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Abstract

Background. Turmeric and boswellia supplements have gained popularity for their anti-inflammatory and
antioxidant properties. It is important to critically assess the safety of such supplements for prolonged use.

Objectives. To assess the safety and tolerability of turmeric-boswellia-sesame oil formulation (TBSF)
in healthy human volunteers.

Materials and methods. Forty participants were supplemented with TBSF at a dose of 2,000 mg daily for
90 days. Safety assessments were performed at baseline, as well as on day 30, 60 and 90. Adverse events were
monitored throughout the study period. Any evidence of hepatotoxicity injury or drug induced liver injury
(DILI) was assessed using R value (R ratio/R factor), which is a relative pattern of liver enzymes. Addition-
ally, Hy's law criteria, based on liver enzymes and bilirubin levels, were employed, along with an evaluation
of drug-induced serious hepatotoxicity (eDISH) plot. The neutrophil-to-lymphocyte ratio (NLR) and platelet-
to-lymphocyte ratio (PLR) were calculated, as these values are relevant to the safety of the intervention.

Results. The study found that TBSF supplementation did not cause any adverse effects or clinically significant
variations in vital signs, hematological parameters, lipid profile, liver function enzymes, and renal function
markers, and all were within the normal range after 90 days of TBSF supplementation. Platelet-to-lymphocyte
ratio and NLR did not change significantly and were within the normal range. All the participants when plotted
were in the normal range quadrant of the eDISH plot throughout the study period. No abnormal findings were
observed in R value and Hy's law criteria, indicating that TBSF does not induce any hepatotoxicity. The present
study showed a normal estimated glomerular filtration rate (eGFR), blood urea nitrogen (BUN), creatinine
(Cn), Crclearance, and BUN/Cr ratio throughout the study period. There was no significant change between
these values at 4 abovementioned time points.

Conclusions. The study findings suggest that TBSF is a safe supplement for regular and long-term con-
sumption.
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Background

Nutraceuticals are bioactive compounds derived from
plant sources that provide nutritional and medicinal ben-
efits. The growing consciousness among consumers regard-
ing potential health benefits and the necessity for enhanced
wellness, especially in the post-pandemic era, highlights
the importance of nutraceuticals. Furthermore, their safety,
effectiveness and affordability contribute to their growing
popularity. Nutraceuticals are easily accessible and widely
available, making them attractive to a broad range of con-
sumers. However, concerns regarding their safety and effi-
cacy remain a topic of significant interest and investigation.

The use of natural products, such as turmeric and bo-
swellia, for their anti-inflammatory properties has gained
significant attention in musculoskeletal health.! While
turmeric and boswellia have exhibited effectiveness
in addressing these concerns over time, the challenge lies
in the scarcity of natural products capable of delivering
swift pain relief.2-3 The experience of joint pain or mus-
cle soreness is distressing and has a significant impact
on a person’s quality of life. Therefore, timely management
and alleviation of inflammation is crucial to improving
the overall wellbeing and quality of life of those affected.
Promptly addressing the muscle or joint discomfort can
minimize suffering, enable individuals to perform daily
activities, and result a sense of comfort and wellbeing. De-
spite the growing popularity of natural products, more re-
search and investigation is needed in this area. The unique
formulation (Rhuleave-K) presented in this study combines
turmeric, boswellia and sesame seed oil, and its integra-
tion with innovative technology represents a remarkable
breakthrough in the field of natural products.

Turmeric and boswellia extract have been extensively
researched for their effectiveness in managing inflamma-
tion, but the time required to see noticeable effects can
be a challenge. However, the solubilization of turmeric
and boswellia extracts in sesame seed oil sets Rhuleave-K
apart from conventional physical blends. Given the sig-
nificantly enhanced efficacy of Rhuleave-K, it is important
to thoroughly evaluate its safety in humans, and this study
is the first of its kind to address this aspect.

Objectives

The objective of the study was to assess the safety and
tolerability of a novel formulation consisting of turmeric,
boswellia and sesame oil (TBSF) integrated using SPEED-
TECH technology (Rhuleave-K, Arjuna Natural Pvt. Ltd.,
Kochi, India), administered at a dosage of 2,000 mg per day
over a 90-day period, in healthy adult volunteers. This ob-
jective of this study was to conduct comprehensive safety
evaluations, including hematological, biochemical, radio-
logical, and urine analyses, to provide a valuable insight
into the potential for long-term clinical use of TBSE.

S.Kim et al. Safety study of turmeric-boswelia formulation

Materials and methods

The research protocol and associated documents under-
went review and were approved by Royal Pune Independent
Ethics Committee, Pune, India (date of approval: Febru-
ary 7, 2022; Drugs Controller General of India (DCGI)
registration No. ECR/45/Indt/MH/2013/RR-19). The study
was conducted in accordance with the declaration of Hel-
sinki (52" World Medical Association (WMA) General
Assembly, Edinburgh, Scotland, October 2000) and the In-
ternational Conference on Harmonization guidelines
on Good Clinical Practice (GCP).

