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Role of Acacia catechu and Scutellaria baicalensis in Enhancing Immune 
Function Following Influenza Vaccination of Healthy Adults: A Randomized, 
Triple-Blind, Placebo-Controlled Clinical Trial

Erin D. Lewis, David C. Crowley, Najla Guthrie and Malkanthi Evans

KGK Science Inc, London, Ontario, Canada

ABSTRACT
Objective:  The study aimed to examine the role of an Acacia catechu and Scutellaria baicalensis 
formulation, UP446, on supporting immune function in response to influenza vaccination.
Methods:  A randomized, triple-blind, placebo-controlled, parallel study consisted of a 56-day 
intervention period with a 28-day pre-vaccination period, an influenza vaccination on Day 28 and 
28-day post-vaccination period. Fifty healthy adults 40–80 years of age who had not received their 
flu vaccine were randomized to either UP446 or Placebo. At baseline, Days 28 and 56, immune and 
oxidative stress markers were measured in blood and a quality of life questionnaire was administered. 
Participants completed the Wisconsin Upper Respiratory Symptom Survey (WURSS)-24 daily.
Results:  In the post-vaccination period, total IgA and IgG levels increased in participants 
supplemented with UP446 vs. those on Placebo (p ≤ 0.026). As well, influenza B-specific IgG increased 
19.4% from Day 28 to 56 and 11.6% from baseline at Day 56 (p ≤ 0.0075). Serum glutathione 
peroxidase (GSH-Px) was increased in the pre-vaccination period and from baseline at Day 56 with 
UP446 supplementation (p ≤ 0.0270).
Conclusion: These results suggest a 56-day supplementation with UP446 was beneficial in mounting 
a robust humoral response following vaccination. Increasing GSH-Px in the pre-vaccination period 
may help improve antioxidant functions and potentially mitigate the oxidative stress induced 
following vaccination.

Introduction

Acute respiratory tract infections are one of the leading causes 
of morbidity and mortality. According to the World Health 
Organization (WHO), an estimated 3–5 million severe cases of 
seasonal influenza require hospitalization and account for 
290,000–650,000 deaths per year globally (1). To mitigate the 
impact of respiratory viruses, several public health strategies 
are available including annual vaccination programs for influ-
enza. In recent years including the past 2020/2021 season, vac-
cination rates in Canada and the US ranged from 27 to 50% 
of the adult population (2). In Canada, the national influenza 
vaccination coverage goal is 80% of those at risk of 
influenza-related complications or hospitalization. Every year, 
these programs must predict which strain to vaccinate against 
due to the virus’s ability to rapidly evolve and mutate. In the 
United States (US), the 2019/20 flu vaccine effectiveness was 
estimated at only 34–39% for adults 18 years of age or older 
(3). This is consistent with previous years, with effectiveness 
varying between 19 and 54% (4). Strategies that may increase 
the efficacy of the flu vaccine and reduce the severity and 
duration of upper respiratory tract infections (URTIs) are needed.

Immunomodulatory nutraceuticals with a well-established 
safety profile with proven efficacy in boosting the immune 
response to influenza vaccine while maintaining innate and 
adaptive immune functions are certainly warranted. Various 
nutrients including vitamin A, vitamin B12, folate, selenium, 
iron, copper and omega-3 fatty acids play an important role 
in supporting the immune system, and optimal nutritional 
status is key in protection against viral infections (5). The 
addition of supplements or nutritional interventions have 
been investigated to improve the immune response to influ-
enza and efficacy of the influenza vaccine (6–9) and more 
recently the COVID-19 vaccine (10). The flavonoid extracts 
of Acacia catechu and Scutellaria baicalensis have been 
shown to reduce pro-inflammatory gene expression in vitro 
(11) and Acacia catechu supports anti-inflammatory activity 
and increases antibody titers after immunization in rodent 
models (12). While these in vitro and in vivo studies suggest 
these ingredients have effects on immune function, there is 
a dearth of evidence on their immunomodulatory properties 
using human vaccine models in clinical trials.

The objective of this study was to investigate a formu-
lation, UP446, containing Acacia catechu and Scutellaria 
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baicalensis compared to Placebo on supporting immune 
function in a healthy adult population. A vaccine model 
using the quadrivalent influenza vaccine (QIV) was used to 
examine if prophylactic supplementation of UP446 modu-
lates the immune response that is induced after adminis-
tering a vaccine (8, 13). Modulation of immune function 
focused on immune cell populations and humoral immunity 
as they are the direct effectors of the influenza vaccination 
immune response (14, 15).

Materials and methods

Study design

The design was a randomized, triple-blind, placebo-controlled, 
parallel study conducted at the KGK Science Inc. clinic site 
(London, Ontario, Canada) from February 17 to May 21, 
2021. The complete study design is shown in Figure 1 which 
includes three groups: UP446, UP360 and Placebo. The 
UP360 formulation contains a mixture of aloe vera gel pow-
der, rosemary and Poria cocos extracts. The current manu-
script will report on UP446 vs. Placebo only as UP446 has 
a distinct mechanism of action and differentially affects 
immune function compared to UP360.

In-clinic study visits occurred at screening, baseline (Day 
0), Day 28 and Day 56, where baseline to Day 28 was 
considered the “pre-vaccination” period, and Day 28 to 
Day 56 was “post-vaccination.” At screening, potential par-
ticipants were assessed for eligibility using medical history, 
inclusion/exclusion criteria, clinical chemistry and hema-
tology, concomitant therapies, and current health and vac-
cination status. Prior to baseline, eligible participants 
completed a 3-day run-in period during which the 
Wisconsin Upper Respiratory Symptom Survey (WURSS)-24 
and study diary was completed daily to identify any par-
ticipants who self-reported COVID-19 or flu, and the 
WURRS-24 assessed by the Medical Director (MD). Any 
participant with COVID-19 or flu prior to baseline was 
removed from the study and followed up appropriately. 
Study products were consumed daily for a total of 56 days 
including 28 days before and 28 days after a challenge with 
a seasonal QIV.

Ethics and participants

This study was approved by the Natural and Non-Prescription 
Health Products Directorate (NNHPD), Health Canada, 
Ottawa, Ontario on February 1, 2021. Research ethics board 
approval was granted on February 2, 2021 from the 
Institutional Review Board (IRB) Services, Aurora, Ontario 
(Pro00049388). The study was conducted in compliance with 
the International Council for Harmonization of Technical 
Requirements for Pharmaceuticals for Human Use (ICH) 
Guideline for Good Clinical Practice (GCP) and in accor-
dance with the Declaration of Helsinki guidelines and its 
subsequent amendments. The trial was registered on the 
International Clinical Trials Registry Platform on September 
10, 2021 (ISRCTN15838713) and followed the CONSORT 
guidelines for randomized controlled trials (16) 
(Supplementary Table S1). Written informed consent was 
obtained from all participants prior to any study procedures 
being initiated.

