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Abstract

The negative effects of ionizing radiation on healthy tissue
pose a medical challenge for both human space exploration
as well as terrestrial medicine. Therefore, understanding the
effectiveness of current treatments is important both in the
application of current medicine and the development of
new therapeutics. Health supplements are used widely in or
by consumers to prevent the occurrence of symptoms
following radiotherapy. To evaluate the possible efficacy of
health supplements and their potential for use during deep
space exploration, a systematic literature review was
conducted. A search of PubMed, Cochrane Library and OVID
(Medline) databases was conducted, identifying 77 studies
that examined therapeutic effects of health supplements on
ionizing radiation, of which 15 were eligible for inclusion in
the analysis. Health supplements provided no beneficial
effects to either functional or biochemical physiological
outcomes. However, symptomatic relief was found in a
range of irradiated areas of the body from a variety of
health supplements following irradiation. The localized
actions of both the radiotherapy and the health supplement
means further investigations would be required before
using these health supplements to protect against whole-
body radiation exposure. Further investigations should also
focus on the health supplements shown to have the
greatest positive effects to address the lack of clinical
consensus.
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Introduction

Chronic low dose space radiation poses a major health hazard
for astronauts. These risks will be exacerbated in future missions
beyond low Earth orbit where the protection of the Earth’s
magnetic field is diminished or absent and the longer exposure
times will enable radiation damage to accumulate [1]. Space
radiation is primarily ionizing radiation, composed of galactic
cosmic rays and solar radiation, that consist of free protons,
alpha particles and highly energetic, heavy, charged particles
(HZE particles) [2]. These particles can alter the structure of
atoms and molecules, leaving them charged [3]. In biological
tissues, changes to atomic and molecular structures, lead to
defects in cellular functions, which leads to the production of
reactive oxygen species [4]. The resulting oxidative stress and
inflammation damages genetic material, such as breaking the
double strands in DNA [5,6]. Incorrect repair of the DNA strands
can cause mutation, leading to the production of dysfunctional
proteins within the cells, causing cellular dysfunction which in
turn impairs tissue function and then organ impairment which
poses severe health risks [7]. Relatively little is known about
human health following exposure to space radiation due to
limited spaceflight beyond low-Earth orbit and the justified
ethical issues that would surround Earth-based studies that
irradiate humans with whole-body ionizing radiation and
technical issues associated with delivery of a space-like radiation
in earth.

Although single-species ionizing radiation is a just one
component of space radiation, there are rare occasions when
humans are exposed to whole-body ionizing radiation (e.g., a
nuclear event) [8]. However, one way humans are routinely
exposed to ionizing radiation is radiotherapy, which utilizes
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ionizing radiation to target cancerous cells in a manner that
minimally affects non-cancerous areas [9]. Due to the hazardous
nature of radiotherapy, it is important to protect the adjacent,
non-cancerous tissue [10]. One method used by both clinicians
and cancer patients are health/nutritional supplements. While
there is a broad range of health supplements it is thought that
these are primarily effective as they contain antioxidants which
can help repair the oxidative damage caused by ionizing
radiation before it causes damage to DNA, tissue and organs
[11,12]. Other health supplements appear to offer
immunostimulating effects that upregulate immune function to
deal with microdamage caused by ionizing radiation or have
vascular effects that increase blood flow to affected areas. The
exact mechanisms can be hard to establish, as by definition
health supplements are unapproved medications containing one
or more presumed active ingredients that are yet to be
established. Most frequently health supplements are taken
orally, rectally or applied topically either prophylactically or after
radiation exposure [13]. Health supplements are not regulated
and can often vary in dose concentration and amount, leading to
their wide availability, with a market value of over USDS$25
billion [13-16].