Study participants

The study population comprised healthy adult individu-
als of either gender, aged 18-55 years, without any clini-
cally significant abnormalities as determined by the prin-
cipal investigator based on the medical history, physical
examination, chest X-ray, electrocardiogram (ECG), and
routine laboratory evaluations. Additionally, all partici-
pants were required to demonstrate a willingness and abil-
ity to fully comply with the study procedures.

Individuals who tested positive for SARS-CoV-2 infec-
tion using reverse transcription quantitative polymerase
chain reaction (RT-qPCR) or who had a history of comor-
bid medical conditions, including cardiovascular, endo-
crine, renal, hepatic, or other chronic diseases that may
affect stress/anxiety levels, were excluded from participa-
tion in the study. Those with a history of anxiety disorders
or other mental health conditions that may impact normal
functioning, as well as those with a history of serious com-
plications from diseases or any condition, including labora-
tory abnormalities, that in the opinion of the investigator
posed an unacceptable risk or rendered the volunteer unfit
to participate in the study, were excluded. Written informed
consent was obtained from the participants by the investi-
gator before initiating the screening process. There was no
coercion of any kind and only those who voluntarily signed
the consent form were included in the study.

Investigational product

The participants were instructed to take orally vege-
tarian reddish-brown soft gel capsules of TBSF 2,000 mg
(500 mg x 2 soft gels, twice daily), containing 532 mg
curcuminoids and 20 mg acetyl keto-boswellic acids, for
a period of 90 days.

The TBSF contains turmeric extract (Curcuma longa L.),
boswellia serrata extract and black sesame seed oil (Sesa-
mum indicum). Cultivated variety of turmeric rhizomes
from India were extracted with ethyl acetate and stan-
dardized to contain 26.6% curcuminoids. Wild variety
of Boswellia serrata gum resin sourced from India was
extracted using ethyl acetate and standardized to con-
tain 1% acetyl-11-keto-B-boswellic acid (AKBA). The active
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components from Curcuma longa and Boswellia serrata
were uniformly solubilized in sesame seed oil sourced from
India using proprietary technology. The investigational
product was manufactured in compliance with applicable
Good Manufacturing Practice (GMP) and Food Safety and
Standards Authority of India (FSSAI) regulations, labelled
and supplied by Arjuna Natural Pvt Ltd.

Participants received 3 bottles, each containing 128 “size 0”
TBSF soft gel capsules. Bottle 1 was given at enrollment,
bottle 2 at the 30-day follow-up visit and bottle 3 at the 60-
day follow-up visit. Participants were instructed to take only
120 capsules from each bottle for 30 days (2 capsules twice
daily), with 8 extra capsules for emergencies. Participants re-
turned the bottles at the subsequent visit. The study coordi-
nator maintained accurate records of the dates and amounts
of capsules dispensed and consumed, and the percentage
of treatment adherence was calculated.

Study procedure

This open-label study evaluated the safety and tolerabil-
ity of TBSF in healthy adult volunteers. A total of 40 healthy
volunteers were recruited in a single arm of the study. All
the eligible participants were instructed to take TBSF
at dose of 2 capsules (500 mg each) twice daily, in the morn-
ing and evening, for 90 days. The capsules could be in-
gested with or without food, according to the preferences
of the participants, as instructed. The follow-up visits were
at day 30, day 60 and day 90. Change in the safety param-
eters from baseline to endpoint compared at different time
points were the primary outcomes of the study. The toler-
ability of the test product was determined by observing and
evaluating the occurrence of adverse events throughout
the treatment period up to the last dose. Averse events and
serious adverse events reported by the participants were
evaluated as secondary outcomes of the study.

Study assessments

Primary safety assessments of the repeated dose of TBSF
included hematological and biochemical parameters. He-
matological parameters included complete blood count
(CBC) (hemoglobin (Hb), white blood cells count (WBC),
platelet count (PLT), red blood cells count (RBC), hema-
tocrit (HCT), neutrophil, eosinophil, lymphocytes, mono-
cytes, basophil, and erythrocyte sedimentation rate (ESR)).
Biochemical parameters included liver function test (total
bilirubin, serum glutamate pyruvate transaminase (SGPT),
serum glutamic oxaloacetic transaminase (SGOT)), renal
function test (serum creatinine (CR), blood urea), lipid
profile (low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), very-low-density
lipoprotein (VLDL), total cholesterol (TC), and triglycer-
ides (TQ)), fasting blood sugar, and urine analysis.

Glomerular filtration rate (GFR) is considered as an im-
portant test to determine the level of kidney function.
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It describes the flow rate of filtered fluid through the kid-

ney and identifies the stage of renal disease. The GFR was

estimated based on the Chronic Kidney Disease Epidemiol-

ogy Collaboration (CKD-EPI) formula,* as detailed below:
For women with Cr <62 pmol/L:

eGFR (mL/min/1.73 m?) =
144 x (Cr/61.6)-932 x (0.993)2¢¢

1. For women with Cr >62 umol/L:

eGFR (mL/min/1.73 m?) =
144 x (Cr/61.6)712% x (0.993)%¢

2. For men with Cr <80 pmol/L:

eGFR (mL/min/1.73 m?)
— 141 x (Cr/79.2)-0411 x (0.993)qe

3. For men with Cr >80 pumol/L:

eGFR (mL/min/1.73 m?) =
141 x (Cr/79.2)~12 x (0.993)2¢¢

where, “eGFR” is estimated glomerular filtration rate.

