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ABSTRACT

Osteoarthritis (OA) is a progressive degradation of the cartilage
that is strongly linked to the inflammation, and resulting in pain,
stiffness, and loss of mobility. Currently, interventions aimed at
reducing inflammation, alleviating pain, and enhancing joint mobility
are recommend in patients with OA. Although intervention with
traditional acupuncture has been shown to reduce pain,
inflammation, and improve knee motion, the effects of acupuncture
added Sanyinjiao (SP6) point on pain, inflammation and knee motion
have never been investigated in patients with knee OA. Twenty-three
patients with knee OA were subjected to receive acupuncture added
SP6 twice a week for five weeks (totaling ten sessions). Patients were
assessed at baseline and after ten sessions of acupuncture added SP6
using knee range of motion measurement, modified Western Ontario
and McMaster Universities OA Index, numerical rating scale, and
systemic inflammation levels. After the end of treatment, the knee
pain was significantly reduced in patients when compared to baseline
(P < 0.001). Addition to improvement in knee pain, knee flexion and
extension also showed significant improved compared to baseline
(P < 0.001). Furthermore, the low-grade systemic inflammation
levels were decreased in patients when compared to baseline
(P < 0.001). Therefore, this is the first study to show that
acupuncture added SP6 point provides the beneficial effects on pain
and inflammation, improving knee motion in patients with knee OA.
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INTRODUCTION

The number of elderly people is gradually increasing worldwide. According
to a report from the World Health Organization, this number will increase by 1.4
to 2.1 billion people between 2030 and 2050 (Rudnicka et al., 2020).
Osteoarthritis (OA), a degenerative joint disease that belongs to the
musculoskeletal disorders, is among the top ten causes of disability worldwide and
also correlates positively with elderly (Gupta et al., 2005; Li and Chen, 2019;
Minetto et al., 2020). OA occurs in several joints (e.g., knee, hip, and hand);
however, it is most common in the knee, followed by the hand and the hip (Leifer
et al., 2022). Knee OA is a joint disease of the knee due to wear and progressive
loss of articular cartilage (Hsu and Siwiec, 2023). Its symptoms include knee pain,
tenderness, decreased range of motion (ROM), crepitus, an occasional effusion,
and often inflammation of varying degrees (Wilkins and Phillips, 2008). Since
knee OA has been known to cause functional limitations, it is considered a
significant contributor to the socioeconomic burden (Lee et al., 2021). Therefore,
therapeutic strategies that alleviate the complications associated with knee OA
could benefit not only the health, but also in socioeconomic status of the elderly.

Currently, there are optional treatments for knee OA, which include
pharmacologic and surgical approaches (Wilkins and Phillips, 2008); however, the
comprehensive therapeutic strategies remain limited due to their relatively high
toxicity, cost, and possible complications (Karsdal et al., 2016). Previous evidence
has been reported that treatment with non-steroid anti-inflammatory drugs can
cause gastrointestinal side-effects (Karsdal et al., 2016; Schell et al., 2017);
however, it is considered to be the most effective treatment for total knee
replacement only in the end-stage of knee OA (Feng et al., 2018). Furthermore,
knee replacement therapy can cause chronic pain and a limitation of mobility after
surgery (Feng et al., 2018; Chew et al., 2019). Therefore, given the relatively low
adverse effects and complications, alternative treatments that can relieve pain,
improve ROM, and improve quality of life without suffering from knee
osteoarthritis, are recommended by clinical guidelines as the first-line treatment
for knee OA (Bennell et al., 2007).

