fixed

in plasma were determined by a coagulation time assay

in 10% neutral buffered formalin. Sections of the

using the Amelung KC-4A Micro (MC medical, Tokyo,

kidneys

Japan). Fbg concentrations were measured with

phosphotungstate / hematoxylin (PTAH) to detect fibrin

TriniCLOT ® Fibrinogen Kit (Kyowa Medex Co., Ltd. Tokyo,

thrombi [20].

were

histologically

stained

using

Japan). PPP was diluted with imidazol buffer in the kit
(1:10) and 60 µL of diluted PPP was warmed at 37℃ for

Statistical analysis: Data are expressed as the mean ±

2 min in the cuvette. Then, 30 µL of thrombin test

standard deviation (SD). Results were analyzed using

solution was added. The time of coagulation was

Student’s t-test, and statistical significance for all

determined automatically by the blood coagulation

comparisons was assigned at p < 0.05 or p < 0.01.

measuring system Amelung KC-4A Micro (MC medical,

The paired Student's t-test was used to determine

Tokyo, Japan). PT was measured with Nicoplastin®

significant differences in the occlusion time in mice.

(rabbit brain thromboplastin with calcium, Sanko Jun-

Differences between groups in other experiments were

yaku, Tokyo, Japan). PPP (100 µL) was warmed at 37℃

assessed using an analysis of variance.

for 1 min in the cuvette, and then 200 µL of Nicoplastin
solution was added. Coagulation time was measured by

RESULTS

KC-4A. APTT was measured with APTT test solution in

Measurement of PLT count: Activated PLTs adhere to

the Thrombo Check APTT® (Sysmex, Tokyo, Japan).

vascular endothelial cells, release coagulation factors,

APTT test solution (100 µL) was warmed at 37℃ for 1

and are involved in thrombus formation. The decrease

min in the cuvette, then 100 µL of PPP was added and

of PLT count reflects thrombus formation in circulatory

warmed at 37℃ for 2 min. The coagulation time after

system. The PLT count was markedly decreased by 80%

the addition of 0.1 mL of 0.02 M calcium chloride was

of control 4 h after LPS infusion (p < 0.01 vs control)

measured with KC-4A. PAI-1 antigen levels were

(Figure 2A). Nobiletin pre-treatment (50 mg/kg)

measured by sandwich ELISA using Assay Max® PAI-1

attenuated the LPS-induced decrease of PLTs in rat

ELISA Kit (Assay Pro, MO). FDP concentrations were

blood (p < 0.05 vs LPS).

measured by a latex agglutination FDLP test (Kyowa
Medex, Tokyo, Japan). TF procoagulant activities in

Fbg concentration: The decrease in Fbg occurs by

plasma were measured by a one-stage clotting assay, as

converting from Fbg to fibrin by thrombin and clearly

described previously [17-18]. TF procoagulant activities

shows developing thrombus formation in rat. Fbg

were quantitated by reference to standard curves (log-

concentration in rat plasma decreased 69% against

log plot) constructed with rabbit brain thromboplastin.

control level after LPS infusion, p < 0.01 vs control

One unit of activity was defined as a clotting time of 20

(Figure 2B). Nobiletin (50 mg/kg) attenuated the LPS-

s in a standard assay with normal rat plasma. The

induced decrease of Fbg in rat blood (p < 0.05 vs LPS).
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Figure 2. Nobiletin represses the decrease of PLT counts and Fbg in LPS-infused rats plasma. Rats were infused with LPS
(12.5mg/kg/h) for 2 or 4h. Control rats were infused with saline for 4h. Blood samples were collected into tubes containing a 1/10
volume of 3.8% sodium citrate. Platelets in the blood (A) were counted with a Coulter Counter. The content of Fbg in plasma (B)
were determined by a coagulation time assay. Experiments were conducted 3 animals per a group. Results are expressed as
percentages of control value and represent the mean from four independent experiments (n = 4). Significantly different among
each result was shown as * p < 0.05 or ** p < 0.01.