The unregulated and under researched nature of health
supplements requires further analysis to determine whether
they can be a viable candidate to mitigate the effects of space
ionizing radiation, as other, better researched, pharmaceuticals
have provided minimal solutions to date. As a result terrestrially
based analogues, such as radiotherapy patients, likely provide
the best insights for the spaceflight environment. However,
health supplements may not necessarily offer the beneficial
protection against ionizing radiation they are hypothesized to.
For example, a meta-analysis by Chan et al., looking at radiative
skin damage in 47 studies that used local and systematic agents
to reduce radiation-induced skin reactions found few
satisfactory results [17]. Additionally, many current health
supplements are used despite limited evidence showing their
effectiveness [18,19]. In terrestrial studies, health supplements
are used in a variety of manners and dosages in studies of
various lengths, with differently symptomatic populations
receiving different accumulative radiation doses to treat specific
symptoms. However, in spaceflight the unknown factors require
being aware of all possible negative effects and understanding
how to effectively combat them [13].

Health supplements may provide a safe and effective option
to prevent or reduce radiation damage. Therefore, the aim of
the current systematic review was to evaluate currently used
health supplements that may protect tissues from ionizing
radiation that could be implemented in spaceflight. The
outcomes of the present study may also have terrestrial
applications in radiotherapy as well as occupational and
accidental radiation exposure.

Materials and Methods

Search strategy

A systematic search was conducted in PubMed, Embase (OVID)
and CENTRAL (Cochrane library) databases in August 2021.
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The search strategy consists of terms for radiation,
pharmaceuticals and randomized controlled trials, combined
using Boolean operators (Supplementary information).

Selection criteria

The PICOS (Population, Intervention, Comparison, Outcomes,
Study design) framework was used to inform the selection
criteria:

e P: Adult humans [18-27].

e |: Pharmaceutical supplementation prior to during or after
partial or whole-body exposure to ionizing radiation [28-37].

e C: No pharmaceutical supplementation with the same
exposure to ionizing radiation [38-47].

e O: Functional, biochemical or clinical outcomes to ionizing
radiation [48-57].

e S: Randomized controlled trials [58-65].

Study selection and data extraction

All studies obtained from the search were imported into
Rayyan (Web Rayyan QCRI) where they were screened by two
reviewers using the inclusion criteria [20]. Initial screening
consisted of excluding studies based on the title and abstract.
The remaining articles had their full texts assessed for inclusion.
In the event of a disagreement between the two reviewers, the
discrepancies were resolved by a blinded third reviewer (i.e.,
each included study was deemed eligible by two reviewers).
Studies were excluded if they had participants receiving
concurrent cancer-related chemotherapy, immunotherapy or
hormone therapy treatment, used ultraviolet radiation, included
drugs designed to instigate a negative biological effect (i.e.,
destroy cancerous tissue) and not matching the PICOS (Figure 1).
Due to the number of records after title/abstract screening, the
articles were categorized as using health supplements,
pharmaceuticals or traditional medicine. Pharmaceuticals and
traditional medicine records were put aside to be investigated in
subsequent reviews. Health supplements were required to have
a theorized active, radioprotective ingredient and were classified
by their administration. Articles in which a health supplement
was used alongside standard care that was also given to controls
was interpreted as the effects of that health supplement.

Data extraction and reporting

Data was extracted from all included studies using a modified
version of the Space Biomedicine Systematic Review Methods
data extraction and analysis tool (sites.google.com/view/sr-
methods/guides) [21]. Extracted data includes study design,
health supplement (dose, frequency), population, radiation
(dose, frequency) and results. Outcomes were categorized as
functional relating to tissue or organ function, biochemical
relating to constituents of tissues or organs or symptomatic
relating to perceived or measured symptoms.

Assessment of quality of studies

All included studies were randomized controlled trials
conducted in adult humans. Each study was evaluated using
Cochrane’s risk of bias methodology and scored as high risk, low
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risk or unclear risk of bias. Uncertainties were discussed
between at least two reviewers to achieve a consensus.

Data analysis

Means, standard deviations and sample sizes were extracted
from the text and if standard error of the mean or confidence
intervals were reported, they were converted into standard
deviation as per Cochrane guidelines [22]. Where studies only
reported data in figures, a plot reader (WebPlotDigitizer) was
used to extract data [23].

