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alone. In the presence of BioPerine', the NAD concentrations reached 257
pmol/mL during the first 2 hr, whereas a comparable serum concentration
(246 pmol/mL) was attained only after 6 hr in NMN alone. The AUCq g, was
1738 pmol/mL/hr in NMN compared to 2004 pmol/mL/hr in NMN+ BioPer-
ine". The time to reach peak concentration (ti,) was similar (6hr) in both
groups. No clinically relevant adverse events (AE) were observed, and safety
parameters remained within normal ranges in all the participants with both
formulations. Conclusion: These results reveal that BioPerine’ can effectively
increase the NAD concentrations in the serum following NMN supplementa-
tion in healthy volunteers. The present study was registered prospectively with
the Clinical Trials Registry-India (CTRI/2023/11/059982).
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Bioavailability, BioPerine’, Nicotinamide Mononucleotide, Nicotinamide
Adenine Dinucleotide, Bioenhancer

1. Introduction

Black pepper, scientifically known as Piper nigrum L., is a commonly used spice
renowned for its pungent component, piperine. Beyond its culinary application,
pepper possesses significant medicinal and preservative activities [1] [2]. Several
studies have revealed that piperine facilitates the absorption and bioavailability of
herbal extracts, phytochemicals, vitamins, and other molecules [3] [4].

A bioenhancer is a substance that can increase the absorption of a co-adminis-
tered compound, without exerting its inherent pharmacological effects [5]. The
concept of bioenhancers originated in the traditional Ayurvedic system of medi-
cine, where black pepper, long pepper, and ginger were used in several formula-
tions. Bioenhancers may also improve efficacy, reduce toxicity, minimize the in-
cidence of drug resistance and lower treatment cost [6] [7].

Piperine has been extensively studied and validated as a bioavailability en-
hancer [7] [8]. Piperine inhibits cytochrome P450 enzymes and UDP-glucuronyl-
transferase, which are responsible for the metabolism of most compounds [9]
[10]. It increases the absorption of co-administered molecules by vasodilation of
gut tissues and inhibits the P-glycoprotein efflux pump, thus increasing their cel-
lular concentration [11]. By stimulating gamma-glutamyl transpeptidase, piperine
enhances the uptake of amino acids [12]. However, it was also noted that piperine
was not a universal bioenhancer and hence, it is imperative to study its effect with
various nutrients [13].

NAD plays a critical role in cellular metabolism, energy production, and DNA
repair [14]. Circadian oscillation of NAD is observed in cells due to circadian reg-
ulation of nicotinamide phosphoribosyltransferase [15] [16]. Age-related health
complications such as cardiovascular disease, diabetes, cancer, and Alzheimer’s dis-

ease are directly related to decreased NAD levels in cells and tissues due to
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dysfunction of systemic NAD* biosynthesis with age [17]-[19]. NAD levels decline
with age due to an increase in NAD-consuming enzymes, and a reduction in
NAD-synthesizing enzymes or both [20]. The steady loss of cellular functioning
that occurs with aging reduces fitness and raises the risk of illness and death [21].
There is a surge in the use of supplements for graceful aging and a growing con-
sumer demand for anti-aging health products [22]. NMN has garnered substantial
interest in recent years, as a precursor for NAD [23]. Owing to its potential effi-
cacy, NMN is now a common ingredient in many anti-aging health products [24].
By the end of 2027, the global NMN market is expected to grow from its 2020
valuation of US$253 million to US$386 million [25].

A common dosage for NMN supplements is around 250 - 500 mg/day; the dos-
age can vary depending on individual needs. In a clinical study, the absorption
plateaus of NMN did not show any significant increase when 300 mg, 600 mg, and
900 mg were used in healthy individuals, suggesting that the absorption of NMN
is not always directly proportional to its dosage [26]. Recently, co-administration
of NMN with resveratrol, or ginsenoside was found to increase the NAD levels in
tissues [27]. Furthermore, orally administered NMN is extensively metabolized in
the stomach and liver, resulting in excretion, as nicotinamide. Thus, it is impera-
tive to create an NMN formulation that can increase its bioavailability [28]. This
study is the first among the project “BioAlphabet”, initiated by Sami-Sabinsa Group
to understand the effect of BioPerine” on different supplement absorption. We ex-
plored the NAD concentrations in serum following oral administration of NMN+

BioPerine (95% piperine) compared to NMN alone.