Hematology and biochemistry parameters were assessed
at screening and on days 30, 60 and 90. Radiological pa-
rameters (ECG and X-ray) were assessed at screening and
at the end of the study. Overall tolerability of the study
medication was assessed by observing and evaluating
the occurrence of adverse events and grading them as poor,
fair, good, or excellent. Secondary safety assessments in-
cluded vital signs and physical examination results at all
visits and treatment-emergent adverse events reported
by study participants throughout the treatment period.
Participants were instructed to monitor themselves daily
for any signs of adverse reactions throughout the study
period. The investigator provided detailed guidelines for
self-assessment of adverse reactions to ensure their con-
sistent and accurate reporting, and each participant was
provided with a standardized observation form that in-
cluded sections to provide information on the date and
time of the observation, the nature of the adverse event,
and any other comments. Each participant’s forms and
responses were reviewed at each visit to assess for any
adverse reactions during the study period.

Statistical analyses

As this research was conducted as a pilot study, an arbi-
trary sample size of 40 participants was selected for inclu-
sion. Prior to statistical analysis, normality of the variables
was assessed using the Shapiro—Wilk test (Supplementary
Tables 1-5). Additionally, the assumption of sphericity
was tested using Mauchly’s sphericity test (Supplementary
Table 6). The study data set was analyzed using repeated
measures analysis of variance (rm-ANOVA) when normal-
ity and sphericity assumptions were met, as rm-ANOVA
has greater statistical power. If the sphericity assumption
was violated, the Greenhouse—Geisser correction was
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applied. When the data did not meet the normality as-
sumption, the nonparametric Friedman’s rank test was
used as the nonparametric analog of the one-way rm-
ANOVA, with a = 0.05. Pairwise multiple comparison
of Hy’s criteria was done using the McNemar’s test, and
Bonferroni correction was applied to account for mul-
tiple comparisons. To test for the differences in the bi-
nary R function outcomes, Cochran’s Q test was used. All
statistical tests were conducted using NCSS v. 20 (NCSS
LLC, Kaysville, USA).

Results
Study participants and recruitment

Forty-six participants were screened after obtaining their
written informed consent. Six participants were excluded
from the study because they did not meet the eligibility cri-
teria. Consequently, 40 study participants were enrolled
according to the approved protocol and completed the study
(Fig. 1). No amendments were made to the protocol and no
instances of non-adherence to the protocol were observed
during the study. The study had no missing data or dropouts.
No adverse events or serious adverse events were reported.

Demographic characteristics
and vital signs

The study participants were 22 men and 18 women with
an average age of 32.38 years (Table 1). No significant varia-
tion was observed in the vital signs and weight of the par-
ticipants over the course of the study (Table 2).

Table 1. Demographic profile of the study population

S. Kim et al. Safety study of turmeric-boswelia formulation

Safety assessment
Hematology

Complete blood count is an important tool in the safety
assessment of a drug or substance. It count includes the mea-
surement of several parameters, such as WBCs, PLT, RBCs,
Hb, and HCT as well as RBC indices like mean corpuscu-
lar hemoglobin (MCH), mean corpuscular volume (MCV)
and mean corpuscular hemoglobin concentration (MCHC).
The neutrophil-to-lymphocyte ratio (NLR) is the ratio
of absolute neutrophil count to the absolute lymphocyte
count. The platelet-to-lymphocyte ratio (PLR) is the ratio
of absolute platelet count to the absolute lymphocyte count.
The study results showed that RBC indices, WBC, PLT, and
differential count did not show any significant change at any
time point. However, MCH and basophil absolute levels
showed an increase at day 30 compared to baseline, which
was not clinically significant. Furthermore, ESR values
at day 60 and day 90 were decreased compared to the base-
line. There were no significant changes in PLR and NLR,
which remained within the normal range (Table 3).

Lipid profile

The lipid profile is an important component of safety as-
sessment, particularly when evaluating the safety of an in-
tervention that may affect lipid metabolism. The lipid pro-
file typically includes measurements of LDL-C, HDL-C,
TC, and TG. In this study, HDL-C increased significantly
with nonsignificant decrease in TG and LDL-C, confirm-
ing no deterioration of renal function. The lipid profile
data are shown in Table 4.

w Number Age
Participants -
of participants mean +SE
Total 40 3238£1.53
Male 22 3041 £1.54
Female 18 3478 £2.77

Height [cm] Weight [kg]

mean +SE mean +SE
159.83 £1.36 7323 £0.83
165.50 £1.24 7331+0.79
152.89£1.39 7313 £1.59

SE — standard error.

