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Abstract 
Background: Osteoarthritis (OA) is a prevalent musculoskeletal disorder characterized by joint pain and 
functional impairment. Traditional therapies often involve NSAIDs, which can cause adverse effects. Natural 
alternatives such as Boswellia serrata (BS) and Natural Eggshell Membrane (NEM) are emerging as potential 
treatments with fewer side effects. 
Aim: To compare the efficacy of Boswellia serrata and Natural Eggshell Membrane in reducing pain in patients 
with knee OA. 
Methods: Prospective, observational study was conducted at King George's Medical University, Lucknow, over 
18 months. A total of 117 patients were divided into three groups: Group A received Etoricoxib alone, Group B 
received Etoricoxib with NEM (Natural egg shell membrane), and Group C received Etoricoxib with BS 
(Boswellia serrata). Pain levels were assessed using the Visual Analogue Scale (VAS) at baseline, 60 days, and 
120 days. Statistical analyses were performed using SPSS version 26. 
Results: All groups showed significant reductions in VAS scores over time (p<0.001). The greatest pain 
reduction was observed in Group C (BS), followed by Group B (NEM), with Group A showing the least 
improvement. Intergroup analysis showed statistically significant differences at 60 and 120 days, favouring BS 
over NEM and control. 
Conclusion: Both BS and NEM demonstrated significant efficacy in reducing knee OA pain, with BS showing 
superior results. These findings support their role as effective complementary treatments for OA. 
Keywords: Osteoarthritis, Boswellia serrata, Eggshell membrane, Visual Analogue Scale, Knee pain. 
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Introduction 

Osteoarthritis (OA) is the most prevalent 
musculoskeletal disease with a prevalence of 22-
30% in India.[1] There is a multifactorial cause for 
OA which includes age, female sex, obesity, 
physical labour, occupational knee bending, family 
history, joint damage and vitamin D deficiency. 
This has been exacerbated by stress, poor posture, 
infectious diseases and lifestyle disorder.[2] Joint 
pain is the dominant symptom of OA.[3 ]Other 
symptoms include instability, swelling, stiffness 

and crepitus in the joint. There is diverse pathology 
in development of OA knee. It includes focal 
damage and loss of articular cartilage, abnormal 
remodelling, attrition of subarticular bone, 
osteophytes formation, laxity of ligaments, 
synovial inflammation and cyst formation in the 
subchondral bone as well as periarticular muscle 
weakness.[4,5] The main triggering factors for 
development of osteoarthritis are biomechanical. It 
includes micro-fracture of subchondral bone, 
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fatigue fracture of collagen fibres or primarily 
release of proteolytic enzymes as well. Then the 
whole sequence of events follows resulting in the 
end stage arthritis. Cytokines in OA are mainly 
produced by chondrocytes, synoviocytes, and 
immune cells. Osteoblasts may play a role in 
remodeling, but they are not the primary source of 
IL-1β and TNF-α, which plays key role in the 
catabolic process of cartilage degradation, 
chondrocyte apoptosis and bone remodelling in 
OA.[6] 

The objectives of treatment in osteoarthritis knee 
are to reduce symptoms, to improve functional 
ability and to halt the progression of structural 
changes. Current treatment modalities of 
osteoarthritis include non-pharmacological, 
pharmacological therapies and surgery. 
Nonpharmacological measures include patient 
education on daily activities modification and 
physiotherapy. Pharmacological therapy includes 
the use of analgesics. Surgical treatments include 
various orthopaedic surgery such as arthroplasty, 
arthrodesis etc. Non-steroidal anti-inflammatory 
drugs (NSAIDs) have long been the preferred 
therapy because of their analgesic and anti-
inflammatory properties, although their use in this 
condition has sparked controversy.[7] 

