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Abstract

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease worldwide. In this study, we assess the effects of wet cupping therapy, an ancient therapeutic method, on some
inflammatory cytokines believed to impact the inflammatory state of the liver of patients affected by NAFLD. A total of sixteen NAFLD grade Il and Il patients, diagnosed by abdominal ultrasound,
participated in this quasi-experimental study with self-control. The subjects received wet cupping therapy three times over six weeks. We assessed anthropometric and biochemical

parameters pre- and post-interventions. Results showed that wet cupping therapy reduced CRP by an average of 50% in 67% of NAFLD patients. The first two wet cupping treatments

reduced interleukin-1pB, especially the second one for an average of 29% in 67% of patients. The efficacy of wet cupping to modify interleukin-6 was seen in the first wet cupping treatment with an
average increase of 182% in 41% of patients. This treatment showed an average reduction of 16% of tumor necrosis factor-o (TNF-a) in 59% of patients. Wet cupping therapy may be seen as a

treatment to reduce the inflammatory state in patients affected by NAFLD when given at proper intervals.

Nooshin Abbasi', Mahdi Biglarkhani2, Azam Meyari2, Razieh Amini', Marco Fiaschi®, Rezvan Najafi’
' Research center for molecular medicine, Hamadan University of Medical Sciences, Hamadan, Iran.
2 Department of Persian Medicine, School of Medicine, Hamadan University of Medical Sciences, Hamadan, Iran.

3 MFC Elettronica, Padua, Italy

Keywords: Non-Alcoholic Fatty Liver Disease (NAFLD); Wet Cupping Therapy; Tumor Necrosis Factor- o; Interleukin-1B; Interleukin-6; High-Sensitivity C-Reactive Protein.

1. Introduction

Non-alcoholic fatty liver disease (NAFLD), recently re-named metabolic dysfunction associated with fatty liver disease (MAFLD), is the most common chronic liver disease. It affects more than a
quarter of adults and children worldwide. NAFLD is defined as fat deposition or the presence of hepatic steatosis (HS) in 25% of hepatocytes by histology or the presence of intrahepatic triglyceride
content 5.5% by imaging in hepatic parenchyma of individuals with little or no alcohol consumption!2JI%] It ranges from hepatic steatosis to non-alcoholic steatohepatitis (NASH) both are
asymptomatic and may lead to the development of cirrhosis and liver cancer. NAFLD is also associated with hypertension, cardiovascular diseases, dyslipidemia, type 2 diabetes mellitus, and
obesity[“l However, studies suggest that metabolically unhealthy individuals with metabolic comorbidities have a higher risk of fatty liver disease compared with healthy individuals, irrespective of
body mass index (BMI) as NAFLD with its heterogeneous pathogenesis occurs in both obese and lean phenotypes[5]. It seems that metabolic health is influenced by1. genetics, epigenetics, diet,
lifestyle, enterohepatic circulation, and gut microbiotal®!.

The molecular pathways involved in pathogenesis and progression of NAFLD although not fully studied it is believed that inflammatory molecules including C-reactive protein (CRP), TNF, IL-6 and IL-
8, IL-1 receptor antagonist protein (IL-1RA), and CXC-chemokine 10 (CXCL10) may have a key role in hepatic injury and NAFLD progression[e'].

Currently, no effective therapy to treat NAFLD or to fully target inflammation status in this disorder has been approved. No pharmacological therapy is available. The only successful therapeutic
strategy is lifestyle modification including diet modification, weight loss, and exercisel 18], These observations postulate that targeting inflammation in subjects affected by NAFLD may be seen as a
novel therapeutic strategy to postpone the disease progression.

Cupping therapy, an ancient medical therapy practiced mainly in the Middle East and China, is believed to improve quality of life through muscle stimulation and to treat pain in the head, neck, and
back areas (From National Center for Complementary and Integrative Health). There have been few studies that assessed the effects of cupping therapy on inflammatory cytokines involved in the
inflammatory state of the liver!?, Although the anti-inflammatory effects of cupping have been proven to different pathological conditions including rheumatoid arthritis and autoimmune
diseases.[10111012][13]

In this study, the effects of wet cupping therapy on some inflammatory cytokines believed to take part in the inflammatory cascade derived from increased visceral adipose tissue in the liver of

patients affected by NAFLD were accessed.