Table 2. Vitals and weight

Parameters Saseline
mean +SE mean +SE
Weight [kg] 7323 £0.83 73.255 £0.83
Temperature [°C] 36.64 +0.02 36.69 +0.03
Systolic [mm Hg] 1164 £0.52 114.8 £0.73
Diastolic [mm Hg] 77 £043 77.18 £0.62
Pulse_rate [bpm] 86.08 +0.66 83.63 +0.84
Respiratory rate [per min] 17.2 +£0.07 1728 +0.13

Friedman

mean +SE mean +SE

73.2 £0.81 73.375£0.83 - 0.939
36.75 £0.04 36.62 £0.02 - 0.248
116.2 £0.34 115.23 £0.44 — 0.066
77.5+0.58 77 £0.43 - 0.574
84.93 £1.31 83.05 +0.78 - 0.113
17.08 £0.17 17.25 £0.21 - 0.734

SE - standard error; ANOVA — analysis of variance.
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Assessed for eligibility (n = 46)
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Excluded (n =6)

+ Not meeting inclusion criteria (n = 6)
» «+ Declined to participate (n = 0)
+ Other reasons (n = 0)

A 4

| No randomization

A 4

Allocation Allocated to intervention (n = 40)
+ Received allocated intervention (n = 40)
+ Did not receive allocated intervention

(give reasons) (n = 0)

;
Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Analysis v
Analyzed (n=0)
+ Excluded from analysis (n = 0)

Table 3. Assessment of hematology

Fig. 1. Study flow diagram

S Baseline Day 30 Day 60 Day 90 ANOVA | Friedman
mean +SE mean +SE mean +SE mean +SE p-value p-value

Hb [g/dL] 13.5+0.28 13.75 +£0.21 13.7 £0.22 13.8+0.26 0.371 -

RBC [cells/uL] 4.61 £0.09 4.56 £0.07 4.57 £0.07 4.61 £0.09 - 0.283
HCT [%] 41.23£0.83 41.51 £0.65 41.1 £0.69 4139 +£0.94 - 0.155
MCH [pg/cell] 29.31+0.16 30.2+0.31 29.97 £0.1 29.94 £0.1 - 0.001
MCHC [g/dL] 32.74 £0.08 33.15+0.18 33.36 £0.12 33 +£0.09 = 0.057
MCV [FL] 89.51 £0.39 91.07 £0.78 89.88 £0.45 90.73 £0.29 - 0.177
WBC [cells/uL] 7,768.5 +£307.94 7647.2 £231.71 7,696.23 £203.33 74185 £246.82 - 0.583
Platelets [cells/uL] 23,6725 +£12,932.22 | 23,9151.25 +£10,629.99 @ 2355103 +7817.73 = 235,529.18 £6,750.68 - 0.060
Neutrophil absolute [cells/uL] 4,807.98 £252.18 4,666.8 +177.41 4,797.70 £142.49 4,644 £171.91 - 0.818
Lymphocyte absolute [cells/uL] 2,490.68 +102.52 2,525.65 +70.84 2,462.63 +64.53 22912 +71.21 0.150 -

Monocyte absolute [cells/uL] 233.18 £14.63 219.75 £13.94 219 £10.84 246.28 £19.84 = 0.818
Eosinophil absolute [cells/uL] 23663 £11.11 220.78 £15.22 209.08 £16.34 230£12.75 0433 -

Basophil absolute [cells/uL] 0+0 14.38 +4.79 7934233 7.08 +£2.75 - 0.008
NLR 2.04 £0.14 1.87 £0.07 1.96 £0.04 2.04 £0.05 - 0.252
PLR 101.78 £7.63 97.28 £4.93 96.46 £2.67 103.74 £1.84 = 0488
ESR [mm/h] 20.78 £2.16 15.15+06 14.68 £0.69 16.03 £0.62 - 0.209

SE — standard error; ANOVA — analysis of variance; Hb — hemoglobin; RBC - red blood cells; HCT — hematocrit; MCH — mean corpuscular hemoglobin;
MCHC — mean corpuscular hemoglobin concentration; MCV — mean corpuscular volume; WBC — white blood cells; NLR — neutrophil-to-lymphocyte ratio;

PLR — platelet-to-lymphocyte ratio; ESR — erythrocyte sedimentation rate.

Liver function test

Liver function tests (LFTs) are a group of blood tests
that are commonly used in safety assessment to evaluate
liver function and to detect liver damage or disease. They
typically include tests for liver enzymes such as aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), and bilirubin levels. The study
results showed that there was no significant difference

in liver function test responses at baseline, day 30, day 60,
and day 90 (Table 5).

The R value, also known as the R ratio or R factor,
is a measure of the ratio of serum concentrations of 2 liver
enzymes: ALP and ALT. Itis used to define hepatotoxicity
injury patterns. The R value can provide additional infor-
mation about liver function and damage beyond individual
enzyme levels. The relative pattern of ALT and/or ALP
elevation indicates the type of drug-induced liver injury
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Table 4. Lipid profile

S. Kim et al. Safety study of turmeric-boswelia formulation

Parameters faseline
mean +SE mean +SE mean +SE mean +SE
TC [mg/dL] 16345 £5.08 163.33 +4.7 164.25 £3.7 165.18 £4.03 0.923 -
HDL [mg/dL] 4513 £0.76 4578 £1.17 4593 £1.39 50.05 £1.46 - 0.024
LDL [mg/dL] 86.47 £4.19 86.52 £3.92 84.16 £4.08 82.15+3.34 - 0.690
VLDL [mg/dL] 31.86 £2.83 2653 £1.76 2896 £1.53 29.13+£148 - 0.006
TG [mg/dL] 159.28 £14.16 140.08 £7.5 144.78 £7.63 145.63 +7.42 = 0.645
FBS [mg/dL] 8638 £1.97 8643 £1.35 86.3+148 889+1.23 - 0.079

SE - standard error; ANOVA — analysis of variance; TC - total cholesterol; HDL — high-density lipoprotein; LDL — low-density lipoprotein; VLDL - very low-

density lipoprotein; TG - triglycerides; FBS - fasting blood sugar.