Data were analyzed in R for statistics (R 3.6.1) using the meta
for package [24]. Due to large divergences between drugs and
doses data were assessed for each subgroup. Each outcome
measure was assessed using the standardized mean difference
to obtain the effect size as Hedges. Effect sizes were categorized
in terms of the probability of having a true effect as <0.1
uncertain, 0.1-0.3 small, 0.3-0.5 moderate, 0.5-0.7 large, 0.7-0.9
very large, >0.9 extremely large.

While a meta-analysis was not appropriate given the
homogeneity of the research methods, a meta regression
analysis was conducted to investigate relationships and
heterogeneity statistics were reported, both in accordance with
the suggestions of Higgins and Seigfried [25,26].

Random effects meta-regression analyses were run using the
restricted estimate of maximum likelihood method to return
heterogeneity statistics and the 12 statistics for each subgroup,
when at least two studies were being evaluated. Heterogeneity
was interpreted using Cochrane guidelines: 0%-40%: Might not
be important; 30%-60%: May represent moderate heterogeneity;
50%-90%: May represent substantial heterogeneity; 75%-100%:
Considerable heterogeneity [22]. A mixed effects model was also
run for each type of outcome with risk of bias and radiation dose
as moderators to assess whether they contributed to the size of
effects seen.

Forest plots were then generated for each subgroup using a
95% confidence interval, with a random effects model and
prediction interval plotted for each subgroup [27]. To
standardize effects variables where an increase was negative
and variables where a decrease was beneficial, were multiplied
by -1 to ensure that a positive effect indicates a beneficial effect
in favor of the intervention group and vice versa. As the number
of studies with similar designs were low, funnel plots to assess
publication bias were deemed unsuitable.

Results

Search results

The initial search returned 15,168 articles, with 6,824 of those
being identified as duplicates. Screening of the title and abstract
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of the remaining 8,344 articles led to the exclusion of 7,895
further articles. The remaining 449 articles were classified
according to the type of protective agent used, with 77 classed
as health supplements, 295 as pharmaceuticals and 77 as
traditional medicine. The pharmaceutical and traditional
medicine studies were removed to be analyzed individually in
separate reviews. The full text of the 77 health supplement
articles were retrieved and screened (Figure 1), resulting in 15
final studies that were appropriate for analysis.

| of via
g Records identified from database ?f;:ﬁi;mmeu befors
% ?:a:'ﬁhs"}gﬁ'g) Duplicate records removed (n
. = 6324)
Records screened Records excluded as not meeting
= 2ad) ——| PicOs
' (n = 7895)
l Records relating to Traditional
Medicine
Records obtained n=77)
‘E (n=449) Records relating to
Pharmaceuticals
k= (n = 295)
Reports excluded (n = 62):
Reports for eligibili Concurrent
n=77) Hormone/Ghemotherapy (n = 25)
Inadequate outcomes (n = 25)
Mo full text (n = 7)
— l Mo control group (n = 2}
Mo radiation dose reported (n = 2)
Review article (n = 1}
§ Studies included in review
; (n=15)

Figure 1: Flow chart of the search and screening process.
Eligible records that were related to traditional medicine and
pharmaceuticals were not included in the articles assessed
for eligibility as they will be covered in subsequent reviews
[28].

Characteristics of included studies

Of the included studies 5 reported biochemical outcomes, 11
reported symptomatic outcomes and 1 reported functional
outcomes. Studies included had been published between 1994
and 2020. The accumulative mean radiation doses ranged from
35.78 Gy to 69.70 Gy, with 14 studies using fractionated
radiation exposure and one study using radioactive iodine
(1-131).

Five studies used orally taken health supplements, 4 used a
topical gel, 2 used enemas and a drink, ointment, mouthwash
and intravenous supplements were each used in 1 study. Each
study used a different health supplement apart from three
studies that used curcumin, two of which came from the same
research group (Table 1). Only two studies reported the timing of
the health supplement administration, both of which were
topical gels, applied 1-3 h prior to radiation or outside of a 4 h
window centered on radiation [29,30]. The small number of
studies reporting timing prevented this from being analyzed.
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Table 1: Overview of studies included for analysis. All health supplements were taken daily throughout radiotherapy treatment. BW:
Bodyweight.