2. Materials and Methods
2.1. Ethics

The study was approved by the ACE Independent Ethics Committee, Bangalore
on 07-Nov-2023 under protocol number: PRPL-NMN-02-2023. Each participant
signed an informed consent form to take part in the research. The study was per-
formed according to the Indian Council of Medical Research (ICMR) ethical
guidelines for biomedical research on human participants, the International
Council for Harmonization (ICH) Guidelines for Good Clinical Practices (E6-R2)
2016, Central Drugs Standard Control Organization (CDSCO’s) New Drugs and
Clinical Trials Rules 2019 G.S.R. 227 (E), Good Clinical Practices for Clinical Re-
search in India, CDSCO Guidelines for BA/BE Studies-March 2005, and the prin-
ciples enunciated as per the Declaration of Helsinki and in compliance with Good
Laboratory Practice (GLP).

2.2, Participants

Inclusion criteria: The study included healthy adult volunteers in the age group
of 18 - 45 years. The participants had no clinically significant medical history, and
their physical examination results and laboratory profiles, were normal as deemed

by the investigator. The participants were included only if they agreed not to
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consume coffee, tea, cola, chocolate, or any other xanthine-containing food or
drinks, three days before the start of the study and during the washout period.
Only non-pregnant, non-lactating females and postmenopausal women were in-
cluded in the study.

Exclusion criteria: Individuals with a history of uncontrolled systemic diseases,
chronic alcoholism/smoking/drug abuse, hypersensitivity to NMN and BioPerine’
or their excipients were excluded from the study. Other criteria for exclusion from
the study were recent intake of vitamins/mineral supplements/herbal medicines/
prescription drugs/OTC medicines/tobacco within 14 days potentially affecting
NMN pharmacokinetics, recent blood donation or significant blood loss within
the last month, positive report for hepatitis B, hepatitis C, or HIV 1 & 2. Partici-
pants were excluded if they tested positive for the Drugs of Abuse Test during
Screening or Period I or Period II

2.3. Sample Size

A total of 6 volunteers were included in the study. Eligible volunteers were ran-
domized in a 1:1 ratio to NMN 500 mg or NMN 500 mg + 5 mg BioPerine’ groups.

2.4. Study Design

The study was conducted as a pilot, two-arm, two-period, cross-over, open-label,
single-center, comparative trial from 21-Nov-2023 to 29-Nov-2023, to investigate
the effect of BioPerine” on the blood NAD concentrations following oral supple-
mentation of NMN in normal healthy volunteers. The primary objective of the
study was to compare the NAD levels in the blood, following NMN 500 mg and
NMN 500 mg + 5 mg BioPerine supplementation. The secondary objective was to
monitor the safety and tolerability of the investigational products by the incidence
of any AE.

The study consisted of two periods (24 hr each) with a washout period of 4 days
in between (Figure 1). All the eligible volunteers were randomized in a 1:1 ratio
to receive NMN 500 mg or NMN 500 mg + 5 mg BioPerine". In each study pe-
riod, the participants were accommodated in the clinical facility on the day of
dosing. The study participants were fasted overnight for at least 8 hr before ad-
ministration. A single oral dose of NMN 500 mg or NMN 500 mg + 5 mg Bi-
oPerine’ was administered to the participants in a sitting posture at a fixed time
with 240 + 05 mL of water. Blood samples were collected over eight-hour time
points: pre-dose (0 hr), 0.25 hr, 0.50 hr, 0.75 hr, 1.00 hr, 1.50 hr, 2.00 hr, 3.00
hr, 4.00 hr, 6.00 hr, and 8.00 hr, post-dose. Blood samples were obtained through
an indwelling cannula placed in a forearm vein. All serum samples were collected
using a pre-labeled gel tube at the scheduled time with a window period of 2
minutes. Before each sample collection from the cannula, about 0.5 mL of blood
was drawn and discarded. The samples collected at the clinical site were allowed
to stand for 30 minutes and centrifuged at 3000 rpm for 20 minutes to separate

the serum. The serum was aliquoted into two portions and stored at —20°C at
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the clinical site until it was shipped and transferred to the bioanalytical lab for
further analysis.