Participants who met all inclusion without meeting any 
exclusion criteria at screening and baseline were randomized 
into study groups. Participants were male and female 
between the ages of 40 and 80 years, had not yet but were 
willing to receive the influenza vaccine and agreed to pro-
vide verbal history of flu vaccination. Participants were 
required to complete questionnaires and diaries, and main-
tain current lifestyle habits of diet, exercise, and sleep as 
well to maintain their current medications, and supplement 
routine.

Individuals were excluded if they had a known allergy 
to the investigational products (IPs) or QIV; were unvacci-
nated and had the flu prior to baseline from September 
2020, or prior to study vaccination; had a diagnosis of 
COVID-19 prior to baseline or study vaccination; had 
received the COVID-19 vaccine; used dietary supplements 
or herbal medicines to boost or modulate the immune sys-
tem unless willing to washout; used immunomodulators 
within 4 weeks of baseline; were cognitively impaired and/
or unable to give informed consent; or had any other con-
dition, chronic disease, or lifestyle factor, that, in the opinion 
of the MD, may have adversely affected the participant’s 
ability to complete the study or its measures or posed sig-
nificant risk to the participant.

Investigational products and vaccines

The IP, UP446, contained a formulation of Acacia catechu 
(Senegalia catechu) and Scutellaria baicalensis for which 
preparation details have been disclosed in a US patent (17) 
and the preparation of extracts and full composition using 
High Performance Liquid Chromatography (HPLC) has been 
previously described by Yimam et  al. (18) and Yimam et  al. 
(19). Briefly, UP446 is a greenish yellow to brown powder 
containing standardized extracts from Acacia catechu and 
Scutellaria baicalensis. The Scutellaria baicalensis extract has 
a baicalin content of no less than 60% as the major com-
ponent (18). Catechins were extracted from Senegalia catechu 
from stem heartwood at a ratio of 20:1. The major compo-
nent in the Senegalia catechu extract is (+)-catechin at no Figure 1. S tudy design.
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less than 10% (18). The IP contained excipients maltodex-
trin, microcrystalline cellulose (MCC), and magnesium 
stearate.

The Placebo contained MCC and magnesium stearate. 
All products were manufactured by Acenzia (Tecumseh, 
Ontario, Canada).

Participants were instructed to take two capsules of study 
product (either UP446 or placebo) per day, one in the morn-
ing and one in the evening around mealtimes with food 
and 4–6 ounces of water for 56 days. If a dose was missed, 
participants were instructed to take the dose as soon as 
possible and advised not to exceed four capsules daily.

At Day 28, all participants received an intramuscular 
injection of influenza vaccine specific for the 2020/2021 flu 
season (FLUCELVAX® QUAD, Seqirus, Kirkland, QC). The 
strains present in the vaccine were Hemagglutinin A/
Hawaii/70/2019 (H1N1) pdm09-like virus (A/
Nebraska/14/2019), Hemagglutinin A/Hong Kong/45/2019 
(H3N2)-like virus (A/Delaware/39/2019), Hemagglutinin B/
Washington/02/2019-like virus (B/Darwin/7/2019) and 
Hemagglutinin B/Phuket/3073/2013-like virus (B/Singapore/
INFTT-16-0610/2016).

Randomization and blinding

Eligible participants were assigned a randomization number 
by a blinded investigator according to the order of the ran-
domization list (www.randomization.com). A randomization 
schedule was created and provided to the investigator indi-
cating the order of randomization. Investigators, other site 
personnel, statisticians and participants were blinded to the 
products.

The Placebo was matched to the IP with similar excip-
ients and appearance to ensure blinding. The IP and Placebo 
were sealed in bottles that were identical in appearance and 
labeled according to the requirements of ICH GCP guide-
lines and applicable local regulatory guidelines. Unblinded 
personnel not involved in any study assessments labeled the 
study products.

Compliance

Participants were instructed to save all unused and open 
packages and bring them to each study visit and product 
compliance was calculated by determining the number of 
dosage units taken divided by the number of dosage units 
expected to be taken, multiplied by 100. In the event of a 
discrepancy between the information in the study diary and 
the amount of study product returned, compliance was based 
on the product returned unless an explanation for the loss 
was provided.

Outcomes

The objective of this study was to investigate the efficacy 
of UP446 on supporting immune function in healthy adults 
following influenza vaccination. The primary outcome tested 

the difference between UP446 and Placebo in the increase 
in blood lymphocyte populations (CD3+, CD4+, CD8+, 
CD45+, TCRγδ+, CD3−CD16+56+) and immunoglobulins 
(IgG, IgM, and IgA) from baseline at Day 28 and 56. 
Secondary outcomes included erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP), hematology, comple-
ment C3 and C4 proteins, influenza-specific antibodies, 
advanced glycation end products (AGEs), glutathione per-
oxidase (GSH-Px) and superoxide dismutase (SOD). The 
incidence, frequency, and severity of URTI symptoms, 
COVID-19 and flu cases and hospitalizations, use of 
over-the-counter cold and flu medication and quality of life 
were other secondary outcomes. Safety outcomes included 
clinical chemistry, pre- and post-emergent adverse events, 
and vitals.

Laboratory analysis

Blood drawn at baseline, Day 28 and Day 56 by venipunc-
ture was used to assess primary, secondary and safety out-
comes. Lymphocyte populations were analyzed by flow 
cytometry (London Health Sciences Center Laboratory, 
London, ON). A whole blood sample was incubated with 
fluorescent-tagged monoclonal antibodies specific for T and 
B lymphocytes and Natural Killer cells. The flow cytometry 
instrument was a 10-colour Navios and Kaluza software was 
used for analysis, both from Beckman Coulter. Analysis of 
two and four-colour tubes with CD45 and antigen gating 
were used to determine the populations of interest and the 
absolute counts were determined using a bead-based method 
also known as single platform testing. Immunoglobulins 
were analyzed using Roche Cobas c701 analyzer (LifeLabs, 
London, ON). The reference ranges for adults over 19 years 
of age were between 0.5–4.17 g/L, 6–16 g/L, and 0.3–2.30 
for IgA, IgG, and IgM, respectively.