2. Materials and Methods

2.1. Subjects
This study is a quasi-experimental trial study with self-controls designed to assess the anti-inflammatory effects of wet cupping therapy on inflammatory cytokines believed to be produced in the liver

of patients affected by non-alcoholic fatty liver disease. The study took place at the Omid Clinic in Hamadan, Iran between July 2021 and November 2021. The twenty participants, ranging in age

from 20-60(mean age 45.5) were diagnosed with non-alcoholic fatty liver disease grade Il and Ill with or without alteration in their liver enzymes after medical examination and ultrasonography.
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Patients who were affected by other chronic liver diseases or hepatitis and anemia; also heavy smokers and alcohol drinkers with intake greater than 2 alcohol units (20 g/day) for women and greater
than three alcohol units (30 g/day) for men and patients with prolonged intake of drugs induced fatty liver diseases!’*!

were excluded. Four of our patients have left the study. Sixteen patients have finished all the follow-ups.

In this study, all methods were carried out under relevant guidelines and regulations and conducted according to the principles of the Declaration of Helsinki. The study was approved by the Ethics
Committee of the Faculty of Medicine, Hamadan University of Medical Sciences with identity number IR.UMSHA.REC.1400.291 and was registered at the Iranian Registry of Clinical Trials (IRCT)

and approved on 07/07/2022 with Trial Id 63179. Written informed consents were obtained from all patients and are available.

2.2. Clinical measurements

Ambulatory blood pressure (ABP) measurements were obtained before and after treatments. Body mass index (BMI), weight (kg) divided by height squared (), before and after treatment were
calculated and waist circumferences, using a tape measurer, were measured as well. Fatty liver index (FLI), as a simple algorithm based on BMI, waist circumference, triglycerides and GGT with a

ROC-AUC of 0.84 (95%Cl 0.81-0.87) to detect FL [%], was calculated for patients before and after treatment to confirm the likelihood of the disease using the formula:

FLI =
(90.953 + logy (triglycerides) + 0.139 « BMI+0.718 « log, (GGT) + 0.053 « waistcircumference — 15.745>/

(1 +eO.953 + log, (triglycerides) + 0.139 « BMI+0.718 « log, (GGT) + 0.053 « waistcircumference - 15.745)
x 100

2.3. Laboratory analyses

Auto Hematology Analyzer BC-5150 was used to measure red blood cell count (RBC), hemoglobin concentration (HGB), platelet count (PLT), and white blood cell count (WBC). High sensitivity C-
reactive protein (hs-CRP) was measured by CRP detection kit (Nephelometry) from Genrui Biotech Inc. Alkaline phosphatase was measured by Alkaline Phosphatase DEA Kit from ST diagnostic
company. Triglycerides (GPO-PAP) kit from Parsazmun company was used to measure serum triglycerides through a photometric method. Alanine transaminase (ALT) by ALT (GPT) kit from
Sarantashkhis co., aspartate aminotransferase (AST) by AST (GOT) activity assay kit from Paadco, serum gamma-glutamyl transferase (GGT) by GGT quantitative kit trough photometric method
from Parsazmun co., serum cholesterol by CHOD quantitative kit from Parsazmun co. and serum glucose by GOD quantitative kit from Parsazmun co. were measured. Serum low-density lipoprotein-
cholesterol (LDL-C) and high-density lipoprotein- cholesterol were measured using LDL and HDL-C quantitative kits from Parsazmun co. through the photometric method.

Inflammatory and proinflammatory cytokines analyses. To measure serum Tumor Necrosis Factor-o (TNF-o), Interleukin-1p (IL-1B), and Interleukin-6 (IL-6) we used ZellBio GmbH enzyme-linked

immunosorbent quantitative assay (ELISA) kits based on the biotin double antibody sandwich technology.