Currently, alongside traditional treatment, dietary 
supplements have emerged as a potential adjuvant 
strategy to counteract pain in chronic disorders 
such as knee OA or general OA.[8] While 
guidelines from the National Institute for Health 
and Care Excellence (NICE)[9], the Osteoarthritis 
Research Society International (OARSI), and the 
American College of Rheumatology (ACR) 
primarily recommend strategies such as physical 
therapy, weight management, and pharmacological 
treatments, bioactive compounds under 
investigation include collagen, glucosamine, and 
hyaluronic acid or a combination of hyaluronic 
acid, glucosamine, and chondroitin.[10,11] 
Interestingly, these compounds are naturally found 
in the eggshell membrane (ESM), a thin layer 

located between the calcified shell and the egg 
white.[12] ESM composed of fibrous proteins such 
as collagen types I, V, and X; bioactive 
glycosaminoglycans like dermatan sulfate and 
chondroitin sulfate and glucosamine.[13] Typically, 
a 300–500 mg dose of ESM contains these 
components, allowing for meaningful comparisons 
to other preparations already used in patients, such 
as glucosamine, chondroitin sulfate, hyaluronic 
acid, and collagen hydrolysates. [14,15] Due to its 
composition, various clinical trials have evaluated 
ESM as a potential treatment that can promote joint 
health, reduce pain, and alleviate joint 
stiffness.[16,17] ESM contains antioxidant 
peptides, which have been shown to reduce 
oxidative stress, thereby potentially enhancing its 
pain-relieving effects. [18]  

Boswellic acid is the active ingredient in Boswellia 
serrata. Research showed that 3-O-Acetyl-11-keto-
beta-boswellic acid (AKBA) is the one boswellic 
acid with strong pharmacological activity; for 
example, AKBA has a powerful inhibitory effect 
on 5-lipoxygenase (5-LOX). Clinical studies have 
shown that Boswellia serrata extract not only has 
anti-inflammatory and anti-arthritis properties but 
also improves pain and physical function; in vitro 
experiments also show that Boswellia 
serrata extract can inhibit the expression of 
inflammatory factors such as adhesion 
molecules.[19] With regard to the safety 
of Boswellia serrata, studies showed that Boswellia 
serrata extract (such as 5-Loxin and Aflapin) does 
not have toxic side effects at higher doses.[20,21] 

Despite the growing body of evidence supporting 
the efficacy of Boswellia serrata extract and ESM 
in managing OA, there is a lack of comparative 
studies evaluating their relative effectiveness. This 
study aims to fill this gap by conducting a 
comparative evaluation of the efficacy of Boswellia 
serrata extract and ESM in the management of OA 
whether Boswellia serrata extract or ESM provides 
greater overall benefits in the management of OA 
symptoms.

 

 
Figure 1: Chemical Structure of Boswellia serrata extract [22] 
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Figure 2: Hen egg structure and scanning electron micrographs illustrating the morphology of the 
eggshell and eggshell membranes. (A) Eggshell cross-fractured to reveal the shell membrane (SM), 

mammillary layer (ML), and palisade layer (PL); (B) higher magnification of the membrane mammillary 
body interface: Outer shell membrane fibers (OSM); insert into the tips of the mammillary bodies (MB); 

inner shell membranes (ISM); (C) enlargement of the shell membrane fibers (SMF), revealing their 
interwoven and coalescing nature; (D) inner aspect of the inner shell membrane (ISM), demonstrating the 

limiting membrane (LM) that surrounds the egg white here removed during sample preparation. Scale 
bars: (A), 50 mm; (B), 20 mm; (C, D), 2 mm. [23] 

 
Objective: To evaluate pain improvement using 
the Visual Analogue Scale (VAS) in three groups: 
Analgesic, Natural Eggshell Membrane (NEM), 
and Boswellia serrata 

Material and Methods 

Study Type: Prospective, observational, single-
centre study 

Study Setting: Department of Pharmacology and 
Therapeutics in collaboration with the Department 
of Orthopedics, King George's Medical University, 
Lucknow, and Uttar Pradesh, India. 

Participant Enrollment: Patients diagnosed with 
knee osteoarthritis were recruited after obtaining 
informed consent from the Outpatient Department 
of Orthopedics following ethical approval from the 
institutional ethics committee. 

Study Duration: 18 months. 

Sample Size Estimation: Determined using Open-
Epi Software. A total of 117 participants (39 in 
each of the three groups: analgesic, Natural Egg 
Shell Membrane, and Boswellia Serrata) were 
enrolled in the study. 10% dropout rate was 
factored to ensure adequate sample representation. 