NADiora (NAD* and NADH) in human serum samples was measured using
the NAD/NADH quantification kit (Catalogue Number, MAK037, Sigma Al-
drich, USA). Laboratory safety assessments (CBC, RBS, HbA1C, LFT, KFT, Thy-
roid Function Test, Lipid profile & Serology, Urine routine with electrolytes)
were carried out at screening and the end of the study. Vital parameters (body
temperature, pulse rate, respiratory rate, and blood pressure) were done through-
out the study. Participants received a standardized meal at 04.00- and 08.00-hr
post-dose with a time flexibility of +15 min from the schedule. Drinking water
was prohibited from 1lhr before dosing until 1hr after dosing, and at all other
times, drinking water was permitted as required. All the participants were in-
structed to avoid coffee, tea, cola, chocolate, or any other xanthine-containing
food or drinks during their stay in the clinic and not to consume citrus fruits
(such as lime, lemon, and orange) containing food items, alcohol and tobacco
starting from 48hr before dosing and during the entire duration of the study.

Grapefruit or its products were prohibited from 10 days before the start and dur-

ing the study.
Assessed for eligibility
(n=8)
Excluded Not meeting inclusion
1 — criteria (n=02)
Enrollment
| Randomized (n= 6) |
lv Allocation l
Allocated to NMN (n= 3) | ezl | Allocated to NMN+B (n= 3) |
Washout period
(4 days)
Allocated to NMN+B (n= 3) | Period Il Allocated to NMN (n= 3) |
Lost to follow-up (n=0) Lost to follow-up (n=0)
Analysis vsed
Analysed(n=6) Analysed(n=6)

Figure 1. Flow diagram of the study as per the consolidated standards of reporting trials
guidelines (NMN+ B: Nicotinamide Mononucleotide 500 mg + 5 mg BioPerine’).

2.5. NAD/NADH Quantification

NAD is an electron acceptor and interconverts to its reduced form NADH (hy-
dride), which is a fundamental process in metabolism. NAD;o in human serum
samples, which included NAD and its reduced form NADH, was measured using
the NAD/NADH quantification kit as per the manufacturer’s instruction (Cata-
logue Number MAKO037, Sigma Aldrich, USA).
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2.6. Chemicals/Reagents Preparation

Reagent vials were briefly centrifuged before opening and ultrapure water was
used to prepare the reagents. NAD cycling buffer was allowed to reach room tem-
perature before use and the NAD cycling enzyme mix was prepared by reconsti-
tuting in 220 pL of NAD cycling buffer. Adequate NAD cycling enzyme mix (2 uL
per assay) was aliquoted as per the requirement and the stock solution was imme-
diately frozen at —70°C for future use. The enzymes were stable for up to 2 months
when stored at —70°C after reconstitution. NADH developer was reconstituted in
1.2 mL of water and mixed well by pipetting without vortexing. NADH standard
was reconstituted in 200 uL of DMSO to generate 1mM solution and mixed well

by pipetting and stored at —20°C.

2.7. Bioanalytical Procedures

In a 96-well assay plate, 50 uL of serum was added, followed by 100 pL of master
reaction mixture (containing 98 puL of NAD cycling buffer and 2 pL of NAD cy-
cling enzyme) and mixed well with a pipette and incubated for 5min at room tem-
perature to convert NAD to NADH. Then 10 uL of NADH developer was added
to each well and incubated at room temperature for 4 hr, and the absorbance was
measured at 450 nm with a microplate reader. The total amount of NAD present
in serum samples (pmol) was determined from the NADH standard curve.

The NADH standards were prepared by diluting 10uL of the ImM NADH
standard with 990 uL of the NADH/NAD extraction buffer to generate a 10uM
standard solution. Subsequently, 0, 2, 4, 6, 8, and 10 puL of the 10uM NADH stand-
ard were added to a 96-well plate, resulting in 0 (blank), 20, 40, 60, 80, and 100
pmol/well standards. The volume in each well was made up to 50 pL with
NADH/NAD extraction buffer. The standard graphs were repeated thrice (Figure
2). An average of 10% of samples were randomly repeated to ensure the experi-

mental variability.