2.4. Wet cupping procedure

Participants’ blood samples on day 0 were collected as our controls to measure all complete blood count (CBC) parameters, ALP, hs-CRP, triglycerides, LDL-C, HDL-C, ALT, AST, and GGT. 2 ml
serums were centrifugated and separated on day 0 and kept in -20°C to use later for ELISA assays. Afterward, participants were invited to come to the clinic to do wet cupping therapy once every 15
days for a total of three times. In the first wet cupping therapy, patients were asked to eat some snacks before coming and to sit down on the bed. The interscapular area, brown adipose tissue, was
disinfected and suctioned through a negative pressure created by a vacuumed cup connected to a suction device. Then the skin under the cup area was scarified with multiple superficial oblique
scratches, and blood flew into the cup following the second suction. The cup was removed, and the extracted blood was gently cleaned from the skin surface. The suction and extracting of capillary

blood were repeated three times on the same site. Finally, the location of the cupping was cleaned and covered by a layer of honey and sterile gauze was fixed on it with surgical tapes.

2.5. Statistical Analysis

Since we had a small sample who underwent cupping therapy, it was not possible to have a control group and apply Kruskall-Wallis” tests. Thus, we applied standard statistical analyses and verified
whether the data distribution model was normal. We calculated statistically significant differences through the Student T test. Statistical significance was set at o = 0.05.
Figures 1 and 2 show the four boxplots, which describe the variations of inflammatory cytokines pre-and post-treatment. The lowest point on the box plot is the minimum value of the data set and the

highest point is the maximum value of the data set (excluding any outliers). The box is drawn from the First quartile (Q1) to the Third quartile (Q3) with a horizontal line drawn in the middle to denote

the median.
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Figure 1. The statistical variation of IL-1B, IL-6 and TNF-«a in different intervals of wet cupping therapy. The figure 1 includes three boxplots, which describes the variations of inflammatory cytokines pre- and post-treatments. We have

done wet cupping 3 times with our patients, with an interval of 15 days each.

The IL-1B’s boxplots illustrate a reduction of IL-1p in the first, second and third wet cuppings for an average of 24% in 69% of patients, of 29% in 67% and of 28% in 64% respectively. However, the p value in our complete IL-1B dataset

showed no significant statistical reduction.

The IL-6’s boxplots illustrate an increase of IL-6 in the first wet cupping with a bimodal distribution in 61% of our patients: an average increase of 17% and the other one with an average of 403%. The second and third wet cuppings could

increase IL-6 for an average of 20% in 64% of patients and of 95% in 40% respectively. However, the p value in our complete IL-6 dataset showed no significant statistical reduction.

The TNF-o's boxplots illustrate a reduction of TNF- in the first, second and third wet cuppings for an average of 16% in 59% of patients, of 15% in 63% and of 12% in 47% respectively. However, the p value in our complete TNF-a dataset

showed no significant statistical reduction.
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Figure 2. C-reactive protein (CRP) statistical variation pre- and post- wet cupping therapy. The figure 2 shows the one boxplot of high sensitivity-C reactive
protein (hs-CRP), as a sensitive systemic marker of inflammation pre- and final treatment with a reduction of 50% in 67% of our population. The lowest point on the
box-plot is the minimum value of hs-CRP and the highest point is the maximum value of hs-CRP (excluding any outliers). The box is drawn from First quartile (Q) to

Third quartile (Qg) with a horizontal line drawn in the middle to denote the median. The hs-CRP reduction is confirmed by p value of 0.018 in our dataset.
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3. Results

3.1. Anthropometric Parameters, Hematological and Biochemical Analyses Pre- and Post-Treatment.

73% of our patients had a greater FLI index than 60%, which had been first proved by liver ultrasonography. As table 1 demonstrates, statistical analyses on RBC pre- and post-treatment did not
show any negative effect and no patient showed any reduction in RBC from the normal range after the treatment; in 40% of patients, we saw an improvement of 4% in the RBC.

HGB remained almost constant pre-and post-treatment in all patients at the normal range. PLT did not show any significant variation pre-and post-treatment in 80% of patients. Analyses of WBC
showed that wet cupping therapy increases the WBC by 33% in 20% of patients who were under the normal range; the remaining patients were in a normal range. The p-value in our complete WBC
dataset showed no significant statistical variation.