Procurement of study products: Commercially 
available Boswellia serrata (Sallaki) 600mg extract 
was recruited from Gufic Biosciences ltd.  

Commercially available Natural egg shell 
membrane (Fixonem) 500mg was recruited from 
Ergos life sciences ltd. 

Inclusion Criteria: 

• Male and female patients aged 35 to 75 years. 
• Newly diagnosed with osteoarthritis. 
• Patients not currently receiving regular anti-

inflammatory drug or dissatisfied with their 
current medication and seeking a change. 

• Patients willing to attend regular follow-up 
visits. 

• Patients able to provide both verbal and written 
informed consent. 

Exclusion Criteria: 

• Known hypersensitivity to herbal extracts or 
dietary supplements. 

• Pregnant or lactating women  
• Use of Ayurvedic formulations within the past 

two months. 
• Participation in any other clinical trial that 

ended in the preceding month or is currently 
ongoing.  

• Inflammatory disease  

Tools Used in the Study 

Semi-Structured Proforma: The proforma 
included demographic information, medical 
history, disease characteristics, baseline laboratory 
investigations and follow-up assessments. 
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Visual Analogue Scale (VAS): Validated tool to 
measure pain intensity in clinical and research 
settings. It consists of a 100mm (10cm) horizontal 
line with two endpoints: '0' representing 'No Pain' 
and '10' representing 'Unbearable Pain.' Patients 
were instructed to mark a point on the scale that 
best represented their current pain level. Pain 
assessment was conducted at three time points: 
baseline (Day 0), Day 60 and 120.  

Baseline Investigations: The tests performed 
included a complete blood count, erythrocyte 
sedimentation rate, C-reactive protein, rheumatoid 
factor, and human leukocyte antigen typing, 
prothrombin time-international normalized ratio, 
viral markers, kidney function tests, random blood 
sugar, serum uric acid, serum creatinine and liver 
function tests. Patients presenting with abnormal 
laboratory findings were excluded from the study. 

Statistical Analysis: Descriptive statistics were 
used to summarize the demographic and clinical 
characteristics of the study population. Data was 
entered in Microsoft Excel and analysed using 
Statistical Package for the Social Sciences (SPSS 

Inc., Chicago, IL, USA) version 26 for Windows. 
Categorical variables were expressed as numbers 
and percentages, while continuous variables were 
presented as mean ± standard deviation (SD) or 
median values where appropriate. Independent t-
tests and one way ANOVA were used to compare 
continuous variables between groups, and the Chi 
Square test, Mann Whitney U test and Wilcoxon 
Signed Ranks Test were used for categorical data. 
A p-value <0.05 was considered statistically 
significant. 

Ethical Considerations: All procedures adhered to 
the guidelines outlined by the Institutional Ethics 
Committee and followed the principles of the 
Declaration of Helsinki.  

Appropriate steps for data safety management were 
implemented to safeguard participant information. 
Subjects were duly informed of their right to 
withdraw from the study at any time, with 
reassurance that their decision would not affect 
their ongoing care or treatment.  

Results and Observation: 

 
Table 1: Group Wise Distribution of Study Population 

S. No. Group Description Frequency (%) 
1 A Etoricoxib 60 mg twice daily (BD) 39 (33.3%) 
2 B Etoricoxib 60 mg BD along with Natural Egg Shell Membrane 

(Fixonem) 500 mg once daily (OD) 
39 (33.3%) 

3 C Etoricoxib 60 mg BD in combination with Boswellia Serrata 
(Sallaki) 600 mg BD 

39 (33.3%) 

 

 
Graph 1: Group wise distribution 

 
Out of 117 patients who completed the study, 39 (33.3%) received Etoricoxib 60 mg twice daily (BD) and were 
classified as Group A, 39 (33.3%) received Etoricoxib 60 mg BD along with Natural Egg Shell Membrane 

Group A
33%

Group B
33%

Group C
33%

Groupwise Distribution
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(Fixonem) 500 mg once daily (OD) and were classified as Group B, and 39 (33.3%) received Etoricoxib 60 mg 
BD in combination with Boswellia Serrata (Sallaki) 600 mg BD and were classified as Group C. 
 