1.6
14 y = 0.0007x + 0.088

R?=0.9854
1.2

[y

Optical density
o
co

0 500 1000 1500 2000 2500
NADH (pmole/well)
Figure 2. The standard curve was repeated thrice, and the average values and Standard
deviation are plotted in the graph. The unknown concentrations were calculated from the
standard curve.
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2.8. Safety

Laboratory safety assessment (CBC, RBS, HbA1C, LFT, KFT, Thyroid Function
Test, Lipid profile & Serology, Urine routine with electrolytes) was assessed at
screening, and end of the study. Vital parameters (body temperature, pulse rate,
respiratory rate, and blood pressure) were assessed at all the scheduled visits.

Well-being and AE were monitored throughout the study.

2.9. Pharmacokinetics (PK)

PK analysis was conducted using the freely available PK calculator web tool
https://dash.gallery/dash-pk-calc/. The differences within the groups were assessed
using a t-test or Wilcoxon signed-rank test based on the normal distribution of data.
A separate analysis was performed for each of the two study groups. The concentra-
tion of NMN was used as the basis to assess the following PK parameters: Half-life
(t12), Area Under the Curve (AUCq.sn, AUCq.ine) % extrapolation, Maximum con-
centration reached (C.y), and Time to reach the maximum concentration (T ).
The concentrations of NMN in the groups that consumed NMN 500mg and NMN
500mg+ 5mg BioPerine formulation were used as the primary parameter to com-

pare the difference in AUC and study outcomes.

2.10. Statistical Evaluation

The data analysis was performed as per the Statistical Analysis Plan (SAP) with a
5% significance level. The final data was analyzed using SAS’ version 9.4 and Mi-

crosoft Excel software 2021 version.

3. Results

A total of six healthy male volunteers were enrolled in the study. All the partici-
pants completed the study and were included in the data analysis. The age of the
participants ranged from 18 to 45 years. All of them had weights in the range of
55 - 69 kg and a BMI of 21.5 to 24.7 kg/m?, which was in the normal range. The
CONSORT flow diagram is represented in Figure 1, and the demographic data in
Table 1.

Table 1. Demographic details.

Parameters (Mean + SD) (Min, Max)
Age (Years) 33.67 +10.25 19, 45
Height (cm) 163 +6.13 155, 170
Weight (kg) 61.8 + 6.34 55, 69
BMI (kg/m2) 2322+ 1.16 21.5,24.7
Pulse Rate (Beats/min) 71.67 + 1.37 70, 74
Respiratory Rate
i 88.17 £ 12.28 68, 98
(Breaths/min)
Systolic BP (mmHg) 128.33 £6.18 120, 139
Diastolic BP (mmHg) 81.33 +3.59 74,94
Body Temperature (°F) 96.67 + 0.47 96, 97
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3.1. Bioanalytical Results

The amount of NAD,y. (pmol/mL) present in the serum samples was determined
from the standard curve (Figure 2).

BioPerine’ significantly improved the pharmacokinetic parameters of NMN

NADiora in human serum samples, which included NAD and its reduced form
NADH, was measured using the NAD/NADH quantification kit as described in
the text. At 0 hr, the average concentration of NAD,a was 136.8 pmol/mL in
NMN and 122.6 pmol/mL in NMN+ BioPerine'. The Cpax was 246 pmol/mL with
NMN and 282 pmol/mL with NMN+ BioPerine’ groups. The percentage increase
in serum concentration of NAD from 0 hr to Cna. was 79.82% for NMN and
130.02% for NMN+ BioPerine’. The change in total NAD concentration from dos-
ing to Cnaxwas 159.4 pmol/mL in NMN+ BioPerine” and 109.2 pmol/mL in NMN
(45.97% increase in the presence of BioPerine’) (Figure 3).

The concentration of the metabolites increased in both groups with time. After
two hours, the average concentration of NADi in the NMN+ BioPerine” group
increased to 257 pmol/mL while it was 195.2 pmol/mL in the NMN group.

The time to reach peak concentration (tm.) was 6 hr in both groups (Table 2).
The addition of BioPerine’ to NMN enhanced the NAD in serum by 14.6%,
which could directly influence the pharmacological responses of NMN.