FBS remained almost constant pre-and post-treatment in patients within the normal range; in one case with 307 mg/dl pre-treatment, the cupping therapy could reduce it by 40% (to 183 mg/dl). Th&
value in our complete FBS dataset showed no significant statistical variation.

ALP remained almost constant pre-and post-treatment in patients within the normal range. However, theP value of 0.014 in our complete ALP dataset showed a significant statistical increase but
within the normal range of ALP (80-306 U/l).

ALT levels in 13% of patients showed a reduction of 30% after treatment, while other patients were in the normal range and remained constant. The® value in our complete ALT dataset showed no
significant statistical variation.

AST in all patients but one remained constant in a normal range. One patient with a high AST showed an improvement of 38% after treatment. Th& value in our complete AST dataset showed no
significant statistical variation considering these results, wet cupping therapy could reduce the high-level AST and ALT in NAFLD patients.

Pre-treatment GGT of all patients was in a normal range. And still, in the normal range, cupping therapy could reduce GGT for 33% in 70% of patients. One patient with 48 U/l had an increase of 6%
post-treatment (51 U/l). The P value in our complete GGT dataset showed no significant statistical variation.

Analyses of lipid markers showed that pre-treatment TG in 53% of patients was in a normal range and 47% of patients was higher than 150 mg/dl. 50% of patients with higher TG had an increase of
16% and the other 50% had a reduction of 28% post-treatment. The P value in our complete TG dataset showed no significant statistical variation.

LDL-C almost in all patients was upper than optimal range (<129 mg/dl) pre-treatment and wet cupping therapy could reduce LDL level by 22%. TheP value of 0.012 in our complete LDL-C dataset
showed a significant statistical decrease.

HDL-C in 33% of patients was under the optimal range pre-treatment, wet cupping therapy could increase the HDL level for 27% in 80% of them. Th& value in our complete HDL-C dataset showed
no significant statistical variation.

Total cholesterol after treatment was decreased by 14% in 80% of our patients. TheP value of 0.015 in our complete cholesterol dataset showed a significant statistical decrease.

Table 1. ic and Bi ical F Pre- and Post-Treatment

Pre- Post: Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post:

Pressure Pressure L e (VEC (WEC EES EES Phosphatase Phosphatase oty Ly el ey e < ws us Cholesterol Choles
52 F 110/80 110/68 32.0 32.6 3.60 4.00 90 90 100 120 32.0 21.0 31 27 30 47 191 260 261 210
45 M 110/70 120/80 29.9 29.7 5.70 5.90 70 90 114 110 35.0 31.0 33 22 22 25 100 111 197 141
38 M 112/70 105/70 275 26.8 6.67 5.05 92 76 165 161 34.0 34.0 25 28 47 41 167 183 142 150
47 M 110/70 100/65 34.0 34.0 3.54 5.79 80 83 88 121 61.0 34.0 45 28 34 23 60 92 55 102
45 [F 121/79 108/79 31.2 31.2 5.99 4.27 307 183 169 158 37.0 32.0 26 29 16 21 80 91 188 171
50 F 135/82 142/88 42.2 43.8 7.01 6.85 88 70 135 126 20.0 10.0 16 14 25 11 85 102 193 174
51 F 120/75 125/80 255 255 8.27 8.08 156 177 186 209 37.0 44.0 29 30 48 51 238 196 112 97
50 F 115/70 110/72 32.0 31.4 6.80 717 89 85 53 96 11.0 13.0 16 16 11 17 203 100 172 169
48 F 115/80 120/90 28.9 28.9 6.29 7.83 97 91 261 283 46.0 38.3 29 27 34 30 182 146 228 199
32 F 106/65 128/95 315 315 8.14 7.80 105 101 161 177 22.0 29.4 19 22 25 43 88 162 180 193
48 F 116/90 130/80 33.2 345 8.31 8.39 102 91 146 140 22.0 16.4 23 23 24 1 152 173 252 204
49 M 110/75 120/70 26.5 27.5 4.32 5.37 90 98 143 134 34.0 24.0 25 20 15 14 151 159 214 201
41 M 116/90 125/90 32.0 327 5.31 5.72 98 94 159 162 39.5 30.0 29 24 18 18 135 118 171 139
36 M 100/75 125/60 26.6 26.6 6.28 7.97 84 83 98 120 16.0 16.0 17 17 21 24 218 169 192 175
52 M 148/105 130/70 25.5 24.9 5.53 7.09 127 134 138 166 29.0 36.0 22 25 47 24 72 86 99 84
p-values  >0.05 >0.05 >0.05 >0.05 0.014[1] >0.05 >0.05 >0.05 >0.05 0.015[2)