Table 5. Liver function test

Baseline

Parameters

mean +SE mean +SE

mean +SE

mean +SE

ALT (SGPT) [U/L] 34.73 £4.27 32161 31.85+1.55 3293 £12 = 0.075
AST (SGOT) [U/L] 3333+1.86 3413 £1.15 338+1.14 36.1£1.19 - 0.067
ALP [U/L] 10045 £541 96.28 +4.05 96.43 +3.7 92.78 +3.41 0.273524 =

Bilirubin [mg/dL] 0.67 +£0.04 0.68 £0.03 0.66 +0.06 0.73 +0.03 - 0.509

SE - standard error; ANOVA — analysis of variance; ALT — alanine aminotransferase; AST — aspartate aminotransferase; ALP — alkaline phosphatase.

Table 6. R function analysis using Cochran'’s Q test

Condition Percentage
Rnot<2 R<2 Rnot<2 R<2
0 6 34 15 85
30 2 38 5 95
60 2 38 5 95
90 2 38 5 95

Q ‘ df ‘ p-value ‘ Significant at 0.05

45 3 0212 no

df — degrees of freedom; Q — quartile.

(DILI). A relatively elevated ALT compared to the ALP
level indicates a hepatocellular pattern of DILI, whereas
the opposite indicates a cholestatic pattern. In this study,
none of the study participants experienced a hepatocellu-
lar injury or cholestasis or mixed injury at any time point
(Table 6).

Hy’s law criteria is a set of clinical criteria used to as-
sess the likelihood of severe liver injury or liver failure
in patients taking potentially hepatotoxic drugs. They are
defined as the occurrence of elevated liver enzymes (ALT
or AST greater than 3 times the upper limit of normal)
and elevated bilirubin levels (greater than 2 times the up-
per limit of normal) without initial findings of cholestasis
and absence of other explanation of liver injury (e.g., viral
hepatitis, alcoholic hepatitis).> Meeting Hy’s law criteria
is associated with a high risk of severe liver injury or failure
and can be an indication to discontinue the use of the po-
tentially hepatotoxic drug. Therefore, Hy’s law criteria are
an important component of safety assessment for drugs
that may potentially cause liver injury.

The primary graphical tool to evaluate a drug’s liver
safety profile and promptly identify cases of special

concern is the evaluation of drug-induced serious hepa-
totoxicity plot (eDISH). This plot displays a log/log cor-
relation between peak total bilirubin (TBL) and ALT, both
measured in multiples of the ULN. Horizontal and verti-
cal lines on the plot indicate the thresholds of Hy’s law:
ALT = 3 x ULN and total bilirubin = 2 x ULN. Study
participants potentially meeting the Hy’s law criteria are
clearly visible in the upper right quadrant of the graph.
Data points in the lower right quadrant, exceeding
3 x ULN for ALT, but remaining below 2 x ULN for total
bilirubin, also suggest an increased risk for liver injury
(Temple’s Corollary range). According to the U.S. Food and
Drug Administration (FDA) guidance on drug-induced
liver injury, the identification of 1 case meeting Hy’s law
criteria in the clinical trial database is a cause for concern.
However, the detection of 2 such cases is highly predictive
that the drug has the potential to induce severe DILI when
administered to a larger population.

Figure 2 illustrates the concept of the eDISH method.
Each dot on the plane represents 1 subject in the clinical
study. For each subject, the peak TBL multiplied by the up-
per limit of the reference range (ULRR) is plotted against
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Fig. 2. Representation of evaluation of drug-induced serious hepatotoxicity (eDISH plot). A, B, C, and D represents the data of baseline, day 30, day 60, and

day 90, respectively. Each dot on the plane represents individual participants in the clinical study. In the graph, for each participant, the peak total bilirubin
(TBL) times the upper limit of the reference range (ULRR) is plotted against the peak alanine aminotransferase (ALT) times the upper limit of the reference

range (ULRR), on a log10 scale. The 2 reference lines, 2 x ULRR for TBL x ULRR and 3 x ULRR for ALT x ULRR, are drawn to divide the plane into 4 quadrants
— upper left (cholestasis quadrant), upper right (Hy's law quadrant), lower right (temple’s corollary quadrant), and lower left (normal quadrants). Normal

cases are in the lower left quadrant

Table 7. Evaluation of drug-induced serious hepatotoxicity (eDISH) plot quadrants

Quadrant Condition
Upper left cholestasis
Upper right Hy's law
Lower right temple’s corollary
Lower left normal

>2 x ULN <3 xULN
>2 x ULN >3 x ULN
<2x ULN >3 X ULN
<2 x ULN <3 x ULN

TBL - total bilirubin; ALT — alanine aminotransferase; ULN — upper limit of normal.

the peak ALT multiplied by the ULRR, utilizing a log10
scale. Figure 2 illustrates the approach proposed by Zim-
merman® to use both the indicator of hepatocellular injury,
i.e., ALT, and the measure of impaired liver function (TBL)
together. Figure 2 includes 2 reference lines: 2 x ULRR for
TBL x ULRR and 3 x ULRR for ALT x ULRR, dividing
the plane into 4 quadrants (Table 7). Normal cases are
situated in the lower left quadrant. Notably, the upper right
quadrant is known as Hy’s law quadrant, encompassing
potentially DILI cases. Any subject falling within the Hy’s
law quadrant required additional investigation to adjudi-
cate the case.