Chronic low-grade inflammation is considered a major cause of progressive
joint degeneration, including knee OA (Berenbaum, 2013). Therefore, therapeutic
interventions which could decrease inflammation levels might relieve pain and
result in an improvement of ROM in knee OA. There is growing evidence that
Complementary and Alternative Medicine (CAM), which includes practices and
herbal medicines, is gaining popularity and being used by people around the world
for its positive effects such as anti-inflammation and pain relief (Rao et al., 1999;
Brien et al., 2011; Wang, 2013; Seyed Hashemi et al., 2021; Phutrakool and
Pongpirul, 2022). In addition, Acupuncture, an ancient practice of traditional
Chinese medicine, one of the most widely accepted CAMs, has been reported to
be able to relieve pain and improve knee motion in patients with knee OA (Tang
et al., 2018; Teixeira et al., 2018; Korostyshevskiy, 2020). Previous studies have
reported that traditional knee acupuncture could reduce pain and improve knee
motion in patients with knee OA (Tang et al., 2018; Teixeira et al., 2018;
Korostyshevskiy, 2020). Interestingly, Sanyinjiao (SP6) acupoint, a spot in the
spleen channel, which functions as an important, general tonification point, was
indicated in many disorders, including dysmenorrhea, allergies, immunological
disease, and pain control (da Silva et al., 2011; Liu et al., 2013; Dincer and Oskay,
2021). Nonetheless, the efficacy of acupuncture added SP6 point on knee pain,
knee motion, and inflammation levels in knee OA, has not been investigated.
Thus, we investigated the effects of acupuncture added SP6 on knee pain, knee
motion, and inflammation levels in elderly patients with knee OA. In this study,
we hypothesized that acupuncture added SP6 point improves the motion of knee
joint by alleviating knee pain and reducing inflammation in elderly patients with
knee OA.
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MATERIALS AND METHODS

Study design and ethical approval

This cross-sectional study was approved by the Ethics Committee at the
University of Phayao, Thailand (certificate of approval, UP-HEC 1.3/037/64). It
was carried out in accordance with the relevant rules and legislation. Medical
records and the computerized hospital database of the Tambon Ban Thom Health
Promoting Hospital were used to collect the data.

Identification of subjects

Inclusion criteria

All patients with knee OA attending the outpatient clinics of Tambon Ban
Thom Health Promoting Hospital who met the following criteria were eligible for
enrollment: (1) aged 60 years or over with a diagnosis of either one or both knee
OA; and (2) clinical sign of knee OA using the American College of Rheumatology
(ACR) criteria (Paul et al., 2023).

Participants with clinical knee OA were assessed using the ACR criteria. The
decision tree format of the ACR classification criteria (Peat et al., 2006) for clinical
knee osteoarthritis was used. The ACR clinical criteria for knee OA was fulfilled in
the following circumstances:

crepitus + and morning stiffness >30 mins and bony enlargement +; or

crepitus + and morning stiffness <30 mins; or

crepitus — and bony enlargement + (where + =present, —=absent).

Exclusion criteria

The exclusion criteria were as follows: (1) a history of knee arthroplasty; (2)
a history of steroid or anti-inflammation agents within 6 months; (3) inability to
move; and (4) poor communication or inability to communicate with questioners.

Knee acupuncture procedure

The acupuncture of the knee was standardized throughout this study by the
physician acupuncturist, who had received training in the People's Republic of
China. The acupoints used in this study were according to The Name and Location
of Acupoints, issued in 2006 (GB/T 12346-2006) which as followed: 1) Dubi (ST35)
or Waixiyan located in a depression lateral to the patellar ligament; 2) Neixiyan
(EX-LES), located in the center of the depression of the patellar ligament opposite
to ST35; 3) ST35, located in the center of the depression of the patellar ligament
opposite to EX-LE5; 4) Heding (EX-LE2), located in the depression above the
midpoint of the superior patellar border; 5) Yinlingquan (SP9), located in the
depression between the lower border of the medial condyle of the tibia and the
medial border of the tibia; 6) Yanglingquan (GB 34), located in the depression
anterior and inferior to the head of the fibula, and 7) SP6, located medially four-
finger wide above the ankle (Dincer & Oskay, 2021; Liu et al., 2013). Typically,
SP6 is commonly used for both acupuncture and acupressure, and has been shown
to offer relief from gynecologic disorders, including dysmenorrhea (Dincer &
Oskay, 2021; Liu et al., 2013).