The area under the curve (AUCy.s:) was also considerably higher in the NMN+
BioPerine’ group at 2004 pmol/mL/hr compared to 1738 pmol/mL/hr in the NMN
group, while the AUCy.inswas 3558 pmol/mL/hr and 3396 pmol/mL/hr with and
without BioPerine” respectively. The PK parameters were found to be significantly
better in NMN+ BioPerine’ compared to NMN (overall p-value of 0.000594 based
on t-test analysis). The time required for NAD level to reduce to half of its initial
value was 7 hr for NMN and 6.1 hr for NMN+ BioPerine” (Table 2).

300+

Conc. of NAD.NADH (pmole/ml)

Time (hr)
-H- NMN 500mg =+ NMN 500mg+SmgBioPerine

Figure 3. Average concentrations of NAD. NADH in NMN 500 mg and NMN 500 mg +
BioPerine 5 mg groups at different time points.
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Table 2. Pharmacokinetic parameters of NMN.

NMN 500 mg + %
Parameter NMN 500 mg . e
5 mg BioPerine Change
Cuax (pmol/mL) 246 282 14.6
AUCo.shr (pmol/mL/hr) 1738 2004 15.3
AUCq.inf (pmol/mL/hr) 3396 3558 4.8
T1s2 (hr) 7 6.1 —-12.85
Tmax (hr) 6 6 0
3.2. Safety

NMN (500 mg) and BioPerine (5 mg) were found to be safe and well tolerated in
healthy adult participants under fasting conditions. There was no significant varia-
bility in the safety parameters during the treatment period. No severe, serious, or

life-threatening AE were reported or observed during the study (Table 3).

Table 3. Laboratory safety parameters.

Parameter Screening EOS
(Mean + SD) (Mean + SD)
Lipid Profile
Total Cholesterol (mg/dL) 177.33 £ 26.51 183.5 + 29.75
Triglycerides (mg/dL) 119.16 + 74.25 178.83 £ 135.71
HDL-C (mg/dL) 46.5 £ 11.51 445+ 12.18
LDL-C (mg/dL) 106.5 £ 20.02 102.83 £ 10.99
VLDL-C (mg/dL) 25.16 £ 15.17 35.5£27.01
Complete Blood Count
Hemoglobin (gram/dL) 14.96 + 0.65 15.06 +0.70
RBC (million/pL) 4.77 £0.38 4.85+0.35
Packed Cell Volume (%) 43.33 + 1.69 44.03 + 2.45
Mean Cell Volume (fL) 91.16 + 8.07 90.72 +7.94
MCH (pg) 31 +2.58 30.51 +2.36
MCHC (%) 3440 33.43 + 0.63
Total Leukocyte Count (cell/cm) 6786.667 + 1241.017 6108.33 +1172.78
Neutrophils (%) 59.45 +4.83 52.51 £ 6.33
Lymphocytes (%) 29.75 + 3.63 343 +5.34
Monocytes (%) 7.13+1.34 8.35+1.13
Eosinophils (%) 3.33 £2.51 431 +£2.53
Basophils (%) 0.33 £0.11 0.36 £0.13
Platelet Count (lakhs/cumm) 2.63 £0.39 2.72 £ 0.45
Mean Platelet Volume (fL) 8.63 + 1.01 8.83 + 0.96
Urine Routine
Color Pale Yellow Pale Yellow
Transparency Clear Clear
PH 6.25 £ 0.25 6.16 £ 0.23
Specific Gravity 1.01 + 0.006 1.02 + 0.001
Glucose Absent Absent
Protein Absent Absent
Ketone Bodies Absent Absent
Urobilinogen Normal Normal
Nitrites Absent Absent
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Continued
Pus cells/HPF 1-5 1-4
Epithelial cells 1-5 1-8
RBC 2-3 1-3
Crystals Absent Absent
Cast Absent Absent
Bacteria Absent Absent
Thyroid Function
T3 (ng/dL) 1.47 £0.19 1.27 £0.14
T4 (ng/dL) 8.89 £ 3.60 9.22 £1.10
TSH (ng/dL) 2.89 £ 148 2.44 + 1.66
HbA1C 5.93 £ 0.40 6.1 £0.52
Renal Function
Urea (mg/dL) 24.83 £6.28 21.66 +£4.02
BUN (mg/dL) 11.51 £2.82 9.83 £1.95
Uric Acid (mg/dL) 7.85 £ 0.80 6.15+0.83
Serum Creatinine (mg/dL) 0.85+0.13 0.84 £0.10
Electrolytes
Sodium (mmol/L) 137 £ 0.81 138.5 + 0.76
Potassium (mmol/L) 4.33 £0.32 3.96 £0.13
Chloride (mmol/L) 102.5 + 0.76 102.16 £ 2.33
Urine Electrolytes
Sodium (mmol/L) 191.5 £ 61.29 163 + 26.59
Potassium (mmol/L) 30.83 £10.99 10.41 +2.19
Chloride (mmol/L) 192.16 + 52.07 152.16 £ 19.51
FBS (mg/dL) 91.33 £9.44 100.83 £ 15.91
Liver Function Test
Total Bilirubin (mg/dL) 0.66 £ 0.19 0.48 £ 0.14
SGOT (U/L) 23.83 £2.96 155+ 1.11
SGPT (U/L) 20.83 £5.30 20 +4.83
GGT (U/L) 38.5 + 8.99 33.5 + 8.53
Alkaline Phosphatase (IU/L) 145.16 + 183.42 52.5+ 7.45
Albumin (g/dL) 4.71 £0.43 4.15+0.15