PT, APTT: The extension of PT or APTT is induced by the

(256%) than that of PT (180%) (Figure 3A, B). Nobiletin

abnormality of the external or the internal coagulation

(50 mg/kg) ameliorated the LPS-induced prolongation

system, respectively. Although both PT and APTT were

of PT and APTT in rat blood. However, significant

prolonged by LPS treatment, the prolongation of APTT

differences were not detected in either parameter (p =

was greater than that of PT (Figure 3A, B), and the

0.07 for PT; p = 0.13 for APTT).

extent of prolongation of APTT was more remarkable

Figure 3. Nobiletin represses the extension of PT and APTT in LPS-infused rats plasma. Rats were infused with
LPS (12.5mg/kg/h) for 2 or 4h. Control rats were infused with saline for 4h. Blood samples were collected into tubes
containing a 1/10 volume of 3.8% sodium citrate. PT (A), and APTT (B) in plasma were determined by a coagulation time
assay. Experiments were conducted 3 animals per a group. Experiments were conducted 3 animals per a group. Results
are expressed as percentages of control value and represent the mean with standard deviation (SD) from four independent
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* indicates a significant difference (p < 0.05).

TF activity: TF is known as a trigger of blood coagulation

PAI-1 antigen levels: PAI-1 antigen levels in plasma

cascade. TF activity was barely detected in normal rat

were scarcely observed 2 h after LPS treatment but

plasma. It was markedly increased to 5,375% of the

increased to 182% of normal level after 4 h (p < 0.01).

normal level after treatment with LPS for 4 h (p < 0.05).

The increase of PAI-1 induced stabilization of fibrin by

This result showed that the blood coagulation via the

the inhibition of plasmin. Nobiletin suppressed the

external coagulation system in rats was markedly

increase of PAI-1 expression 83% at 4 h (Figure 4B).

advance in this time. Nobiletin suppressed the increase
of TF activity in rat plasma 92% after 4 h (Figure 4A).

Figure 4. Nobiletin decreases TF activity and PAI-1 antigen levels in LPS-infused rats. Rats were infused with LPS
(12.5mg/kg/h) for 2 or 4h. Control rats were infused with saline for 4h. Blood samples were collected into tubes
containing a 1/10 volume of 3.8% sodium citrate. TF activity (A) was measured by a one-stage clotting assay.
Experiments were conducted using 3 animals per a group. PAI-1 antigen level in rat plasma (B) were determined by
ELISA. Results are expressed as percentages of control value and represent the mean with standard deviation (SD)
from four independent experiments (n = 4).

* indicates a significant difference (p < 0.05) or ** p < 0.01.

FDP concentration: FDP is known as a typical marker of

infusion of LPS caused formation of distinct thrombi in

fibrinolysis system activation. An increase in the FDP

the renal glomeruli. In PTAH staining nuclei and fibrin

concentration was observed 4 h after LPS infusion, but

are dyed blue. The fibrin thrombi were recognized in

it remained in the normal range (under 10 µg/mL)(data

glomerular capillaries of LPS treated rat (Figure 5B) as

not shown).

compared to control (Figure 5A). Nobiletin markedly
repressed fibrin deposition in the renal glomeruli

Histological study of microthrombi in kidneys of LPStreated rats: Histological staining for PTAH showed that

induced by LPS treatment (Figure 5C).
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C.

Figure 5. Nobiletin repressed microthrombi formation in LPS-infused rat kidney. Rats were infused with LPS
(12.5mg/kg/h) for 4h. Control rats were infused with saline for 4h. Rats were sacrificed, and the kidneys were excited and fixed in
10% neutral buffered formalin. Sections of the kidneys were histologically stained using phosphotungstate / hematoxylin (PTAH)
to detect fibrin thrombi using optical microscope (200 x). Pictures show the condition of rat renal glomeruli after different
treatment. Control (A), LPS (B), nobiletin + LPS (C), respectively. The renal glomeruli in each picture were indicated by red arrows.

DISCUSSION

than inhibiting the activity of coagulation factors once

We examined the inhibitory effects of nobiletin on DIC

activated.

by using an LPS-induced rat model of DIC. Departure

In previous study, we determined that TF was

from normal levels was observed after 4 h for all

expressed in leukocytes and vascular endothelial cells

examined blood coagulation parameters after LPS

through the activation of transcriptional factors

administration.

FDP

following 2 to 4 h exposure to LPS in vitro [13]. PAI-1

(fibrinolytic activation) did not increase significantly

antigen is expressed by leukocytes [21], endothelial

after LPS treatment at 4 h. This result confirmed that

cells [22], liver [23] and adipocytes [23] in a similar

this model is a DIC model with weak fibrinolysis as

fashion. On the other hand, PAI-1 is present in vascular

previously reported [5]. In nobiletin-administered rats,

endothelial cells [24] and platelets [25] and is released

LPS-mediated deviations from the normal levels were

to the blood following vascular endothelial damage and

suppressed or alleviated.