The disposable acupuncture needles (®0.25 x 40 mm; Suzhou Dongbang
Acupuncture Inc., Suzhou, China, 215144) were inserted vertically to a depth of
1-2 mm after sterilization of the target acupoints. Then, the needles were
manipulated using techniques, including lifting, thrusting, twisting, and rotating
(Sangdee et al., 2002). Patients were treated twice a week (Tuesday and Friday)
for 5 weeks, totaling ten sessions.
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Study variables and measurement

Knee pain and function

Knee Pain and Function was assessed by the modified Thai version of the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
(Goggins et al., 2005; Kuptniratsaikul & Rattanachaiyanont, 2007). The WOMAC
is a self-reported protocol to assess pain, stiffness, and function of the lower
extremity by specific 22 questions in a Thai version: 15 on physical function, 5 on
pain, and 2 on stiffness. Each query has ten answer choices ranging from 0 (no,
without difficulty, or no symptom) to 10 (unable to engage in activities or extreme
symptoms). The WOMAC (Thai version) contains subtotal scores for pain ranging
from 0 to 50, stiffness from 0 to 20, and function from 0 to 150. The total
summation of WOMAC scores (Thai version) ranges from 0 to 220.

Numerical rating scale

Pain was assessed using a numerical rating scale (NRS). The NRS, a one-
dimensional scale for rating pain intensity, ranges from 0 for “no pain” to 10 for
“worst pain imaginable” (Jensen et al., 1986).

Range of knee motion

According to knee ROM, including knee flexion and extension, were
measured using goniometer. The ROM was measured before and after each
treatment session.

Plasma inflammatory marker

The plasma inflammatory markers, including the plasma Erythrocyte
Sedimentation Rate (ESR) and high sensitivity C-Reactive Protein (hs-CRP) levels,
were determined. Blood samples were collected prior to the treatment of the first
session as baseline, and again after the tenth session of treatment. Plasma
inflammatory markers were determined from all blood samples by ELISA.

Statistical analysis

Data were expressed as the mean % standard deviation (S.D.). Data were
analyzed using GraphPad Prism 9.3 software. Paired t-test was used to test the
difference between before and after treatment. A P-value less than 0.05 was
considered as a statistically significance.

RESULTS

Demographic data of all participants

A total of 23 patients with knee OA were enrolled and included in this study.
Regarding 23 patients: 21.7% were male and the mean + S.D. of age was 66.43
+ 5.62 years old. The mean £ S.D. of body weight and height were 58.95 £ 7.56
kilograms and 155.09 £ 8.40 centimeters, respectively (Table 1).

At baseline, the average of Modified Thai version WOMAC scores for physical
function, pain, and stiffness were 94.22 + 33.05, 29.39 + 11.88, and 11.83 +
5.74, respectively. The summation of WOMAC scores was 142.26 = 34.24,
indicating that all patients were limited in physical function, pain, and stiffness
(Table 1).
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Table 1. Demographic data of all participants.

Parameters N = 23
Clinical parameters
Age (years) 66.43 + 5.62
Male, n (%) 5 (21.7%)
Weight (kg) 58.95 + 7.56
Hight (cm) 155.09 + 8.40
WOMAC Score
Physical function index 94.22 + 33.05
Pain index 29.39 £ 11.88
Stiffness index 11.83 £ 5.74
Total score 142.26 + 34.24

Note: Data are presented as mean £ SD. WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

Effects of acupuncture on knee pain

According to pain intensity based on the NRS at baseline, the NRS ranged
from 4 to 10, with an average of 7.67 £ 2.02. At the end of each treatment
session, the pain reported by patient was decreased. Interestingly, the pain
intensity was also gradually decreased when compared to their prior session
(Figure 1A). In addition, at the end of the treatment, the pain was significantly
decreased compared to pain at baseline (0.1 £ 0.4 vs. 7.67 £ 2.02, P < 0.001)

(Figure 1B).
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Figure 1. Effects of Acupuncture on knee pain using NRS. (A) overall pain
intensity and (B) pain intensity. *P <0.05 vs. baseline. NRS: numerical rating
scale.