The values related to the laboratory safety parameters from screening to the end of the
study (EOS) are represented as Mean + SD. MCH: Mean corpuscular hemoglobin, MCHC:
Mean corpuscular hemoglobin concentration, RBC: Red blood cell count, HDL-C: High-
density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, VLDL-C:
Low-density lipoprotein cholesterol, HPF: High power field microscope, TSH: Thyroid-
Stimulating Hormone, BUN: Blood Urea Nitrogen, FBS: Fasting Blood Sugar, SGOT: se-
rum glutamic-oxaloacetic transaminase, SGPT: Serum Glutamic Pyruvic Transaminase,
GGT: Gamma-glutamyl transferase.

4. Discussion

This randomized double-blind trial has shown that the serum concentration of
NAD can be increased in the presence of a small quantity of piperine in the NMN
supplement formulation. The supplement was safe, and no adverse reactions were
observed in the study participants.

NAD is an electron acceptor and interconverts to its reduced form NADH (hy-

dride), which is a fundamental process in metabolism. NMN, a precursor of NAD
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is used as an antiaging supplement. NAD levels deplete in the body with age, and
impact mitochondrial energy production, leading to oxidative stress, DNA dam-
age, cognitive impairment, and inflammatory conditions [2]. In preclinical stud-
ies, NMN was reported to get absorbed in the intestine and immediately converted
into NAD" in tissues. In the last few years, multiple clinical trials have shown an
increase in NAD concentration in serum following oral supplementation of NMN
[29]-[31]. The NADy. and NADH in serum were analyzed using colorimetric
method, mass spectrometry, or LC-MS/MS in these studies. In an efficacy and
safety study of P-nicotinamide mononucleotide (NMN) supplementation in
healthy adults, Yi et al. (2023) reported an increase in NAD concentrations in
serum as analyzed by colorimetric method and safety up to a dose of 900 mg daily
for 60 days [26].

In the present study, we used a validated colorimetric method for the analysis
of NADq levels in serum, to understand the effect of piperine on NAD; levels
after NMN supplementation. BioPerine’ is a patented extract derived from the
fruits of black pepper (Piper nigrum), containing a minimum of 95% piperine.
Piperine is known to improve nutrient absorption by stimulating the pancreatic
digestive enzymes, thereby enhancing the digestive capacity, and notably decreas-
ing the gastrointestinal food transit time which allows the nutrients and drugs to
be absorbed more efficiently [32] [33]. It inhibits the metabolizing enzymes like
cytochrome P450 and UDP-glucuronyltransferase which is responsible for the
metabolism of nutrients [3].