ESR, CRP, hematology, complement C3 and C4 protein 
were measured by Roche Cobas c701 with reference ranges 
for C3 and C4 proteins of 0.9–1.80 and 0.15–0.53 g/L, 
respectively. Hematology including hemoglobin, hematocrit, 
platelet count, red blood cell count (RBC), red blood cell 
indices, red cell distribution width (RDW), white blood cell 
count (WBC), differentials (neutrophils, lymphocytes, mono-
cytes, eosinophils, basophils) was analyzed (LifeLabs) using 
standardized procedures. Influenza-specific antibodies were 
analyzed by Qualitative ELISAs as follows (Unigen, Tacoma, 
WA): Human Influenza A IgA ELISA (Abcam # ab108743), 
Human Influenza A IgG ELISA (Abcam # ab108745), 
Human Influenza A IgM ELISA (Abcam # ab108747), 
Human Influenza B IgA ELISA (Abcam # ab108744), Human 
Influenza B IgG ELISA (Abcam # ab108746), Human 
Influenza B IgM ELISA (Abcam # ab108748). The observed 
ranges were as follows: 0–28 for Influenza A IgA, 0–73 for 
Influenza A IgG, 0–51 for Influenza A IgM, 0–18 for 
Influenza B IgA, 0–29 for Influenza B IgG, 0 − 26 for 
Influenza B IgM. AGE Assay Kit (Abcam # ab273298), a 
semi-quantitative fluorescent method was used for the anal-
ysis of AGEs. The observed range was 60–110 AU/mg serum 
protein. SOD was analyzed using the SOD Assay Kit 

http://www.randomization.com
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(Cayman Chem # 706002) for which the analytical range 
was 0–5.75 U/mL. Glutathione Peroxidase Assay Kit (Abcam 
# ab102530), a quantitative colorimetric method was used 
to analyze GSH-Px. The amount of GSH-Px enzyme 
was  proportional to the amount of glutathione disulfide 
(GSSG) produced from reduced glutathione (GSH) as mea-
sured by the NADPH consumed in the reduction of GSSG 
to GSH. The analytical range for GSH-Px was 0–333 mU/mL.

Modified WURSS-24 questionnaire

The WURSS-24 Questionnaire captured the incidence, fre-
quency, and severity of URTI symptoms (20). The modified 
WURSS-24 used in this study included a revision that 
referred to “symptoms” rather than “cold” to clarify that 
symptoms may be due to any URTI not specific to a cold. 
A new URTI episode was defined as the sudden appearance 
of one or more symptoms captured by questions 2 to 5 of 
the WURSS-24 Questionnaire, not attributed to allergies (as 
reported by participants) with at least two prior days of 
“not sick” as defined by Murdoch et  al. (21). The WURSS-24 
was completed daily during the 56-day intervention period, 
as well as during the three-day run-in period to ensure 
participants did not have a cold, flu, or COVID-19 at base-
line prior to starting on study products.

Prior to the Day 28 vaccination, responses on the 
WURSS-24 were reviewed and participants were assessed 
on a case-by-case basis by the MD to determine and confirm 
status as flu or COVID-19. Any participant presenting with 
flu or COVID-19 was not eligible to receive the influenza 
vaccination at Day 28 and was removed from the study 
with appropriate follow-up. Prior to Day 56, the WURSS-24 
was reviewed by a study coordinator and participants with 
a self-reported or with a diagnosis of COVID-19 were 
assessed by the MD and removed from the study.

Study diaries

The daily study diary was used to capture outcomes of rates 
of influenza and COVID-19 infections, hospitalizations due 
to influenza or COVID-19 and over-the-counter cold and 
flu medication use. The study diary was also used to mon-
itor any changes in participants health or lifestyle. Participants 
were required to record daily during the 3-day run-in period 
and 56-day study period, any AEs, use of concomitant ther-
apies, hours of sleep, alcohol, tobacco and cannabis use, 
hours and description of exercise and any changes to their 
health. Study diaries were reviewed at each study visit to 
ensure the health of participants and any outcomes related 
to influenza or COVID-19 were assessed.

Vitality and quality of life

The Vitality and Quality of Life (QoL)  Questionnaire was 
used to assess the energy levels and quality of life of par-
ticipants and was designed to be used in populations with 
no associated pathologies. The questionnaire consisted of 

31-items assessed on a 7-point Likert scale where 1 repre-
sented “Never,” and 7 represented “Always.” A higher sum-
mative score indicated that more vitality was subjectively 
perceived by the participants and individual questions were 
also analyzed. This questionnaire has been previously used 
to assess QoL parameters in over 273 healthy participants.

Safety and adverse events

Blood drawn at baseline, Day 28 and 56 was analyzed for 
clinical chemistry which included alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), alkaline phospha-
tase (ALP), total bilirubin, creatinine, electrolytes (Na+, K+, 
Cl−), estimated glomerular filtration rate (eGFR) and glucose 
(LifeLabs). Blood pressure and heart rate were measured at 
baseline, Day 28 and 56.

Participants recorded any AEs in their study diary and 
were classified based on the description, duration, intensity, 
frequency, and outcome. All AEs were assessed by the MD 
for causality and intensity. The Medical Dictionary for 
Regulatory Activities (MEDRA) terminology version 22.0 
was used for coding. For women of childbearing potential, 
urine pregnancy tests were conducted at the KGK clinic at 
baseline and Day 56.

Statistical analysis

A power calculation was performed to determine the 
planned total sample size of 75 participants, with 25 par-
ticipants randomized to each study group (13, 22, 23). This 
sample size enabled detection of a difference in CD3+ of 
10.8%, difference in CD4+ of 6.5%, difference in CD8+ of 
4.9%, difference in CD45+ of 16.7% and difference in NK 
cells (CD56+) of 4.4% for lymphocytes; difference in IgA of 
67 mg/dL (0.67 g/L), difference in IgG of 440 mg/dL (4.4 g/L), 
and difference in IgM of 133 mg/dL (1.33 g/L) at an overall 
5% significance level and 80% power. This sample size 
accounted for a loss to follow up rate of 20%.