Effects of acupuncture on knee motion

The knee flexion and extension were measured to determine the knee ROM.
At the baseline level, the degree of knee flexion and extension were 103.4 £ 17.27
and -2.21 £ 1.47 degree, respectively. At the end of the treatment knee flexion
was significantly increased when compared to baseline (131.4 £ 9.28 vs. 103.4 =
17.27, P < 0.001). In addition, knee extension was also increased when compared
to baseline (0.00 = 0.37 vs. -2.21 £ 1.47, P < 0.001) as shown in Figure 2A and
2B.
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Figure 2. Effects of Acupuncture on knee motion. (A) knee flexion, and
(B) knee extension. *P <0.05 vs. baseline.

Effects of acupuncture on plasma inflammations

Plasma ESR and hs-CRP levels were determined at the baseline and at the
end of treatment session. Treatment with acupuncture added SP6 point for ten
sessions, plasma ESR and hs-CRP were significantly decreased when compared to
their baseline levels (31.02 £ 28.13 vs. 100.00 and 34.98 £ 21.85, respectively,
P < 0.001) as shown in Figure 3A and 3B.
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Figure 3. Effects of Acupuncture on inflammation. (A) plasma ESR level,
and (B) Plasma hs-CRP level. *P <0.05 vs. baseline.

DISCUSSION

OA is reported to be a health and socioeconomic burden, and its incidence is
increasing in many countries (Kiadaliri et al., 2017). Therefore, therapeutic
strategies that alleviated the complications associated with knee OA could be
beneficial to health and socioeconomic status. Since growing evidence reported
that low-grade inflammation causing pain is strongly link to OA (Attur et al., 2015;
Robinson et al., 2016), together with there is no disease-modifying treatment for
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knee OA, an alternative treatment by acupuncture is an option due to its ability to
control pain and improve knee ROM (Tang et al., 2018; Teixeira et al., 2018;
Korostyshevskiy, 2020). Interestingly, SP6 acupoint has been shown to be
beneficial in various conditions, such as dysmenorrhea, immunological disease,
and pain control (da Silva et al., 2011; Liu et al., 2013; Dincer and Oskay, 2021).
However, the therapeutic efficacy of knee acupuncture added SP6 acupoint on pain
and inflammations levels in elderly patients with knee OA are unknown. This study
is the first investigated the effects of knee acupuncture added SP6 acupoint on
knee pain, knee motion, and inflammation status in elderly patients with knee OA.

The major findings from this study are as follows 1) ten sessions of knee
acupuncture added SP6 acupoint significantly decreased the plasma ESR and hs-
CRP, indicating that it could reduce the systemic inflammation in elderly patients
with knee OA; 2) knee acupuncture added SP6 acupoint significantly increased
knee flexion and knee extension in elderly patients with knee OA; and 3) knee
acupuncture added SP6 acupoint significantly decreased pain in elderly patients
with knee OA.

A low-grade systemic inflammation, as indicated by plasma ESR and hs-CRP,
was found in an active OA that affected the large joint, especially knee joint (Attur
et al., 2015; Robinson et al., 2016; Sanchez-Ramirez et al., 2013; Sanchez-
Ramirez et al., 2014). In the present study, we found that addition of the SP6
acupoint to a traditional knee acupuncture could decrease both plasma ESR and
hs-CRP levels. At the molecular levels of underlying mechanism might be due to
the fact that knee acupuncture added SP6 acupoint treatment could promote the
anti-inflammatory cytokines, such as IL-4, IGF, IL-10, and TGF-B, leading to
modulate low-grade inflammation which occur in knee OA (Nees et al., 2019;
Wojdasiewicz et al., 2014).

Previous studies from in vivo reports have demonstrated that traditional
acupuncture alleviated an inflammation by reduced the levels of TNF-a, IL-1B, and
IL-10 (da Silva et al., 2011; Lin et al., 2020). Furthermore, the SP6 acupoint
attenuate the pain in dysmenorrhea via reducing the inflammatory cytokines
(Dincer and Oskay, 2021; Liu et al.,, 2013). Therefore, in this study, the
combination of traditional acupuncture and SP6 could show a manifest reduction
of systemic low-grade inflammation in elderly patients with knee OA after
treatment. Based on an inflammatory cytokines modulate pain intensity by
decreasing pain threshold (de Goeij et al., 2013). In this study, we found that
inflammatory cytokines and pain intensity were reduced in a similar manner.
Moreover, we assumed that acupuncture could modulate the pain threshold
through “gate control” theory mentioned above (Gomes and Ledo, 2020;
Ondrejkovicova et al., 2016).