In our study, Fig. 2 shows that all study participants fall
in the lower left quadrant (normal) at baseline, day 30,
day 60, and day 90. None of the study participants were
in the Hy’s criteria range, the temples corollary range
or the cholestasis range, which is a safe indication that
the product does not induce any hepatotoxicity. Further
analysis of the Hy’s criteria using Cochran’s Q test and

McNemar’s test showed that all study participants were
in the normal first quadrant. However, there was a sig-
nificant change in the proportion of study participants
and study participants moving into the inner normal
range when baseline was compared to day 60 and day 90
(Tables 8,9).

Renal function test

Renal function tests, including GFR and urine analysis,
are important parameters in the safety assessment of any
formulation.

Renal function assessment, involving measurements
of Cr and/or blood urea nitrogen (BUN), is deemed es-
sential for most clinical studies, alongside liver function
tests such as serum glutamic oxaloacetic transaminase
(SGOT), serum glutamic pyruvate transaminase (SGPT)
and ALP. This assessment holds particular significance
in the development of new drug or nutraceuticals. Renal
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Table 8. Hy's criteria data

0 = within 15t quadrant but outside the inner normal range
rectangle

Time point

Hys_0

Hys_30 8 20
Hys_60 4 10
Hys_90 1 25

S. Kim et al. Safety study of turmeric-boswelia formulation

1 =inner normal range

32 80
36 90
39 975

Table 9. Hy's criteria data using McNemar test

Multiple comparisons using the McNemar test

Comparison*

Hys_0vs Hys_30 70 80 4
Hys_0 vs Hys_60 70 90 8
Hys_0 vs Hys_90 70 97.5 1
Hys_30 vs Hys_60 80 90 4
Hys_30 vs Hys_90 80 97.5 7
Hys_60 vs Hys_90 90 975 3

Significance
0.046 no
0.005 yes
0.001 yes
0.046 no
0.008 yes
0.083 no

tindividual comparison alpha = (overall alpha)/c = 0.05/6 = 0.00833; df — degrees of freedom.

function tests play a critical role in monitoring the kid-
ney’s response to treatment and measuring the progres-
sion of kidney disease. The BUN, a byproduct of liver
function and protein digestion, serves as an indicator
of renal function. Creatinine, derived from the creatine
breakdown in muscle metabolism, is another waste prod-
uct indicative of renal function. However, the Cr clearance
may be influenced by patient muscle mass, diminishing
with age despite serum Cr levels staying within the nor-
mal range due to age-related muscle mass reduction.

Glomerular filtration rate stands as the gold standard
test for assessing kidney function, reflecting the rate
at which fluid is filtered through the kidney and indicating
the stage of renal disease. While serum Cr concentration
is commonly interpreted as a measure of GFR and used
as an index of renal function in clinical settings, it is im-
portant to note that glomerular filtration of Cr is only one
determinant of its serum concentration. The GFR is es-
timated with serum Cr level using appropriate formula.

Glomerular filtration rate declines with age, even in peo-
ple without kidney disease. The graph (Fig. 3) shows that
the estimated GFR has never gone below the normal values
at any time point for any individual.

The present study indicated a normal eGFR, BUN, Cr, Cr
clearance, and BUN/Cr ratio throughout the study period
and there was no significant change between these values
at 4 time points (Table 10).

Urine analysis

Urine analysis can provide valuable information about
kidney function and overall health. It includes a standard

battery of tests of physical character (appearance, color,
specific gravity), chemical analysis (pH, ketones, proteins,
glucose, and bile) and microscopic evaluation of sediments
(RBC, WBC, bacteria, and epithelial cells). The specific
gravity measures the kidneys’ capacity to reabsorb dis-
solved components of urine. Urine can vary widely in con-
centration. Table 10 shows that there was no significant
change in the specific gravity and pH of urine throughout
the study period and that these parameters were always
within the normal range.

Ketones were absent in the urine at all time points.
In a healthy individual, urine typically does not contain
protein because protein molecules are too large to pass
through the glomerular filtration barrier. Ketones, which
are products of abnormal fat breakdown, are not typically
present in urine of healthy individuals. Glucose enters
the urine only when the serum glucose concentration
surpasses the renal threshold for glucose reabsorption,
which is typically around 180 mg/dL. In this study, since
the serum glucose was well below the limit, glucose was
absent in urine. The absence of bilirubin in the urine could
indicate the efficient removal of breakdown products
from RBCs by the liver, potentially suggesting a healthy
liver. Likewise, the absence of blood in the urine suggests
that the filtration barrier in the kidneys is functioning
normally, effectively preventing blood from entering
the urine.