All the primary and secondary endpoints were analyzed 
as continuous variables. For each primary and secondary 
endpoint, descriptive statistics including number of subjects, 
arithmetic mean, standard deviation, median, minimum, 
and maximum values, where appropriate, were  presented 
for each study visit and for the changes from baseline (Day 
0) to Day 28 (pre-vaccination), Day 28 to Day 56 
(post-vaccination) and baseline (Day 0) to end-of-study (Day 
56). Endpoints gathered by study diaries in the intervals 
between study visits were reported as pre-vaccination (Day 
0 to Day 28) and post-vaccination (Day 28 to Day 56). 
Differences of outcomes at visits, and differences in change 
of outcomes between visits, were assessed by linear mixed 
model, with study group and visit as the fixed effects. Each 
model included the baseline value as a covariate. An inter-
action term for study group and visit was included where 
appropriate. Within-group changes were assessed by pairwise 
comparison of estimated marginal means.

For outcomes captured by WURSS-24, the area under the 
curve (AUC) for total daily symptom scores was a measure 
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of global illness severity over a defined time period, where 
higher values indicate greater symptom severity and frequency. 
The mean global severity index was defined as the total global 
severity score divided by the number of symptoms. Mean 
symptom severity scores were defined as AUC for mean symp-
tom severity is a measure of URTI symptom severity over a 
defined time period, where higher values indicate greater 
symptom severity. A well day was defined as a day for which 
the score of question 1 was zero (“Not sick”) and a sick day 
was defined as a day for which the score of question 1 “How 
sick do you feel today?” was between 1 and 7.

The intent-to-treat (ITT) population consisted of all par-
ticipants who received capsules and with any available 
post-randomization efficacy information. The per protocol 
(PP) population included all participants who consumed at 
least 80% of either study product, did not have any major 
protocol violations, and completed all study visits and pro-
cedures connected with measurement of the primary 
variables.

All statistical analysis were completed using the R 
Statistical Software Package Version 3.6.3 or newer for 
Microsoft Windows (24). All tests of significance for pri-
mary outcomes were performed as one-sided, and for sec-
ondary and future analysis outcomes were performed at 
two-sided, alpha level = 0.05 unless otherwise specified. 

All data are presented as mean ± standard deviation (SD) 
unless noted.

Results

Study population

A total of 108 individuals were consented and screened with 
75 participants enrolled in the study (Figure 2). In the 
UP446 and Placebo groups, 50 participants were included 
in the Intent-to-Treat (ITT) population and a total of 46 in 
the per-protocol (PP) population. Four participants in the 
UP446 group were removed from the PP population due to 
booking a COVID-19 vaccine during the study period 
(n = 1), flu symptoms experienced prior to Day 28 (n = 2), 
and hospitalization for pneumonia prior to Day 56 (n = 1). 
The disposition of participants throughout the study is 
shown in Figure 2. The mean compliance was >96% for 
both groups.

Enrolled participants were 40 to 79 years old with 
64–68% females, 50–54 years of age, predominately Western 
and Eastern European, and employed full-time (Table 1). 
There was no difference in demographics or body mass 
index (BMI) between UP446 and Placebo groups at 
baseline.

Figure 2.  Disposition of study participants.
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Total immunoglobulin response

In the ITT population, the Placebo group had a significant 
increase in total IgG concentrations in the 28-day 
pre-vaccination period, from baseline to Day 28 (p = 0.031) 
(Figure 3). There were no other changes in total immuno-
globulin concentrations before vaccination.

In the post-vaccination period (Day 28 to Day 56), IgA 
(p = 0.026) and IgG (p = 0.016) increased in the UP446 group 
compared to Placebo (Figure 3A and B). A total of 63.6% of 
participants supplemented with UP446 had an increase in IgA 
post-vaccination compared to only 37.5% of those on Placebo. 
There was also a significant increase in IgA levels with UP446 
from baseline to end of study (Day 56) (Figure 3A).

Vaccine-specific immunoglobulin response

There were no significant differences in influenza-A or 
influenza-B specific antibodies between UP446 and Placebo 
groups (Figures 4 and 5).

However, there was a decrease from baseline in the 
pre-vaccination period in influenza A-specific IgG in the 
Placebo group (p = 0.0048) (Figure 4B). Participants on 
Placebo had an increase in influenza A-specific IgM in the 
post-vaccination period and from baseline to Day 56 
(p ≤ 0.0252) (Figure 4C).

In the case of influenza B, there was an increase of 19.4% 
in IgG levels in the post-vaccination period with UP446 sup-
plementation (p < 0.001) (Figure 5B). There was also a 11.6% 
increase in influenza B IgG-specific levels in the UP446 group 
from baseline at Day 56 (p = 0.0075). The Placebo group had 
increases in influenza B-specific IgM levels in the 
post-vaccination period and from baseline to Day 56 (p ≤ 0.0107) 
which was not seen with UP446 supplementation (Figure 5C).

Immune cell phenotypes and other inflammatory and 
hematological markers

There were no significant differences between UP446 and 
Placebo in the percentage of CD3+CD4+, CD3+CD8+, TCR 

Table 1.  Baseline demographic characteristics for participants in the intent-to-treat (ITT) population (n = 50).

Parameter UP446 N (%) Placebo N (%) p-value

Gender 0.943
Female 17 (68.0) 16 (64.0)
Male 8 (32.0) 9 (36.0)
Age, Mean (SD) 25 52.1 (6.9) 25 53.8 (9.5) 0.203

Marital Status 0.873
Married or Common-law 16 (72.0) 19 (76.0)
Divorced or Separated 5 (20.0) 3 (12.0)
Single 3 (12.0) 3 (12.0)
Widow/Widower 1 (4.0) 0 0

Education level 0.149
High School graduate or GED 4 (16.0) 5 (20.0)

College diploma 9 (36.0) 10 (40.0)
University degree 11 (44.0) 7 (28.0)
Master’s degree or higher 1 (4.0) 2 (8.0)
Other 0 0 1 (4.0)

Employment 0.121
Full-time employment 19 (76.0) 11 (44.0)
Part-time employment 1 (4.0) 5 (20.0)
Unemployed 2 (8.0) 3 (12.0)
Other 3 (12.0) 6 (24.0)

All values presented are mean ± standard deviation (SD) unless otherwise stated.

Figure 3. C hange in total (A) IgA, (B) IgG, and (C) IgM concentrations between UP446 and Placebo in the pre-vaccination period (baseline to Day 28), 
post-vaccination period (Day 28 to Day 56) and from baseline to end-of-study (EOS, Day 56) in the ITT population (n = 50). All values presented are mean ± stan-
dard deviation (SD). * indicates a significant within-group difference at the specific timepoint and ** indicates a significant difference between UP446 and 
Placebo.
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γδ+, and CD3−CD56+ populations (Table 2). There was a 
significantly lower percentage of total lymphocytes (CD45+) 
in the UP446 group compared to Placebo at Day 28, but 
this did not result in a significantly different change from 
baseline. Participants on Placebo had a reduction in NK 
cells (CD3−CD56+) from baseline at Day 56 (p = 0.025) 
(Table 2).