Regarding a reduction of inflammation and pain intensity in knee OA patients
treated with acupuncture added SP6, improvement in knee ROM regarded knee
flexion and knee extension, were found in this study. This result could be due to
an increase in systemic inflammatory cytokine can decrease the elasticity in the
joint suffering from inflammation, leading to decrease joint stiffness (Choy and
Panayi, 2001; Liu et al., 2022). Although this study is the first study to
demonstrate the beneficial effects of acupuncture added SP6 acupoint on knee
pain, knee motion, as well as systemic inflammation in elderly patients with knee
OA, in order to validate the findings of this treatment in elderly patients with knee
OA, a control group of traditional acupuncture is necessary to compare to the
additional SP6 treatment in the further study.

CONCLUSION

Knee acupuncture added SP6 point could improve the knee motion through
reducing pain and decreasing plasma inflammatory cytokines.
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	The number of elderly people is gradually increasing worldwide.  According to a report from the World Health Organization, this number will increase by 1.4 to 2.1 billion people between 2030 and 2050 (Rudnicka et al., 2020).  Osteoarthritis (OA), a de...
	Currently, there are optional treatments for knee OA, which include pharmacologic and surgical approaches (Wilkins and Phillips, 2008); however, the comprehensive therapeutic strategies remain limited due to their relatively high toxicity, cost, and p...
	Chronic low-grade inflammation is considered a major cause of progressive joint degeneration, including knee OA (Berenbaum, 2013).  Therefore, therapeutic interventions which could decrease inflammation levels might relieve pain and result in an impro...
	MATERIALS AND METHODS
	Study design and ethical approval
	This cross-sectional study was approved by the Ethics Committee at the University of Phayao, Thailand (certificate of approval, UP-HEC 1.3/037/64).  It was carried out in accordance with the relevant rules and legislation.  Medical records and the com...
	Identification of subjects
	Inclusion criteria
	All patients with knee OA attending the outpatient clinics of Tambon Ban Thom Health Promoting Hospital who met the following criteria were eligible for enrollment: (1) aged 60 years or over with a diagnosis of either one or both knee OA; and (2) clin...
	Participants with clinical knee OA were assessed using the ACR criteria. The decision tree format of the ACR classification criteria (Peat et al., 2006) for clinical knee osteoarthritis was used.  The ACR clinical criteria for knee OA was fulfilled in...
	crepitus + and morning stiffness >30 mins and bony enlargement +; or
	crepitus + and morning stiffness ⩽30 mins; or
	crepitus − and bony enlargement + (where + = present, − = absent).
	Exclusion criteria
	The exclusion criteria were as follows: (1) a history of knee arthroplasty; (2) a history of steroid or anti-inflammation agents within 6 months; (3) inability to move; and (4) poor communication or inability to communicate with questioners.
	Knee acupuncture procedure
	The acupuncture of the knee was standardized throughout this study by the physician acupuncturist, who had received training in the People's Republic of China.  The acupoints used in this study were according to The Name and Location of Acupoints, iss...
	The disposable acupuncture needles (Φ0.25 × 40 mm; Suzhou Dongbang Acupuncture Inc., Suzhou, China, 215144) were inserted vertically to a depth of 1–2 mm after sterilization of the target acupoints.  Then, the needles were manipulated using techniques...
	Study variables and measurement
	Knee pain and function
	Knee Pain and Function was assessed by the modified Thai version of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) (Goggins et al., 2005; Kuptniratsaikul & Rattanachaiyanont, 2007). The WOMAC is a self-reported protocol to ...
	Numerical rating scale
	Pain was assessed using a numerical rating scale (NRS).  The NRS, a one-dimensional scale for rating pain intensity, ranges from 0 for “no pain” to 10 for “worst pain imaginable” (Jensen et al., 1986).
	Range of knee motion