Urine analysis is an effective screening tool for the as-
sessment of an individual’s health status. The results of this
study demonstrated no abnormal findings, which corrobo-
rates the findings of the LFT, renal function test (RFT) and
blood analysis.
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Table 10. Renal function test and urine analysis

1285

Fig. 3. Representation of estimated
glomerular filtration rate (eGFR)

of participants in the study. Each
dot on the plane represents
individual participant in the clinical
study. Estimated standardized GFR
is represented in red and average
age specific normal value of GFR

is represented in green. Estimated
glomerular filtration rate has never
gone below the normal values

at any time point for any individual

Parameter faseline

mean +SE mean £SE
pH 6.14 £0.04 6.09 +0.08
Specific gravity 1.02 +0 1.02 +0
Bun [mg/dL] 7144011 7.18+0.12
Creatinine [mg/dL] 0.76 £0.01 0.77 £0.01
Bun Crratio 9.47 +0.09 9.36 +0.1
GFR Std [mL/min/1.73 m?] 116.73 £1.36 11559 +1.35
Cr clearance [mL/min] 13538 £2.39 132,59 £1.81
eGFR difference 791 £0.55 6.76 £0.57

Friedman
mean +SE mean £SE
6.15 £0.05 6.27 £0.05 = 0333
1.02 0 1.02 +0 - 0.281
6.91 £0.09 7.04£0.13 = 0.552
0.76 £0.01 0.76 £0.02 - 0.461
9.17 £0.11 9.28 £0.1 = 0.209
11635 +1.33 116.12 +1.36 - 0461
13448 £1.75 134.63 £2.33 = 0316
7.53+£0.53 729 4£0.62 0.234 -

SE - standard error; ANOVA - analysis of variance; pH — potential of hydrogen; BUN — blood urea nitrogen; Cr — creatinine; eGFR — estimated glomerular

filtration rate.

Radiological assessment

Electrocardiography and radiography were performed
during screening and at the end of the study, and were
found to be clinically nonsignificant and safe. It is note-
worthy that none of the study participants experienced
symptoms such as anorexia, nausea, vomiting, fatigue,
or abdominal pain. The absence of these symptoms high-
lights the favorable tolerability of the product and sug-
gests that it did not cause any gastrointestinal or systemic
discomfort. It is also important to note that no adverse
events or serious adverse events were observed throughout
the study, which indicates that the product has a favorable
safety profile.

Discussion

The present study aimed to investigate the safety profile
of TBSF with SPEEDTECH (Rhuleave-K). The integration
of these natural compounds, known for their anti-inflam-
matory properties, represents a novel approach in address-
ing musculoskeletal health. Our findings indicated that
TBSEF, administered at a dosage of 2,000 mg per day over
a 90-day period, demonstrated a favorable safety pro-
file in humans. Notably, the incorporation of TBSF with
SPEEDTECH (Rhuleave-K) in the solubilization process
of turmeric and boswellia extract within sesame seed oil
distinguishes this formulation from traditional blends.
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This innovative approach not only enhances the efficacy
of the product but also contributes to its safety. Com-
prehensive safety assessments, including monitoring for
potential adverse effects, were conducted to ensure study
participants’ wellbeing.

Complete blood count provides information about
the effects of the drug or substance on the blood cells,
which can be used to assess the potential toxicity and
adverse effects of the drug or substance on the hemato-
logical system. For example, a decrease in the RBC count,
Hb or HCT may indicate anemia, which can be a side ef-
fect of certain drugs or substances. Similarly, an increase
in the WBC count may indicate an immune response
to the drug or substance. Platelet count is also important
as it can indicate potential bleeding risks. In summary,
CBC can help to detect potential toxicity and adverse ef-
fects on the hematological system.

The NLR and PLR are both calculated from values ob-
tained in CBC. They are simple and cost-effective biomark-
ers that have been proposed as indicators of inflammation
and immune status in various conditions. In the context
of safety assessment, NLR and PLR can provide useful
information about the immune response of an individual,
which may be relevant to the safety of an intervention. For
example, an increase in NLR or PLR may indicate a height-
ened inflammatory response, which could be indicative
of adverse effects or toxicity. Additionally, PLR and NLR
have been proposed as predictors of disease severity and
prognosis in a variety of conditions, which could be useful
in safety assessment.”1!

Lipids are an important class of biomolecules with
diverse functions within the body, serving as an energy
source, contributing to the structural integrity of cell
membranes, and acting as precursors to hormones and
other signaling molecules. However, abnormal lipid me-
tabolism can lead to various health problems, including
cardiovascular disease (CVD). Abnormalities in lipid
profile can indicate a higher risk of CVD. For example,
elevated levels of LDL-C are linked with an increased
risk of coronary heart disease and atherosclerosis. El-
evated levels of HDL-C correlate with a reduced risk
of CVD. Assessing changes in lipid profile during drug
development can help identify potential safety issues and
inform dosing recommendations. The HDL-C has been
linked to renal dysfunction in heart failure patients, but
the apolipoprotein Al (ApoAl) and apolipoprotein B
(ApoB), TC, TG, and LDL-C exhibit no such associa-
tion.!*12 Some research indicated that low HDL-C levels
are linked to a faster progression of kidney disease.!®
Moreover, a recent randomization analysis reported that
genetically higher concentration of HDL-C were linked
to improved kidney function, based on large samples
form the largest lipid and chronic kidney disease (CKD)
cohorts.” Visconti et al.'* observed that lipid disorders
in CKD are marked by decreased HDL-C, elevated
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triglycerides and LDL-C levels that are either normal
or slightly reduced. Although the mechanism behind
this association remains unclear, previous studies!®~1#
have demonstrated that HDL-C possess antioxidant,
anti-inflammatory and antithrombotic properties. These
functions may mitigate atherosclerosis in renal and other
arteries, suggesting a potential protective role for HDL-C
in renal functions.?’