PLT disruption [25]. From our results, it appears that the

However,

the

amount

of

TF activity sharply increased by about 54-fold after
LPS treatment, but nobiletin suppressed most of the

increase in blood PAI-1 antigen is induced by release
from PLTs and activation of transcription in other cells.

increase (92%). In particular, the plasma PAI-1 antigen

The presented results seemed to reflect the

level was increased about 86-fold by LPS, but nobiletin

inhibition mechanisms that were shown in our previous

inhibited the increase by 83%.

in vitro studies. The original experiments showed that

The suppressive effects of nobiletin against LPS-

nobiletin inhibits transcription factors such as NF B, AP-

mediated indices such as TF and PAI-1 were higher than

1 and Sp1 in vitro [13]. The current experiments suggest

the effects against coagulation reactions such as PLT

that nobiletin also suppresses the expression of those

count, PT, APPT and Fbg. These findings suggest that

proteins as in vivo. Nobiletin was thought to suppress

nobiletin suppresses the activation of coagulation

the expression of TF and PAI-1 by efficiently suppressing

factors or reflects the suppression of the transcriptional

these transcriptional pathways (Figure 4). Therefore, it

activation of a protein that triggers coagulation rather

seemed that the LPS-induced DIC model used here was
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an appropriate model for investigating the effects of

structure and activity should be conducted. Such

nobiletin. However, it is not clear which signals have

research may lead to the development of new

been inhibited in the transcriptional activation pathway

anticoagulants of familiar food origin and the

by nobiletin, and additional research is required to

maintenance of people's health in the future.

answer that question. The thromboplastin-induced DIC
model may not show pronounced inhibitory effects of

CONCLUSION

nobiletin

Ingestion of nobiletin reduced LPS-induced DIC

because

intravascularly

and

it

is

blood

directly

administered

coagulation

reaction

proceeds promptly.

symptoms. At this time, the fluctuations of TF and PAI1 were more strongly suppressed than the fluctuations

We hypothesize that lifestyle-related diseases

of blood indices related to the coagulation reaction

involving thrombus formation could be reduced by

such as PLT count, PT, APTT, and Fbg. This is because the

inclusion of nobiletin in the diet. Nobiletin is extracted

inhibitory effect of nobiletin on the intracellular signal

from shiikuwasa (Citrus depressa Hayata, Rutaceae), a

transduction by LPS is stronger than the inhibitory

popular citrus fruit in Okinawa, Japan. Since nobiletin

effect on the activation of various proteases involved in

and other flavonoids are abundantly contained in the

the blood coagulation cascade.

peel of citrus fruit [26-27], it is likely that greater anti-

Based on the above, it was considered that nobiletin

thrombotic effects could be achieved if the juice

suppresses blood coagulation and maintains normal

containing peel were consumed together. The amount

blood flow through suppressing activation of the

of nobiletin used in this study was 50 mg/kg single dose.

transcription pathway of the protein that causes blood

In the case of humans at weight 50 kg, consuming this

coagulation, and as a result LPS-induced DIC symptoms

does equates to drinking with fruit juice made from 6 or

are alleviated.

7 fruits of shiikuwasa with a diameter of 1.2 inch. No
side effects or pathological changes were observed,

List of Abbreviations: DIC: disseminated intravascular

even following continuous administration for 7 days in

coagulation, LPS: lipopolysaccharide, PLT: platelet, PT:

a separate experiment in rat (data not shown).

prothrombin

In addition to traditional antioxidant activity, various

time,

APTT:

activated

partial

thromboplastin time, Fbg: fibrinogen, TF: tissue factor,

biological activities are attracting attention to flavonoid

PAI-1:

plasminogen

activator

inhibitor-1,

TAFIL:

compounds [28-29] and applications are expected. In

thrombin-activatable fibrinolysis inhibitor, FDP: fibrin

nobiletin, the 5, 6, 7, 8, 3', 4' positions are methoxy

degradation products, PRP: platelet-rich plasma, PPP:

groups, making it more lipophilic than if they were

platelet-poor plasma.

hydroxyl groups. It is currently unknown how these
characteristics affect the results presented here. It is
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