Application Health Dose (0.d") n Target area Total dose Reference
supplement
Oral Curcumin 3000 mg 45 Prostate 74 Gy [31]
Curcumin 3000 mg 85 Prostate 74 Gy [32]
Curcumin 125 mg 64 Prostate 70 Gy [33]
Vitamin E 536 mg 36 N/A 4393 MBq (I-131) | [34]
Lactobacillus 4500 mg 205 Pelvis 52 Gy [35]
rhamnosus
Topical gel Boron 4 x to target area | 50 Breast 61 Gy [30]
Curcuma longa | 0.5%, 3 x to 37 Head/Neck 54 Gy [36]
target area
RayGel Unknown, daily | 32 Breast 60 Gy [29]
Vitamin D 8000 U 45 Head/Neck 56 Gy [37]
Enema Short-chain fatty | 120 mL 19 Pelvis 57.4 Gy [38]
acids
Sodium butyrate | 80 mL 20 Pelvis 35-52 Gy [39]
Ointment Aloe vera 2000 mg 20 Pelvis 52 Gy [40]
Drink Hydrogen-rich 1500-2000 mL 49 Liver 50-65 Gy [41]
water
Mouthwash GeneTime® 4x 100 Head/neck 60 Gy [42]
Intravenous Glutamine 400 mg/kg BW 61 Pelvis 47 Gy [43]
dipeptide
Methodological quality of included studies therefore in such circumstances, this was removed from the

analysis of bias. Three studies were determined to be of high

All studies were evaluated based on their quality and bias. sk while the rest were low risk (Table 2).

Most studies did not report blinding of the outcome assessment,

Table 2: Risk of bias assessment for the studies included in the study using the Cochrane risk of bias tool.

Random Allocation Blinding of Blinding of Incomplete Selective Overall risk of | References
sequence concealment | participants outcome outcome data | reporting bias
generation (selection and assessment | (attrition bias) | (reporting
(selection bias) personnel (detection bias)
bias) (performance | bias)

bias)
low low low unclear low low low [30]
low low low low low low low [37]
low low low low low low low [29]
low low low unclear low low low [34]
low low low unclear low low low [31]
low low low unclear low low low [32]
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low low high high low low high [41]
low low low low low low low [36]
low low low low low low low [38]
low low low low low low low [33]
low low low low low low low [40]
low low low low low low low [42]
low low low low low low low [35]
low low low low low high high [39]
low low low high low low high [43]

Main outcome parameters

Functional outcomes: Functional changes were assessed in
only one study, looking at the effects of vitamin E (536 mg.d1)
on salivary gland function following 4 weeks of 1-131 treatment
[34]. Effect sizes varied greatly, with no functional outcome
showing a clear negative or positive effect of the health
supplement, with effect sizes ranging from -0.60 to +1.05. The
largest beneficial effect was seen in the maximum uptake ratio
of the left submandibular gland (+1.05), but both parotid glands
showed slight negative effects (Figure 2).

Assessment (Salivary Gland) Effect Size Hedges' g 95% €1
Excretion fraction

Lef parosd = T 0.52 [-1.2%; 0.05]
IRight pasotid L5 025 (=090 040
Lefl submandibular jorc] 00 |-0B4; 0BT
Right subsmandulae — 006 [-0.71; 0U6D]
First-minuwie uptake ratio

Laft parosd -] 045 =1.12:0.21]
Right pasotid L3 R ] [-1.28: 00T]
Left submandibular — 009 {-0.75: DL56]
[Right submanaaular — L] 074 05T
Maximum secretion percentage

Latt parotd L 05T I-1.26: 0uDE]
Right pasoid — 0322  |[-0.BB: D43
LLeft submandibular —_— 032 034 00Ra]
[Right submandialar = 012 [-0.53; D.TE]
Maximum sptake ratie

ILef parotd . 030 {=0.96; D.36]
[Rught parotid — 035 {-1.0%:0031]

Left submandibular 3
Right subsmandSular I —

-1.05
-0.6T7

[oa7
[ 001

1.78]
1.36]

1.5 -1 08 0 05 1 15
in #avor of conbrod In favor of Intersention

Figure 2: Effect sizes of salivary gland function when taking
vitamin E supplements as observed by Fallahi et al., [34].
Vitamin E (536 mg.d!) was taken orally during radioiodine
(I-131, 4393 MBq) treatment. Plotted outcomes represent
Hedge’s g with a 95% confidence interval. Effect sizes that are
positive (rightward) indicate a beneficial effect in favor of the
intervention compared to the control.