BioPerine’ is marketed by Sabinsa Corporation and has been used as a bioavail-
ability enhancer for more than 20 years. BioPerine  has the remarkable ability to
increase the bioavailability of co-administered nutrients. The bioenhancing activ-
ity of BioPerine'is mediated by modulating the enzymes responsible for metabo-
lizing nutritional substances, by stimulating the activity of amino-acid transport-
ers in the intestinal lining, inhibiting the p-glycoprotein, the “efflux pump” pro-
tein that prevents nutrients from entering the cells and decreases the intestinal
production of glucuronic acid and by reducing the activity of glucuronyl transfer-
ase enzyme thereby permitting more of the substances to enter the body in their
active form [11] [13] [34]. In the presence of BioPerine (5 mg), the AUC of coen-
zyme Q10 was found to increase by 30% in human plasma compared to coenzyme
Q10 alone [35]. Similar effects were also reported with 60% increase in serum
beta-carotene levels in the presence of 5mg BioPerine [36]. A recent detailed study
on a rat model showed co-administration of piperine with curcumin resulted in a
selective reduction in the expression of UDP-glucuronyltransferase (UGT) and
sulfotransferases (SULT) a novel mechanism by which piperine enhances the bi-
oavailability of curcumin. The result of this study suggests that UGTs and SULTSs
transform curcumin into biologically inactive metabolites. By inhibiting these en-
zymes, piperine ensures bioavailability of curcumin [37].

Piperine is a safe molecule at the concentration used for bio-enhancement. It is

not genotoxic and does not induce any AE, even at 5 - 20 times higher doses than
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the average human intake [38]. Piperine has been used along with vitamins, min-
erals, and nutrients as a bioavailability enhancer [39]-[41]. At the recommended
dose of 5mg, oral BioPerine’, administration is not likely to have any safety con-
cerns.

In the present study, we observed an increase in NAD in the serum of individ-
uals consuming NMN+ BioPerine’ compared to NMN. AUC serves as an indica-
tor of drug availability in the body, representing the overall quantity of active
drugs entering systemic circulation [42]. The AUC.g1: of NADora, Was 15.3% higher,
while the Crax showed 14.6% improvement in the NMN+ BioPerine” group when
compared to NMN, suggesting better availability of NAD in the presence of pip-
erine.

Similar results of increased bioavailability of herbal extracts were observed with
Curcumin [43], stilbenes [44], Biolron [45], and coenzyme Q10 levels [35] with
BioPerine’ in preclinical and clinical studies. The presence of piperine was shown
to increase the oral bioavailability and immune response of Ginsenoside Rh2 by
increasing the permeability and AUC and inhibiting the metabolism of Rh2 [46].
An in vivo study demonstrated the efficacy of piperine in enhancing the emodin’s
bioavailability by inhibiting glucuronidation which increased the AUC and Cpax
of emodin [47].

Our results concur with these studies and suggest that the addition of BioPerine’
may be beneficial in increasing the NAD for cellular functions. NMN has been
used at doses ranging from 250 to 900 mg per day, and its absorption did not show
any significant increase from 300 mg to 900 mg used in healthy individuals [26].
We used the most common dose of 500 mg in our study, to get a detectable
amount of NAD in the serum.

BioPerine' has been shown to be a safe bioenhancer for several nutrients [39]-
[41]. This effect with NMN may help to reduce the required dosage of NMN, while
maintaining the therapeutic efficacy [48]. Alternatively, it can help to deliver
higher NAD in chronically deficient individuals.

As NAD levels reduce with age, the use of BioPerine” with NMN may help in
maintaining the critical levels of NAD in geriatric individuals. Maintaining NAD
levels provides numerous health benefits including cardiometabolic and immune
health. Thus, the addition of BioPerine” to NMN could have wide ranging health
benefits in individuals consuming the supplement. The bioenhancement observed
in the present study was moderate, compared to the over 30% increase in bioa-
vailability reported for other supplements [35] [43]. This could be because the
study evaluated the bioenhancement effect after a single dose of NMN. Although
it was not intentional all the volunteers recruited in the present study belonged
to male gender. Gender related differences have been reported for NAD.
Women are generally known to have lower NAD levels, and this can influence
the PK and efficacy of NMN supplementation [49]-[51]. Future studies with
longer dosage schedules of the NMN with BioPerine” in both male and female

volunteers will help understand the long-term safety and enhancement effect of
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BioPerine’ on NMN.

5. Conclusion

The result of the present study suggests that BioPerine can be used effectively to
increase the NAD concentrations in the serum following NMN supplementation
in healthy volunteers. BioPerine" has the potential to be used as a bio-enhancer
when combined with NMN.
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