Table 2: Intergroup Comparison of Age 
Age Group Group  ᵪ2 value P value 

Group A (n=39) Group B (n=39) Group C (n=39) 
≤50 years 8 (20.5%) 10 (25.6%) 6 (15.4%) 3.559# 0.469 
51-60 years 13 (33.3%) 15 (38.5%) 20 (51.3%) 
>60 years 18 (46.2%) 14 (35.9%) 13 (33.3%) 
Age 58.46±10.65 56.67±8.78 57.51±8.27 0.364* 0.696 

#Chi Square test; *One Way ANOVA 
 

 
Graph 2: Intergroup comparison of age 

 
The mean age of the study population was 
comparable across all groups (p=0.696). A higher 
proportion of patients in Group C (51.3%) 
belonged to the 51-60 years age group, whereas in 
Group A, the majority of patients (46.2%) were 

above 60 years of age. In Group B, the distribution 
was relatively balanced, with 38.5% of patients in 
the 51-60 years age group and 35.9% in the >60 
years age group. The intergroup comparison of age 
was not statistically significant (p=0.469). 

 
Table 3: Intergroup Comparison of Pain (VAS) at different time intervals 

VAS score Group A (n=39) Group B (n=39) Group C (n=39) F value P value 
0 Days 5.72±0.92 5.97±0.58 5.82±0.79 1.079 0.343 
60 Days 4.64±0.87 4.15±0.43 4.36±0.67 5.016 0.008 
120 Days 3.97±0.1.01 3.59±0.59 3.15±0.59 11.442 <0.001 

*One Way ANOVA 
 

 
Graph 3: Pain (VAS) at different level 
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At 0 days, the mean VAS scores were 5.72±0.92, 
5.97±0.58, and 5.82±0.79 for Group A, Group B, 
and Group C, respectively. There was no 
significant difference in pain scores between the 
three groups at this time point (F=1.079, p=0.343). 
However, at 60 days, the mean VAS scores were 
4.64±0.87, 4.15±0.43, and 4.36±0.67 for Group A, 

Group B, and Group C, respectively, with a 
significant difference between the groups (F=5.016, 
p=0.008). Furthermore, at 120 days, the mean VAS 
scores were 3.97±1.01, 3.59±0.59, and 3.15±0.59 
for Group A, Group B, and Group C, respectively, 
with a highly significant difference between the 
groups (F=11.442, p<0.001). 

  
Table 4: Between group Comparison of VAS score at different time intervals (Mann Whitney U test) 

VAS score Day 0 Day 60 Day 120 
Z value P value Z value P value Z value P value 

Group A vs. B 1.254 0.210 2.790 0.005 1.853 0.064 
Group A vs. C 0.465 0.642 1.193 0.233 3.825 <0.001 
Group B vs. C 0.832 0.406 1.878 0.060 2.946 0.003 
 
By using the Mann Whitney U test in this table, we 
noted that at Day 0, there were no significant 
differences in VAS scores between Group A vs. B 
(Z=1.254, p=0.210), Group A vs. C (Z=0.465, 
p=0.642), or Group B vs. C (Z=0.832, p=0.406). 
However, at Day 60, a significant difference in 
VAS scores was observed between Group A vs. B 

(Z=2.790, p=0.005), but not between Group A vs. 
C (Z=1.193, p=0.233) or Group B vs. C (Z=1.878, 
p=0.060). Furthermore, at Day 120, significant 
differences in VAS scores were observed between 
Group A vs. C (Z=3.825, p<0.001) and Group B vs. 
C (Z=2.946, p=0.003), but not between Group A 
vs. B (Z=1.853, p=0.064). 