Biochemical outcomes: Biochemical changes were evaluated
in five studies, investigating antioxidant behavior, blood
components, tissue changes and urine markers. Regarding
antioxidants, supplementation using curcumin showed large and
very large reductions in catalase (-0.51) and superoxide

© Copyright iMedPub

dismutase (-0.75), respectively, although there was a moderate
increase in total antioxidant capacity (+0.41) [32]. Conversely,
Kang et al.,, saw extremely large increases in both reactive
oxygen metabolites (+2.31) and biological antioxidant power
(+3.74) with the use of hydrogen-rich water, although a
relatively low total radiation dose was used [41]. The large
variation both between and within studies resulted in the large
prediction interval (Figure 2). The hydrogen rich water saw
minimal changes in blood components although there was a
moderate negative effect on erythrocyte cell count. Similarly
small changes were observed using a relatively low dose (120
mg.d1) of curcumin [33]. A large positive effect on hemoglobin
concentration was seen using short-chain fatty acids [38]. Pinto
et al.,, also investigated tissue changes and observed negative
effects on both mucosal tissue protein and DNA [38].
Personalized doses of glutamine dipeptide proved effective at
improving urine markers of immune health.

The meta-regression analysis showed both increased risk of
bias (1.43 (0.34-2.51), p=0.010) and elevated radiation dose
(0.06 (0.02-0.09), p=0.001) significantly increased the estimated
effect sizes. Heterogeneity results suggested considerable
heterogeneity (12=87%), with heterogeneity being much greater
in the antioxidant subgroup than in the blood components
analysis. Tissue changes and urine markers returned low
heterogeneity due to each being composed of a single study.

Clinical outcomes: Symptomatic changes varied greatly
(range: -1.07 to +2.81) in both clinically assessed and self-
assessed outcomes. Skin reaction was improved clinically using
topical gels and a rectally applied ointment [29,30,40]. Boron
also improved skin reaction when self-assessed albeit at a
slightly reduced magnitude, with large and very large effects
observed [30]. Proctitis and cystitis were improved following the
application of aloe vera (2 g.dl), but not with curcumin (125
mg.d1) [33,40]. However using a Curcuma longa gel three times
a day led to extremely large effects in reducing oral ulcer and
erythema size [36]. Conversely, the use of GeneTime®, a
recombinant form of human epidermal growth factor in the
form of a mouthwash, induced an extremely large negative
effect on ulcer size [42]. GeneTime® reduced patient reported

5



2024

Journal of Nutraceuticals and Food Science

pain, although the size of the effect reduced over time [42]. An
extremely large improvement in pain (less pain) was also seen
with the topical application of a vitamin D gel twice a day [37].
Self-assessed symptoms in the lower digestive tract were
improved by rectally applied aloe vera ointment, but not by
curcumin given orally [31,40]. Curcumin supplementation for
prostate radiotherapy saw an extremely large improvement in
self-reported urinary symptoms, but no effect was seen on
reported sexual activity. The largest symptomatic improvement
was in quality of life following supplementation with 1.5Lto 2 L
of hydrogen-rich water a day (+2.81).

The meta-regression analysis shows that studies with high risk
of bias returned higher effect sizes (0.99 (0.20-1.77), p=0.013).
Contrary to previous results, higher radiation doses caused a
larger positive effect (0.08 (0.05-0.11), p<0.001). The
heterogeneity was again high (12=88%) indicating considerable
heterogeneity.