There were no significant differences in CRP, ESR and 
complement proteins C3 and C4 between UP446 and 
Placebo groups in the pre- or post-vaccination or from 
baseline at Day 56 (data not shown). Hematology param-
eters including WBC count, neutrophils, lymphocytes, 
monocytes, basophils, reticulocyte count, RBC count, 
hemoglobin, hematocrit, platelet count and RBC indices 
were not significantly different between UP446 and 
Placebo groups pre- or post-vaccination or from baseline 
at Day 56 (Supplementary Table S2). There was a signif-
icant 0.10 × 109/L increase in eosinophils in the 
pre-vaccination period in the UP446 group. There was 
only one participant whose eosinophil count was outside 

the laboratory range but this was not clinically relevant 
as assessed by the MD.

Oxidative stress markers

In the pre-vaccination period, there was a greater increase 
in SOD in the Placebo group compared to UP446 (p = 0.0392) 
(Table 3). However, in the post-vaccination period, partic-
ipants on Placebo had a significant reduction in SOD.

Participants supplemented with UP446 had a significant 
13.6% increase in GSH-Px in the pre-vaccination period 
and a significant 15.7% increase from baseline at Day 56. 
Concentrations of GSH-Px were not significantly different 
between UP446 and Placebo groups during the study.

Participants supplemented with UP446 as well as those 
on Placebo had significant increases in AGEs in the 
pre-vaccination period and from baseline at Day 56. There 
was a reduction in AGEs in the post-vaccination period 
with UP446 and Placebo, however this was not statistically 
significant (Table 3).

Figure 4. C hange in influenza A-specific (A) IgA, (B) IgG, and (C) IgM concentrations between UP446 and Placebo in the pre-vaccination period (baseline to 
Day 28), post-vaccination period (Day 28 to Day 56) and from baseline to end-of-study (EOS, Day 56) in the ITT population (n = 50). All values presented are 
mean ± standard deviation (SD). * indicates a significant within-group difference at the specific timepoint.

Figure 5. C hange in influenza B-specific (A) IgA, (B) IgG, and (C) IgM concentrations between UP446 and Placebo in the pre-vaccination period (baseline to 
Day 28), post-vaccination period (Day 28 to Day 56) and from baseline to end-of-study (EOS, Day 56) in the ITT population (n = 50). All values presented are 
mean ± standard deviation (SD). * indicates a significant within-group difference at the specific timepoint.
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Upper respiratory tract infections

There were no significant differences in mean global severity 
index between UP446 and Placebo groups in the pre- vs. 
post-vaccination period (Table 4). There were no significant 
differences in other subjective measures of URTI illness 
between UP446 and Placebo groups during the study period 
including mean symptom severity index, duration, frequency, 
or severity of URTI symptoms. The mean number of well 
days ranged from 97.5 to 99.6% of total days in both the 
pre- and post-vaccination periods. There were also no signif-
icant differences in use of over-the-counter cold and flu med-
ication. There were no hospitalizations due to COVID-19 or flu.

Quality of life and safety

There were no significant differences in individual questions 
of vitality and QoL between UP446 and Placebo groups in 
the pre-vaccination or post-vaccination periods, or from 

baseline at Day 56 (Supplementary Table S3). This aligns 
with the number of well days reported by participants 
during the 56-day study period.

In addition to the maintenance of QoL during the study, 
UP446 supplementation was found to be safe and well tol-
erated. There was a total of eight AEs reported by seven 
participants in the UP446 group. One participant reported 
a urinary tract infection and pneumonia and dropped out 
of the study and six were AEs reported by six participants: 
two reports of headache, and one report of each back pain, 
urinary tract infection, vertigo, and diarrhea. In the Placebo 
group there were six AEs reported by six participants: one 
report of each nausea, heart burn, stomach ache, ALT 
increase, headache, and hot flashes. All AEs were either 
unlikely to be, or not, related to the study products. All 
AEs were resolved by the end of the study period except 
the one participant who was hospitalized with pneumonia. 
Follow-up of this participant was done, and their recovery 
reported.

Table 2. I mmune cell phenotypes in blood of participants in the ITT population (n = 50).

Immune cell phenotype (%) Study timepoint
UP446 Mean ± SD 

Within-group p-value
Placebo Mean ± SD 

Within-group p-value
UP446 vs. 

Placebo

Helper T Cells (CD3+CD4+) Baseline 69.352 ± 9.326 68.729 ± 10.302 0.979
Day 28 69.760 ± 8.249 68.379 ± 9.528 0.991
Day 56 69.937 ± 7.763 69.172 ± 9.901 0.922
Pre-Vaccination (Baseline to Day 28) −0.164 ± 2.385 

0.847
−0.049 ± 1.915 

0.877
0.981

Post-Vaccination (Day 28 to Day 56) 0.316 ± 2.072 
0.353

0.793 ± 1.626 
0.286

0.794

Baseline to Day 56 0.134 ± 1.806 
0.444

0.540 ± 2.079 
0.286

0.933

Cytotoxic T Cells (CD3+CD8+) Baseline 27.913 ± 7.742 30.046 ± 8.579 0.920
Day 28 28.090 ± 7.351 29.954 ± 8.718 0.887
Day 56 28.111 ± 7.227 29.286 ± 9.192 0.368
Pre-Vaccination (Baseline to Day 28) 0.152 ± 2.223 

0.812
−0.017 ± 1.757 

0.963
0.869

Post-Vaccination (Day 28 to Day 56) −0.131 ± 1.998 
0.590

−0.668 ± 1.412 
0.146

0.494

Baseline to Day 56 0.095 ± 2.185 
0.754

−0.685 ± 2.003 
0.133

0.432

T-Cell Receptor Gamma 
Delta Cells (TCR γδ+)

Baseline 2.220 ± 2.045 1.874 ± 1.730 0.999
Day 28 2.177 ± 2.285 1.755 ± 1.651 0.084
Day 56 2.293 ± 2.158 1.852 ± 1.688 0.323
Pre-Vaccination (Baseline to Day 28) 0.067 ± 0.419 