1 The p value of 0.014 in our complete ALP dataset showed a significant statistical increase but within the normal range of ALP (80-306 U/l)
2 The p value of 0.015 in our complete cholesterol dataset showed a significant statistical decrease

3 The p value of 0.012 in our complete LDL-C dataset showed a significant statistical decrease.

BMI: Body Mass Index

WBC: White Blood Cell

FBS: Fasting Blood Sugar

ALT: Alanine Transaminase

AST: Aspartate Aminotransferase
GGT: Gamma Glutamyl Transferase
TG: Triglycerides

HDL: High-Density Lipoprotein
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LDL: Low-Density Lipoprotein
3.2. Analyses of inflammatory factors Pre- and Post-Treatment

In Figures 1 and 2 statistical variations of some inflammatory factors are illustrated. Statistical analyses of inflammation state showed an average reduction of hs-CRP for about 50% in 67% of
patients while 20% of patients remained in the normal range, hs-CRP < 3mg/Il. The remaining 13% of patients showed an average increase of about 22.6%. The p-value of 0.018 in our complete hs-
CRP dataset showed a significant statistical reduction.

The first wet cupping showed an average reduction of 24% of IL-1B in 69% of patients. The 31% of remaining patients showed an average increase of 46%.

The second wet cupping in 67% could reduce IL-1B by an average of 29%. And in 33% with an average reduction of 37%.

The third wet cupping in 64% of patients showed an average reduction of 28%. The 36% of remaining patients showed an average increase of 15%. We noticed that the second cupping was the
most effective to reduce IL-1B. We may assume that to reduce IL-1B, wet cupping may not be repeated in a short interval. The P value in our complete IL-1B dataset showed no significant statistical
reduction.

IL-6 in the first wet cupping was reduced by an average of 25% in 59% of patients. The remaining 61% of patients demonstrated an increase of IL-6 in a bimodal distribution which demonstrated
some patients with an average increase of 17% and others with an average of 403%.

In the second wet cupping, 56% of patients had an average reduction of 20% while the remaining 64% of patients showed an average increase of 84% with a bimodal distribution.

Third wet cupping in 60% of patients showed an average reduction of 28% while 40% of patients showed an average increase of 95%. Thé value in our complete IL-6 dataset showed no significant
statistical variation.

In the first wet cupping, TNF-a was reduced by an average of 16% in 59% of patients and increased by an average of 22% in 41% of patients.

In the second cupping, 63% of patients had an average reduction of 15% while in 37% of patients was seen an average increase of 46%.

The third cupping in 47% could show an average reduction of 12%. And in the 53%, the remaining patients saw an average reduction of 30%. Th& value in our complete TNF-a dataset showed no

significant statistical reduction.

4. Discussion

No effective therapy to ameliorate inflammation status in NAFLD has been approved yet. We hypothesized that targeting inflammation in subjects affected by NAFLD may be seen as a novel
therapeutic strategy to postpone the disease progression.

C-reactive protein (CRP) the first described acute-phase protein and a plasma protein synthesized by hepatocytes in the liver, is proved to be a sensitive systemic marker of inflammation and tissue
damage!'®l. Healthy young adults show a median concentration of 0.8mg/l, in 90% of this population the median concentration is 3.0mg/l and in 99% is 10mgd/’). Khadiga S. Abdulaziz and
colleagues in a randomized control trial showed that cupping therapy could make a significant reduction in hs-CRP!'8]. Our results also show that wet cupping therapy could modify inflammatory
states in particularly reduced hs-CRP in 67% of participants significantly.