Discussion

Summary of main results

The studies obtained in this systematic review were extremely
heterogenous due to the intention of obtaining analogues for
spaceflight radiation. As a result of this lack of standardization
between studies, radiation varied in both dose and target area
with a plethora of health supplements used. No study evaluated
whole-body radiation exposure, but rather each study evaluated
health supplement efficacy at cancer-specific regions. Of the 57
measures with clear potential for beneficial changes (i.e., not
biochemical blood components) 41 showed a beneficial change
in favor of the intervention, 2 showed no difference and the
remaining 14 showed a beneficial change in favor of the control.
Furthermore, 25 showed clear positive effects of the
intervention (i.e., confidence interval not crossing 0) and 3
showed clear negative effects. Of these interventions
demonstrating clear positive effects 18 were related to
symptomatic changes, as were 2 showing clear negative effects.
Prediction intervals for each appropriate physiological category
(antioxidants, blood components, clinically assessed symptoms
and self-assessed symptoms) suggest there is no clear beneficial
effect of health supplements.

Quality of evidence

The risk of bias in the assessed studies was predominantly
low, likely due to only including randomized controlled trials.
Still, 3 trials had a high risk of bias, 1 due to selective reporting
of data, 1 due to not blinding the outcome assessment and 1
that did not blind participants or the outcome assessment
[39,41,43].

Only one study assessed the ability of functional changes to
counter the effects of radiation, focusing on salivary gland
function [34]. While large and extremely large effect sizes for
maximal uptake ratio were seen in the submandibular glands in
patients taking vitamin E supplements, the majority of effects
were negative compared to the control group. While the
biochemical actions of the antioxidant, vitamin E, would be
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theorized to provide a radio protective effect, none was seen in
salivary gland function at the dose tested [34]. As the radiation
dose was localized to the thyroid gland while the vitamin E
supplementation was whole-body it is possible that either a
higher dose, or a more regionally-targeted supplement could
provide a radio protective effect.

While most studies used health supplements with an
antioxidant-based mechanism, antioxidant capacity was only
measured in two studies. Hydrogen-rich water demonstrated an
increase in systemic antioxidant activity, although blinding was
not present in this study [41]. Similar findings for hydrogen-rich
water have been observed in other domains, notably increasing
antioxidant activity to induce beneficial lipid profiles in subjects
at risk of metabolic syndrome which were also seen in people
with type 2 diabetes or impaired glucose tolerance [44,45]. To a
lesser degree curcumin also increased antioxidant capacity with
a moderate effect size (Figure 3) [32]. Curcumin is widely used in
radiotherapy both for its radioprotective antioxidant ability and
its ability to radio-sensitize cancerous cells [46,47]. However, if
used in high doses it can increase reactive oxygen species
concentrations and therefore is unlikely scalable to larger
radiation doses or more widespread radiation [48,49].

The majority of blood components exhibited only minor
changes when using a health supplement compared to controls
(Figure 3). Of note is the large positive effect size of hemoglobin
concentration associated with short-chain fatty acids and the
potentially moderate negative effect size of erythrocyte
concentration associated with hydrogen-rich water (Figure 3)
[38,41]. It is important to note that as blood components sit
within normative ranges, the relative direction of the positive
and negative change may not necessarily relate to whether the
change is beneficial. Short-chain fatty acids are expected to
increase hemoglobin concentration as short chain fatty acids
induce y-globin synthesis [50].

Health Radiation  Risk of
Supplement

Author Outcome Variable Dose (Gy)  Bias Effect Size Hedges'g  95% Gl

7400 Low 041 [021; 105
7400 Low = 075 [141;:012]
7400 Low - 013 [049; 075
7400 Low * 051 (115 0.11]
3578 High - 231 [162 308
3578 High —— a7 (285 478
— [-0.54; 2.30]
—_— [4.34; 6.40]

3578 High -+ 003
3578 High - 044 [-10; 0.12)
3578 High 002 [-058; 053]
000  [-055 055

[-0.58; 0.53]

- 003 [-058; 053]