 
Table 5: Intragroup Change in Baseline Pain (VAS Day 0) (Wilcoxon Signed Rank Test) 

VAS Score Group A Group B Group C 
0 vs. 60 days Mean 1.08 1.82 1.46 

SD 0.53 0.68 0.85 
% Change 18.9% 30.5% 25.1% 
Z value -5.514 -5.561 -5.273 
P value <0.001 <0.001 <0.001 

0 vs. 120 days Mean 1.74 2.38 2.67 
SD 0.72 0.91 0.81 
% Change 30.4% 39.9% 45.9% 
Z value -5.498 -5.410 -5.541 
P value <0.001 <0.001 <0.001 

60 vs. 120 days Mean 0.67 0.56 1.21 
SD 0.57 0.68 0.66 
% Change 14.4% 13.5% 27.8% 
Z value -4.747 -4.017 -5.273 
P value <0.001 <0.001 <0.001 

 
By using the Wilcoxon Signed Ranks Test this 
study noted that there was a significant reduction in 
pain scores at all time points. From Day 0 to Day 
60, the mean reduction in pain scores was 1.08 
(SD=0.53) in Group A, 1.82 (SD=0.68) in Group 
B, and 1.46 (SD=0.85) in Group C, with percentage 
changes of 18.9%, 30.5%, and 25.1%, respectively 
(all p<0.001).  

From Day 0 to Day 120, the mean reduction in pain 
scores was 1.74 (SD=0.72) in Group A, 2.38 
(SD=0.91) in Group B, and 2.67 (SD=0.81) in 
Group C, with percentage changes of 30.4%, 
39.9%, and 45.9%, respectively (all p<0.001).  

Additionally, from Day 60 to Day 120, the mean 
reduction in pain scores was 0.67 (SD=0.57) in 
Group A, 0.56 (SD=0.68) in Group B, and 1.21 
(SD=0.66) in Group C, with percentage changes of 

14.4%, 13.5%, and 27.8%, respectively (all 
p<0.001). These results indicate a significant 
reduction in pain scores over time within each 
group. 

Discussion 

Knee osteoarthritis (KOA) represents a 
degenerative bone and joint condition that affects 
both men and women, primarily middle-aged and 
older adults. Its prevalence is on the rise as the 
population ages.[24] OA of the knee and hip is a 
major cause of global disability, imposing 
substantial economic burdens.[25]  The Global 
Burden of Disease (GBD) is on the rise, currently 
impacting 7.6% of the global population, 
suggesting the prevalence will be increased by 
132.2% over 30 years and is projected to rise by 60 
to 100% by 2050 of disability.[26] The estimated 
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costs range from 1 to 2.5% of the gross domestic 
product (GDP) in Western countries.[27] Wage 
losses due to OA amount to $65 billion, and direct 
medical costs exceed $100 billion.[28] People with 
knee OA spend, on average, around $15,000 dollars 
(discounted) on the medical treatment of OA over 
their lifetimes.[29]  

Clinical guidelines currently advocate non-steroidal 
anti-inflammatory drugs (NSAIDs) as treatments 
for OA.[30] However, prolonged use of NSAIDs 
has been linked to undesirable side effects, 
including gastrointestinal complications, 
cardiovascular conditions, potential harm to the 
kidneys and liver.[31] Nutraceuticals, 
encompassing glycosaminoglycans and certain 
botanical extracts, have exhibited promise in 
reducing pain, improving function, and preserving 
joint space width.[32] Approximately 30% of OA 
patients have incorporated supplements into their 
treatment regimen.[33] An escalating body of 
research endorses the therapeutic effect of dietary 
supplements for KOA.[34] Nevertheless, because 
of a lack of reproducibility in evidence and 
variabilities between dietary supplement 
manufactures,[35]  the optimal dietary supplement 
for this condition remains highly debatable.  

In our study, the 41.0% patients belonging to 51-61 
years age group, followed by 38.5% were having 
>60 years age group and only 20.5% patients were 
in ≤50 age group. The mean age of the study 
population was comparable across all groups 
(p=0.696).  

The intergroup comparison of age was not 
statistically significant (p=0.469). Park S et al[36] 
reported mean age of the total participants was 
58.14 ± 7.99 years, Kannan et al[37] reported mean 
age was 55.08±8.75 years. This shift in age of onset 
of OA towards relatively younger population was 
also described by Bhatia et al [38] in their study. 
Reason for this shift towards a younger age of 41-
60 years is of multiple etiologies consisting of 
lifestyle, dietary, habitual and environmental 
changes as described by Magrans et al.[39] 

VAS Pain at different time intervals 

At baseline (0 days), VAS pain scores showed no 
significant differences between the three groups. 
However, at 60 days, significant differences 
emerged, with VAS (p=0.008) scores indicating 
varying degrees of pain reduction among the 
groups. By 120 days, the differences between the 
groups became even more pronounced, with highly 
significant differences in VAS (p<0.001) scores.  