0.556
−0.135 ± 0.497 

0.175
0.164

Post-Vaccination (Day 28 to Day 56) 0.044 ± 0.432 
0.936

0.097 ± 0.511 
0.351

0.721

Baseline to Day 56 0.112 ± 0.444 
0.498

−0.038 ± 0.331 
0.672

0.440

NK Cells (CD3−CD56+) Baseline 6.485 ± 3.733 10.039 ± 5.364 0.323
Day 28 7.698 ± 3.605 9.874 ± 5.822 0.755
Day 56 7.380 ± 3.176 9.291 ± 5.071 0.952
Pre-Vaccination 
(Baseline to Day 28)

0.542 ± 2.565 
0.389

0.223 ± 2.550 
0.881

0.753

Post-Vaccination (Day 28 to Day 56) −0.152 ± 2.424 
0.075

−0.583 ± 2.679 
0.195

0.547

Baseline to Day 56 −0.129 ± 2.278 
0.974

−0.689 ± 1.897 
0.025

0.906

Total Lymphocytes (CD45+) Baseline 35.808 ± 9.222 34.432 ± 8.056 0.828
Day 28 33.616 ± 8.666 35.894 ± 8.145 0.026
Day 56 35.909 ± 7.150 37.521 ± 7.926 0.077
Pre-Vaccination (Baseline to Day 28) −2.332 ± 4.755 

0.067
1.350 ± 6.500 

0.338
0.062

Post-Vaccination (Day 28 to Day 56) 1.848 ± 5.735 
0.075

1.627 ± 4.917 
0.195

0.664

Baseline to Day 56 −0.255 ± 6.024 
0.974

2.977 ± 7.283 
0.0521

0.136

All values presented are mean ± standard deviation (SD) unless otherwise stated.
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There were no significant changes in clinical chemistry 
parameters or vitals during the study (Supplementary Table 
S4). All clinical chemistry values that were outside the 
laboratory range were deemed not clinically relevant when 
assessed by the MD except for ALT, AST, and potassium. 
For ALT and AST, one participant in the Placebo group 
had values outside the laboratory range at Day 28 that were 
deemed clinically relevant, however at Day 56, both ALT 
and AST levels had returned to the normal range. There 
were four participants who had potassium levels outside 
the laboratory range and that were deemed clinically rele-
vant. Potassium was repeated and were within the normal 
laboratory range for all participants except for one who 
did not complete a repeat measurement therefore advised 
to follow-up with their general practitioner.

Differences in the PP population

There were few differences in the PP population compared 
to the ITT with the exception of results discussed below.

The changes in total immunoglobulin responses were 
similar in the PP population, except for the UP446 group 
having a reduction in IgM levels compared to Placebo in 
the pre-vaccination period (p = 0.039) (data not shown). 
Though similar patterns were seen in the ITT population, 
they did not reach statistical significance (Figure 3C).

Similar to the ITT population, there were no significant 
differences in other subjective measures of URTI illness 
between UP446 and Placebo groups during the study period 
including mean symptom severity index, duration, frequency, 
or severity of URTI symptoms in the PP population (Table 
5). The participant hospitalized with pneumonia was 

removed from the PP population analysis, therefore the 
variability in mean symptom severity scores and number of 
sick days was not observed (Table 5).

The overall incidence of influenza infection was low, with 
two participants in the UP446 group reporting flu-like 
symptoms as assessed by the WURSS-24 and confirmed by 
the MD. These participants were removed from the PP 
population, but their removal did not result in any differ-
ences between the ITT and PP population.

Discussion

Acacia catechu and Scutellaria baicalensis possess unique 
immunomodulatory properties including antioxidant and 
anti-inflammatory functions (11) and have been reported 
to increase antibody titers after immunization (12). However, 
to date there have been no studies examining the immu-
nomodulatory effects of this formulation with human vac-
cine models.

This study was conducted during the 2021 winter season 
at the time of the COVID-19 pandemic and was associated 
with a low incidence of flu. This was likely the result of 
COVID-19 mitigation strategies, contributing to a decline 
in flu illness and resulting hospitalizations. While this is 
beneficial from a public health perspective, this made it 
challenging to differentiate the efficacy of UP446 compared 
to Placebo on cold and flu like symptoms during what 
would normally be considered the “flu season.” This was an 
unavoidable limitation of the study due to the pandemic.

Despite these challenges, there were significant improve-
ments in immune markers with UP446 supplementation. 
Participants supplemented with UP446 had significant 

Table 3. S erum concentrations of antioxidant and oxidative stress markers in participants in the ITT population (n = 50).

Marker (unit) Study timepoint

UP446 
Mean ± SD 

Within-group p-value

Placebo 
Mean ± SD 

Within-group p-value UP446 vs. Placebo

Glutathione peroxidase 
(GSH-Px) (mU/mL)

Baseline 104.2 ± 29.9 108.1 ± 31.7 0.6285
Day 28 118.4 ± 14.5 116.2 ± 11.4 0.4982
Day 56 120.6 ± 14.5 117.9 ± 10.5 0.4451
Pre-Vaccination 
(Baseline to Day 28)

14.2 ± 38.7 
0.0270

8.1 ± 37.8 
0.1847

0.5820

Post-Vaccination 
(Day 28 to Day 56)

2.2 ± 25.2 
0.7275

1.8 ± 19 
0.7722

0.8327

Baseline to Day 56 16.4 ± 27.1 
0.0108

9.9 ± 27.8 
0.1069

0.5408

Advanced glycation 
end-products (AGEs) (AU/
mg) 

Baseline 77 ± 7.9 76.9 ± 7.3 0.9828
Day 28 83 ± 7.3 82 ± 6.9 0.6338
Day 56 81.7 ± 5.2 81.7 ± 8.8 0.9764
Pre-Vaccination 
(Baseline to Day 28)

6 ± 12.1 
0.0053

5.1 ± 7.8 
0.0132

0.7150

Post-Vaccination 
(Day 28 to Day 56)

−1.3 ± 9 
0.5503

−0.4 ± 10.2 
0.8543

0.7448

Baseline to Day 56 4.7 ± 8.7 
0.0270

4.7 ± 11.1 
0.0214

0.9818

Superoxide dismutase (SOD) 
(U/mL) 

Baseline 1.2 ± 1 1.1 ± 0.2 0.9180
Day 28 1.3 ± 1 1.3 ± 0.4 0.0170
Day 56 1.2 ± 1.1 1.1 ± 0.2 0.5030
Pre-Vaccination 
(Baseline to Day 28)