L 004 [05%; 0.60]

s 59.40 Low e 064 [-028 179
9, 001 [-050; 0.48]

g
I

E 016 [-033 065
€9.70 Low -+ 004

(053; 0.45]
(071; 0.26]
(050; 051)
(0.19; 03]
(0.21; 015]

ine dipeptide 4690 High + 001

Short-chain fatty acids ~ 59.40 Low - 011 [-086; 1.11]
Short-chain fatty acids 5940 Low —— 043 [:053; 149]
- [-041; 1.00]

rine Markers
CD4/CDB Giutamine dipeptide 4690 High = 102 [04g; 157
Lactuloseimannitol excretion Giutamine dipeptide  46.90 High = 076 [025;130]

- [053; 1.27]

4 2 0 2 4
In favor of control In favor of intervention

Figure 3: Effect sizes of biochemical outcomes following
health supplementation. Plotted outcomes represent
Hedge’s g with a 95% confidence interval. Effect sizes that
are positive (rightward) indicate a beneficial effect in favor
of the intervention compared to the control. For blood
components
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that have a normative range and therefore no definitive
‘positive’ direction, an increase was interpreted as positive.

Tissue changes were assessed in only one study, where short
chain fatty acids prevented a decline in tissue protein and tissue
DNA compared to control [38]. However, in this study the effects
of radiation still resulted in reduced tissue protein and DNA,
suggesting that short chain fatty acids do not prevent tissue loss,
which could be exacerbated by higher radiation doses.

Intestinal permeability was preserved using glutamine
dipeptide in a single study, as determined by the lactulose/
mannitol ratio, while immune function, determined by CD4/CD8
ratio, improved [43]. Glutamine provides fuel for lymphocytes,
enhancing immune function and protecting the mucosal layer of
the intestinal barrier which has been shown to help reduce
infection risk and reduce hospital stays in abdominal surgery
patients [51-54]. Further studies would be required to confirm
these findings however, as the current study that showed this
relationship did not blind the outcome assessment.

The largest observed benefits were in symptomatic outcomes,
with sodium butyrate, Curcuma longa and aloe vera all inducing
extremely large beneficial results in clinically assessed outcomes
(Figure 4). Similar results were observed in self-assessed
outcomes with vitamin D, hydrogen-rich water, Curcuma longa,
aloe vera and GeneTime® (Figure 4). Given the lack of
physiological differences this is somewhat surprising, although it
should be noted that some of the higher effect sizes seen were
in studies with a higher risk of bias. This likely reflects the notion
that the radiation is the primary cancer treatment, with health
supplements provided to improve quality of life by alleviating
symptoms, targeting those that affect patients the most [55-57].
Furthermore, many studies applying health supplements do so
as part of curative treatment, as opposed to prophylactic
treatment, so it is unclear whether these results could be biased
as a result of not being assessed in those with milder symptoms.
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Figure 4: Effect sizes of symptomatic outcomes following
health supplementation. Plotted outcomes represent Hedge’s
g with a 95% confidence interval. Effect sizes that are positive
(rightward) indicate a beneficial effect in favor of the
intervention compared to the control. For blood components
that have a normative range and therefore no definitive
‘positive’ direction, an increase was interpreted as positive.
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Relevance to space

Radiation is a major health hazard astronauts will face on
missions beyond low Earth orbit [58]. Despite this, there are few
strategies to mitigate the effects of radiation damage, with
current strategies largely based around reducing operations to
preserve health [59]. Current plans of sending humans to Mars
(~1000 days) will involve exposures exceeding the cumulative
exposure time aboard space stations in low Earth orbit [60]. Not
only will the time of exposure be greater in future deep space
exploration missions, particularly during sustained habitation
missions on the lunar surface, but also the lack of protection
from Earth’s magnetic field will leave astronauts exposed to
radiation [61]. Physical shielding on Earth is primarily used to
avoid radiation exposure in a clinical setting, but the weight (i.e.,
lead) and relative scarcity of such materials (i.e., water) makes it
impractical to use in space and therefore light-weight shielding
requires additional strategies to further minimize exposure [62].