Tumor necrosis factor alpha (TNF-a), an important adipocytokine synthesized in adipose tissues by a variety of immune cells, is induced by free fatty acids seen in hepatic steatosis through the
activation of NF-kB. TNF-o progresses inflammation and may develop NAFLD through triggering multiple signaling pathways involved in inflammation, proliferation, and apoptosis!'.. Qi Zehang and
colleagues established a cupping mice model and assess the effects of cupping therapy on polyunsaturated fatty acid (PUFA) metabolome through ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS). They demonstrated that cupping therapy reduced the IL-6 and TNF-a production induced by lipopolysaccharide (LPS) in vivo[29). Our study reveals that the first
cupping reduced the NF-a by an average of 16% in 59% of patients while the second one showed an average reduction of 15% in 63% and the final cupping showed an average reduction of 12% in
47%.

Interleukin-6 (IL-6) is a pro-inflammatory factor in human inflammatory and immune diseases such as rheumatoid arthritis and cytokine storrf?'). However, IL-6 inhibition is approved to treat
inflammatory conditions but studies show that in some diseases such as ankylosing spondylitis the inhibition is not effectivel?'l. In the liver, IL-6 is produced in acute phase responses together with
CRP secretion, haptoglobin, and other factors from hepatocytes!?.. IL-6 activity promotes cytoprotection and regeneration of hepatocytes. Inhibition of IL-6 or IL-6R may cause hepatocellular injury
thus its inhibition may not be indicated to treat the inflammatory conditions in the liver/23]. Our analyses showed that first cupping could increase the IL-6 in 61% of patients with a bimodal distribution:
one with an average of 17% and the other with an average of 403%. The second cupping could increase the IL-6 by an average of 20% in 64% of patients while the third cupping showed an average
increase of 95% in 40% of patients.

Interleukin-1family (IL-1F) cytokines and their receptor as proinflammatory mediators induce many inflammatory processes in autoinflammatory, sterile inflammation, autoimmune and infectious
diseases. IL-1p, a proinflammatory mediator, binds to the IL-1R and regulates T-helper 17/24]. IL-1p is produced following inflammasome activation, a strong inflammatory response in the liver due to
toxic and metabolic stress, sepsis, and ischemia.

IL-1 family induces many NAFLD's features including insulin resistancé®?], adipose tissue inflammation, and atherosclerosisi®with their pleiotropic effects on hepatocytes, stellate cells, and gut
integrity. Anti-IL-1 therapies may have positive effects on diseases characterized by sterile inflammation?”]. Another randomized control trial assessed the efficacy of Acupuncture combined with
cupping therapy for knee osteoarthritis. Their results revealed that treatment could decrease the levels of IL-1, IL-6, and TNF-ain joint fluidl?]. Our data showed that the first cupping could reduce
the IL-1B by an average of 24% in 69% of patients and the second one reduced it by an average of 29% in 67% and the third cupping showed an average reduction of 28% in 64%.

A randomized controlled trial assessed the effects of wet cupping therapy on serum lipid concentrations. They found that wet cupping could reduce LDL cholesterol but with no statistically significant
variation in total cholesterol; they believe that it may prevent atherosclerosis/>?]. Our data showed that wet cupping therapy could reduce LDL and total cholesterol for p values of 0.012 and 0.015 in
our complete dataset respectively.

To the best of our knowledge, this study is the first study to assess the effect of wet cupping therapy on inflammatory cytokines in patients affected by NAFLD. Thé& value of TNF-a, IL-6, and IL-1B

in our complete dataset showed no significant statistical variation but we showed that the percentage variance calculated in different wet cupping therapy intervals for each inflammatory factor may
be clinically important. However, we still do not know how many cupping procedures, and with what intervals, can reduce the inflammatory condition in our patients. The study limitation includes our
small sample size. More studies should assess the molecular mechanism underlying the effects of wet cupping therapy in the future.

In conclusion, wet cupping therapy may be seen as a novel adjuvant therapeutic strategy along with other therapeutic strategies to ameliorate the inflammatory state in NAFLD patients.
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