Elevated liver enzymes can be an indicator of liver dam-
age, inflammation or disease. Abnormal bilirubin levels
can indicate liver or bile duct disease. Therefore, LFTs are
an important component of safety assessment for drugs
or other substances that may potentially cause liver dam-
age or dysfunction. Alkaline phosphatase increases when
there is injury to the bile ducts or obstruction of bile flow.
Elevations in serum enzyme levels (ALP, ALT and AST)
are indicators of liver injury, whereas rise in bilirubin levels
may indicate the overall functioning of the liver.

The results of this study demonstrated that TBSF was
well-tolerated and did not induce any adverse effects based
on the assessments conducted.

Curcumin, the active compound in turmeric, has been
extensively studied for its safety and therapeutic efficacy.
Multiple clinical trials evaluating curcumin supplementa-
tion have consistently reported no major safety concerns
or cases of DILL2%2! Similarly, boswellia, derived from
the resin of Boswellia serrata, has been widely used in tra-
ditional medicine and clinical studies reported its safety
without significant liver-related adverse events.?

In the context of herbal supplements, it is crucial to ac-
knowledge the potential risks associated with certain prod-
ucts, particularly DILL Some studies reported cases of liver
injury or DILI associated with certain herbal products,
highlighting the importance of thorough safety evalua-
tions.?%23 For example, a case-control study reported a cor-
relation between the use of specific herbal supplements and
liver injury, reinforcing the need for further investigation.?*
Caution is warranted as some studies reported potential
hepatotoxicity associated with high doses of piperine.?
However, TBSF evaluated in this study showed no evidence
of hepatotoxicity.

In this study, results of liver function tests, including
AST, ALT and bilirubin, were within normal limits at all
time points, indicating the safety of the formulation.
The R value and Hy’s criteria were also evaluated to as-
sess the risk of DILL The R value was less than 5 in all
participants, indicating a low risk of liver injury.

The lipid profile is an essential indicator of cardiovascu-
lar health and is often evaluated during safety assessments.
Our study found no significant changes in the lipid profile
of patients taking TBSF, indicating that it did not have any
adverse effects on lipid metabolism. Renal function tests,
including BUN and serum Cr, were evaluated in this study,
and no significant changes were observed, indicating that
TBSF did not have a negative effect on renal function.
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Complete blood count is an essential test for evaluating
the safety of any treatment or medication. The study found
no significant changes in the CBC of patients taking TBSEF,
indicating its safety. The study results showed that TBSF
was safe and had no adverse effects on liver function, lipid
profile, renal function, CBC, radiological assessment, and
urine analysis.

The study findings support the hypothesis that TBSF,
when integrated with SPEEDTECH (Rhuleave-K), is a well-
tolerated and safe option for long-term use. These findings
provide a valuable insight into the safety profile of TBSF,
paving the way for its potential clinical applications.

Limitations

The study included a small sample size of participants,
which may limit the generalizability of the results, and
a short 90-day observation period, which may be inad-
equate to detect long-term effects. In addition, the focus
of the study was on healthy adults, which limited its ap-
plicability to a broader population. In addition, the study
lacked a comparison group, making direct comparisons
with alternative treatment options difficult. Another limi-
tation of the study was that some of the key markers, such
as cystatin C, kidney injury molecule 1 (KIM-1) and in-
terleukin 6 (IL-6) levels were not included in the analysis.
To confirm and extend the study results, further research
and larger studies are warranted.

Conclusions

The results of the study demonstrated that TBSF (Rhu-
leave-K) is safe and has no adverse effects on liver func-
tion, lipid profile, renal function, CBC, radiological assess-
ment, and urine analysis. The study provides a valuable
insight into the safety profile of TBSF for long-term use.

Supplementary data

The Supplementary materials are available at https://
zenodo.org/doi/10.5281/zenodo.13757433. The package
includes the following files:

Supplementary Table 1. Results from Shapiro—Wilk test
of normality for weight and vitals.

Supplementary Table 2. Results from Shapiro—Wilk test
of normality for hematology parameters.

Supplementary Table 3. Results from Shapiro—Wilk test
of normality for lipid test parameters.

Supplementary Table 4. Results from Shapiro—Wilk test
of normality for LFT test parameters.

Supplementary Table 5. Results from Shapiro—Wilk test
of normality for urine sample test parameters.

Supplementary Table 6. Results from Machuly’s test
of sphericity for normally distributed hematology, lipid,
LFT, and urine sample test parameters.
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