0.1 ± 0.3 
0.3475

0.2 ± 0.4 
0.0004

0.0392

Post-Vaccination 
(Day 28 to Day 56)

−0.1 ± 0.3 
0.4540

−0.2 ± 0.4 
0.0067

0.2362

Baseline to Day 56 0 ± 0.3 
0.8482

0.1 ± 0.2 
0.3995

0.5014

All values presented are mean ± standard deviation (SD) unless otherwise stated.
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increases in total IgA concentrations in the 28-day 
post-vaccination period and influenza B-specific IgA levels 
were significantly decreased in the pre-vaccination period. 
However, in the post-vaccination period and over the 56-day 
study period, influenza B-specific IgG was increased. Total 
IgG levels were also significantly increased compared to 
Placebo in the post-vaccination period. In response to influ-
enza vaccination, the humoral immune response produces 
IgA, IgG, and IgM antibodies approximately 14-days after 
immunization (25). Vaccine-induced IgA antibodies have 
been shown to be important novel immune markers cor-
related with other immune measures such as IgG titers and 
hemagglutination inhibition (HI) response (26). In both 
adults and children, high influenza-specific IgA levels were 
found to be negatively associated with viral transmission 
and infection (27–29). Further, IgG constitutes approximately 
75% of antibodies found in serum (30) and both IgA and 
IgG are critical in the response in influenza infection (31).
Therefore, increases in IgA and IgG in the 28-day 
post-vaccination period support a beneficial humoral 
response to vaccination with UP446 supplementation.

Prior to vaccination, there was minimal effects on anti-
body response except that participants supplemented with 
UP446 had a significant reduction in total serum IgM anti-
bodies compared to those on Placebo in the PP population. 
It is possible this difference was driven by two participants 
in the UP446 group with reductions in IgM of 0.45 g/L from 
baseline. Interestingly, there were no significant effects of 
UP446 supplementation on lymphocyte populations 

including helper or cytotoxic T cells, TCRγδ+ T cells, NK 
cells or total lymphocytes. This suggests that UP446 may 
preferentially influence the activity of certain aspects of 
immunity, such as humoral immunity, over cell-mediated 
or innate immunity. Response of the humoral immune sys-
tem through production of antibodies following vaccination 
is considered a useful measure that correlates with specific 
protection. For studies on probiotics and vaccine models, 
this has been defined as the “gold standard” to determine 
the influence on immune function (32).

There were no significant differences in the severity, fre-
quency, or duration of URTI symptoms. The incidence of 
influenza infection was low, and only three participants in 
the UP446 group were identified and removed from the PP 
population analysis due to reporting flu-like symptoms or 
pneumonia. One participant began experiencing cold and 
flu symptoms five days following their Day 28 visit and was 
hospitalized for pneumonia 11 days later. This participant 
reported 15 sick days which likely contributed to the vari-
ability in mean global severity index, mean symptom severity 
scores and number of sick days in the ITT population in 
the UP446 group. In the Placebo group there was one par-
ticipant reporting five sick days in the post-vaccination 
period. For both groups, the mean number of well days 
ranged from 97.5 to 99.6% of total days in the pre- and 
post-vaccination periods. Participants in both groups 
reported “remained well” for the majority of the 56-day 
study period. This aligns with the low rates of influenza 
activity reported in the United States for the 2020–2021 

Table 4. U pper respiratory tract infection (URTI) symptom severity, well and sick days from the Modified Wisconsin Upper Respiratory Symptom Survey (WURSS)-
24 in the ITT population (n = 50).

Variable Study timepoint

UP446 
Mean ± SD 

Median (Min to Max) 
Within-group p-value

Placebo 
Mean ± SD 

Median (Min to Max) 
Within-group p-value

UP446 
vs. 

Placebo

Mean global severity index Pre-Vaccination 
(Baseline to Day 28)

48.1 ± 135.2 
0.0 (0.0 to 632.6)

4.0 ± 13.6 
0.0 (0.0 to 63.8)

0.090

Post-Vaccination 
(Day 28 to Day 56)

5.8 ± 21.0 
0.0 (0.0 to 97.3)

11.4 ± 36.5 
0.0 (0.0 to 172.7)

1.000

Post-Vaccination vs. 
Pre-Vaccination

−29.8 ± 114.1 
0.0 (-535.3 to 32.0) 

0.113

7.2 ± 37.9 
0.0 (-40.2 to 172.7) 

1.000

0.659

Mean symptom severity scores Pre-Vaccination 
(Baseline to Day 28)

35.1 ± 60.2 
0.5 (0.0 to 237.9)

15.8 ± 21.3 
0.0 (0.0 to 66.4)

0.670

Post-Vaccination 
(Day 28 to Day 56)

20.4 ± 32.5 
0.5 (0.0 to 99.0)

19.0 ± 27.8 
0.0 (0.0 to 111.8)

1.000

Post-Vaccination vs. 
Pre-Vaccination

−5.6 ± 52.9 
0.0 (-193.2 to 99.0) 

0.910

2.5 ± 16.7 
0.0 (-14.8 to 59.2) 

1.000

1.000

Number of well days Pre-Vaccination 
(Baseline to Day 28)

26.7 ± 3.1 
28.0 (14.9 to 28.0)

27.9 ± 0.3 
28.0 (26.9 to 28.0)

0.666

Post-Vaccination 
(Day 28 to Day 56)

27.8 ± 0.4 
28.0 (27.0 to 28.0)

27.6 ± 1.3 
28.0 (23.0 to 28.0)

1.000

Post-Vaccination vs. 
Pre-Vaccination

0.6 ± 2.8 
0.0 (-1.0 to 13.1) 

0.278

−0.3 ± 1.4 
0.0 (-5.0 to 1.1) 

0.984

0.993

Number of sick days Pre-Vaccination 
(Baseline to Day 28)

1.3 ± 3.1 
0.0 (0.0 to 13.1)

0.1 ± 0.3 
0.0 (0.0 to 1.1)

0.122

Post-Vaccination 
(Day 28 to Day 56)

0.2 ± 0.4 
0.0 (0.0 to 1.0)

0.4 ± 1.3 
0.0 (0.0 to 5.0)

1.000

Post-Vaccination vs. 
Pre-Vaccination

−0.6 ± 2.8 
0.0 (-13.1 to 1.0) 

0.278

0.3 ± 1.4 
0.0 (-1.1 to 5.0) 

0.984

0.993

All values presented are mean ± standard deviation (SD) unless otherwise stated.
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season, for which 0.2% of the respiratory samples tested 
were positive for the influenza virus (2). By comparison, 
the rates of positive influenza tests in the previous three 
flu seasons prior to the COVID-19 pandemic peaked 
between 26.2 and 30.3%.