Dubey V et al [40] concluded that Boswellia 
Serrata supplementation significantly reduced pain 
(VAS) and OA-related symptoms compared to 
control therapy. Muller C et al [41] concluded that 
eggshell membrane-based supplement showed a 

small improvement in mobility and inflammatory 
biomarkers, hence the symptoms. 

Intergroup comparison 

Mann-Whitney U test revealed no significant 
differences in VAS pain scores between the groups 
at baseline (Day 0). However, at Day 60, 
significant differences emerged in VAS scores 
between Group A and B (p=0.005). By Day 120, 
significant differences were observed in VAS 
scores between Group A and C (p<0.001) and 
Group B and C (p=0.003). However, at Day 60, a 
significant difference emerged between Group A 
and B (p=0.024). By Day 120, significant 
differences were observed between Group A and B 
(p<0.001) and Group A and C (p<0.001), but not 
between Group B and C. However, at Day 60 and 
Day 120, significant differences emerged between 
all group pairs, including Group A vs. B, Group A 
vs. C, and Group B vs. C (all p<0.001). Choi YJ et 
al [42] reported that the standardized Boswellia 
serrata gum resin extract (BSRE) significantly 
reduced knee joint swelling, cartilage destruction, 
and tissue deformation in osteoarthritis-induced 
rats. These results suggest that the interventions 
had a differential impact on pain reduction over 
time, with varying degrees of significance between 
the groups at different time points. 

Intragroup 

Our study noted that a significant reduction in pain 
scores within each group over time. Using the 
Wilcoxon Signed Ranks Test, the results showed 
that from Day 0 to Day 60, Day 0 to Day 120, and 
Day 60 to Day 120, there were significant 
reductions in VAS pain scores in all three groups 
(all p<0.001). The percentage changes in VAS 
scores ranged from 18.9% to 45.9%, indicating 
substantial pain reduction over time.  

Limitations: The study had a relatively small 
sample size and the follow-up period was limited to 
120 days. 

Strengths: Study's comparative design allows for a 
direct comparison of the efficacy of Natural Egg 
Shell Membrane and Boswellia Serrata in patients 
with knee osteoarthritis. Usage of standardized 
outcome measures the VAS scores which are 
widely accepted and validated measures of pain. 

Conclusion 

This study highlights the effectiveness of both 
Natural Eggshell Membrane (NEM) and Boswellia 
Serrata in managing symptoms of knee 
osteoarthritis. Both treatment groups experienced 
significant reductions in pain, as assessed by the 
Visual Analogue Scale (VAS) over the study 
period. Notably, the Boswellia Serrata group 
demonstrated a marginally greater reduction in pain 
scores compared to the NEM group. Intragroup 
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analysis revealed that both treatment arms achieved 
statistically significant reductions in pain over time. 
Intergroup comparisons indicated that Boswellia 
Serrata had superior outcomes in terms of pain 
relief as compared to the Natural Eggshell 
Membrane. 

Clinical Implications 

The findings suggest that both Boswellia Serrata 
and Natural Eggshell Membrane are effective in 
alleviating pain in individuals with knee 
osteoarthritis.  

These results support their consideration as 
alternative or complementary therapeutic options in 
clinical practice. 

Recommendations 

Boswellia Serrata and Natural Eggshell Membrane 
may serve as viable treatment choices for patients 
with knee osteoarthritis, particularly for those 
seeking non-conventional or plant-based remedies. 
Further research should compare these agents with 
conventional pharmacological therapies and other 
non-pharmacological modalities to evaluate relative 
efficacy and safety. 

Future Directions 

Long-term studies are needed to evaluate the 
sustained efficacy and safety of both treatments. 

Investigations into the mechanisms of action and 
possible interactions with other medications will be 
crucial for optimizing their use in clinical settings. 
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