	According to knee ROM, including knee flexion and extension, were measured using goniometer.  The ROM was measured before and after each treatment session.
	Plasma inflammatory marker
	The plasma inflammatory markers, including the plasma Erythrocyte Sedimentation Rate (ESR) and high sensitivity C-Reactive Protein (hs-CRP) levels, were determined.  Blood samples were collected prior to the treatment of the first session as baseline,...
	Statistical analysis
	Data were expressed as the mean ± standard deviation (S.D.).  Data were analyzed using GraphPad Prism 9.3 software.  Paired t-test was used to test the difference between before and after treatment.  A P-value less than 0.05 was considered as a statis...
	RESULTS
	Demographic data of all participants
	A total of 23 patients with knee OA were enrolled and included in this study.  Regarding 23 patients: 21.7% were male and the mean ± S.D. of age was 66.43 ± 5.62 years old.  The mean ± S.D. of body weight and height were 58.95 ± 7.56 kilograms and 155...
	At baseline, the average of Modified Thai version WOMAC scores for physical function, pain, and stiffness were 94.22 ± 33.05, 29.39 ± 11.88, and 11.83 ± 5.74, respectively.  The summation of WOMAC scores was 142.26 ± 34.24, indicating that all patient...
	Table 1. Demographic data of all participants.
	Note: Data are presented as mean ± SD.  WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
	Effects of acupuncture on knee pain
	According to pain intensity based on the NRS at baseline, the NRS ranged from 4 to 10, with an average of 7.67 ± 2.02.  At the end of each treatment session, the pain reported by patient was decreased.  Interestingly, the pain intensity was also gradu...
	Figure 1. Effects of Acupuncture on knee pain using NRS. (A) overall pain intensity and (B) pain intensity.  *P <0.05 vs. baseline.  NRS: numerical rating scale.
	Effects of acupuncture on knee motion
	The knee flexion and extension were measured to determine the knee ROM.  At the baseline level, the degree of knee flexion and extension were 103.4 ± 17.27 and -2.21 ± 1.47 degree, respectively.  At the end of the treatment knee flexion was significan...
	Figure 2. Effects of Acupuncture on knee motion. (A) knee flexion, and (B) knee extension.  *P <0.05 vs. baseline.
	Effects of acupuncture on plasma inflammations
	Plasma ESR and hs-CRP levels were determined at the baseline and at the end of treatment session. Treatment with acupuncture added SP6 point for ten sessions, plasma ESR and hs-CRP were significantly decreased when compared to their baseline levels (3...
	Figure 3. Effects of Acupuncture on inflammation. (A) plasma ESR level, and (B) Plasma hs-CRP level.  *P <0.05 vs. baseline.
	DISCUSSION
	OA is reported to be a health and socioeconomic burden, and its incidence is increasing in many countries (Kiadaliri et al., 2017). Therefore, therapeutic strategies that alleviated the complications associated with knee OA could be beneficial to heal...
	The major findings from this study are as follows 1) ten sessions of knee acupuncture added SP6 acupoint significantly decreased the plasma ESR and hs-CRP, indicating that it could reduce the systemic inflammation in elderly patients with knee OA; 2) ...
	A low-grade systemic inflammation, as indicated by plasma ESR and hs-CRP, was found in an active OA that affected the large joint, especially knee joint (Attur et al., 2015; Robinson et al., 2016; Sanchez-Ramirez et al., 2013; Sanchez-Ramirez et al., ...
	Previous studies from in vivo reports have demonstrated that traditional acupuncture alleviated an inflammation by reduced the levels of TNF-α, IL-1β, and IL-10 (da Silva et al., 2011; Lin et al., 2020). Furthermore, the SP6 acupoint attenuate the pai...
	Regarding a reduction of inflammation and pain intensity in knee OA patients treated with acupuncture added SP6, improvement in knee ROM regarded knee flexion and knee extension, were found in this study.  This result could be due to an increase in sy...
	CONCLUSION
	Knee acupuncture added SP6 point could improve the knee motion through reducing pain and decreasing plasma inflammatory cytokines.
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