The individual ingredients in UP446 have been shown 
to have antioxidant and anti-inflammatory effects (11, 12). 
In the pre-vaccination period UP446 supplementation was 
found to increase serum GSH-Px levels. The enzyme GSH-Px 
is part of the antioxidant defense system that maintains 
redox homeostasis and plays a critical role in mitigating the 
oxidative stress generated with influenza infection (33). 
Administration of live attenuated influenza vaccine has been 
shown to elicit an increase in biomarkers of oxidative stress 
in the breath of healthy participants (34). Therefore, increas-
ing GSH-Px improved the antioxidant properties of UP446. 
As GSH-Px plays a key role in modulating overall oxidative 
and reductive stress (35, 36), UP446 may be beneficial in 
mitigating the oxidative stress response following vaccina-
tion. However, to evaluate the direct role of UP446 in oxi-
dative stress, levels of reduced glutathione (GSH) or protein 
carbonyl should be measured in future. It is unknown why 
there were significantly increased AGEs at Day 56 with both 
groups. However AGE accumulation has been proposed to 
be associated with increased age (37), therefore this may be 
a reflection of the older population in this study.

All AEs were resolved by the end of the study period 
except for the participant who was hospitalized with pneu-
monia for which their recovery was reported. There were 
no significant differences between UP446 and Placebo in 
clinical chemistry parameters or vitals during the study. 

There were participants with spurious, high potassium levels 
during the study, however, upon repeating this blood work, 
these levels had returned to normal. This pseudohyperka-
lemia often occurs as a result of laboratory procedures or 
measurements (38). Therefore, UP446 supplementation was 
found to be safe during the 56-day study.

This study presents several areas for future research. 
While UP446 supplementation significantly increased total 
IgA concentrations in serum, the majority of IgA is pro-
duced by cells residing in the lamina propria of the small 
and large intestine (39). IgA also plays a key role in the 
regulation of gut-associated immunity (40). Therefore, future 
research should examine whether supplementation of UP446 
may be used in other indications such as gut health. 
Moreover, given the effects of UP446 on immune cell pop-
ulations, future studies should consider measuring the pro-
duction of cytokines related to these populations including 
interleukin (IL)-4 and IL-17. Further, considering the results 
of this study in healthy adults, future studies on UP446 are 
warranted in populations at increased risk of URTI illness 
such as older adults, teachers, and individuals with asthma 
and allergic rhinitis (41).

The results of this study indicate that supplementation 
with UP446 significantly increased total IgA and IgG con-
centrations in the post-vaccination period compared to 
Placebo in healthy adults. These findings were supported 
by the significant increase in influenza B-specific IgG levels 
in the post-vaccination period and suggests that UP446 was 
beneficial in mounting a robust humoral response following 
vaccination. UP446 supplementation increased GSH-Px levels 
in the pre-vaccination period which may be beneficial in 

Table 5. URTI  symptom severity, well and sick days from the Modified WURSS-24 in the per protocol (PP) population (n = 46).

Variable Study timepoint

UP446 
Mean ± SD 

Median (Min to Max) 
Within-group p-value

Placebo 
Mean ± SD 

Median (Min to Max) 
Within-group p-value

UP446 vs. 
Placebo

Mean global severity index Pre-Vaccination 
(Baseline to Day 28)

8.5 ± 28.9 
0.0 (0.0 to 126.0)

4.2 ± 13.8 
0.0 (0.0 to 63.8)

1.000

Post-Vaccination 
(Day 28 to Day 56)

1.7 ± 6.8 
0.0 (0.0 to 32.0)

11.4 ± 36.5 
0.0 (0.0 to 172.7)

0.968

Post-Vaccination vs. 
Pre-Vaccination

−6.8 ± 30.2 
0.0 (-126.0 to 32.0) 

0.996

7.2 ± 37.9 
0.0 (-40.2 to 172.7) 

0.992

0.949

Mean symptom severity 
scores

Pre-Vaccination 
(Baseline to Day 28)

16.3 ± 27.4 
0.2 (0.0 to 88.9)

16.5 ± 21.5 
1.5 (0.0 to 66.4)

1.000

Post-Vaccination 
(Day 28 to Day 56)

19.3 ± 32.8 
0.2 (0.0 to 99.0)

19.0 ± 27.8 
0.0 (0.0 to 111.8)

1.000

Post-Vaccination vs. 
Pre-Vaccination

3.0 ± 34.3 
0.0 (-88.9 to 99.0) 

1.000

2.5 ± 16.7 
0.0 (-14.8 to 59.2) 

1.000

1.000

Number of well days Pre-Vaccination 
(Baseline to Day 28)

27.8 ± 0.6 
28.0 (26.0 to 28.0)

27.9 ± 0.3 
28.0 (26.9 to 28.0)

0.998

Post-Vaccination 
(Day 28 to Day 56)

27.8 ± 0.4 
28.0 (27.0 to 28.0)

27.6 ± 1.3 
28.0 (23.0 to 28.0)

0.975

Post-Vaccination vs. 
Pre-Vaccination

0.0 ± 0.5 
0.0 (-1.0 to 1.0) 

1.000

−0.3 ± 1.4 
0.0 (-5.0 to 1.1) 

0.889

0.993

Number of sick days Pre-Vaccination 
(Baseline to Day 28)

0.2 ± 0.6 
0.0 (0.0 to 2.0)

0.1 ± 0.3 
0.0 (0.0 to 1.1)

0.998

Post-Vaccination 
(Day 28 to Day 56)

0.2 ± 0.4 
0.0 (0.0 to 1.0)

0.4 ± 1.3 
0.0 (0.0 to 5.0)

0.975

Post-Vaccination vs. 
Pre-Vaccination

−0.0 ± 0.5 
0.0 (-1.0 to 1.0) 

1.000

0.3 ± 1.4 
0.0 (-1.1 to 5.0) 

0.889

0.993

All values presented are mean ± standard deviation (SD) unless otherwise stated.
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improving antioxidant functions, and potentially mitigating 
oxidative stress induced following influenza vaccination. 
There were no differences in clinical chemistry or vitals, 
and all AEs were either unlikely or not related to the study 
products confirming the good safety of UP446 during the 
56-day study period.
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