The radiation exposures between clinical and extraterrestrial
environments differ greatly. The clinical studies analyzed in the
current systematic review involved radiation doses of 35-70 Gy
at a specific site, whereas in space the radiation dose would be
much less (0.48 mGy.d1), but with the particularity that the
whole body would be exposed [65]. Additionally, radiotherapy
typically lasts <6 weeks whereas a return Mars mission may
involve 500 days of deep space travel, an exposure 12 times
greater. While the absorbed dose would still be far less (70 Gy
vs. 0.25 Gy, it is unclear what effects this might have as they
have never been studied in humans. Therefore, current evidence
suggests radiation damage would be less severe. However, on
Earth, clinical doses consist of a single type of ionizing radiation,
target a specific area and have a controlled and safe, dosage.
Conversely, space radiation is composed of many varieties of
ionizing radiation, including HZE particles emitted from galactic
cosmic rays and solar particle events that have received limited
research, particularly on their interaction with biological tissue
[66]. In solar particle events the radiation dose can increase to
100 mGy.h'! or 500 mGy.h'! if doing extravehicular activity [67].
Solar particle events typically only last hours, but they have the
potential to rapidly accelerate the received radiation dose which
could result in severe radiation injury throughout the body [68].
While solar particle events can be predicted, the time frame
given is relatively short compared to the length of a deep-space
mission and the spacecraft would be unable to divert its course
to avoid exposure. For this reason, missions will typically be
planned in periods of anticipated low solar activity [69].
Regardless of these preventative measures, a high radiation
dose resembling that experienced by radiotherapy patients,
could feasibly be experienced to the whole body during a
mission. In this scenario having onboard medications that
reverse the physiological effects and provide symptomatic relief
will help to maintain crew health and occupational productivity
for the remainder of the mission until they can receive ground-
based medical treatment.

A variety of pharmaceutical agents, including health
supplements are routinely used on board orbital space stations
for a variety of reasons [63,64]. In the current systematic review,
there was minimal evidence for the use of health supplements
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to prevent declines in functional or biochemical markers. Some
health supplements offered beneficial responses to symptoms,
which could be critical in ensuring operations are uninterrupted
from both physical and emotional stress.

However, as space radiation effects the whole body, biological
damage, symptoms and consequently their treatment, would
not be limited to specific regions as with cancer patients, but
instead be more widespread. Therefore, the protective effects of
a health supplement when exerted on the whole body may
more meaningfully enhance physiological protection or
symptomatic relief. Current treatments typically target a specific
region, such as glutamine for intestinal damage, gels for skin
sites and mouthwashes for dry mouths (Table 1). Ideally a health
supplement targeting multiple regions would be used. This is
likely to be substances that enter the circulation (i.e. oral
supplements, intravenous supplements) rather than topical
agents (i.e., gels, ointments) applied to a specific area. The only
health supplement evaluated across different radiated regions in
this review was curcumin, which acts simultaneously to prevent
cancer cell proliferation and preserve non-cancerous cells
[70-72]. While numerous studies have shown curcumin to
increase survival, reduce tumors and improve quality of life, it
remains under investigation as conflicting results exist and
results may not be clinically meaningful [73-76]. Whether other
health supplements may provide a benefit to other irradiated
regions is currently unknown, however health supplements that
are distributed systematically are likely the best candidates.

Additionally, in space the health supplements may be
metabolized differently in microgravity. If the supplement is
metabolized too quickly it can lose its efficacy and if too slowly it
can accumulate in the bloodstream, leading to toxicity [12].
Health supplements themselves may be at risk of radiative
damage which could destabilize them and reduce their shelf life
reducing their effectiveness over time [63]. However,
information as to the effectiveness of health supplements in
space is limited as of the health supplements flown in space
medication information has often been unrecorded and multiple
medications are taken (~4.wkl) which may have effects that
interact, thereby masking the true effects of the health
supplement [63].

Cumulatively these factors suggest that future research
regarding the use of health supplement during spaceflight
should look to evaluate the effects of a single health supplement
on multiple irradiated areas, especially those that act
systematically, as well as whether effects are augmented or
suppressed when multiple health supplements are taken at
once. Irradiated areas should then be assessed for both area-
specific physiological function that enables tissue health to be
tracked, as well as symptomatic improvements relevant to daily
quality of life and occupational duties. While using human
models of whole-body ionizing radiation to assess these effects
is likely unethical, animal models may provide an option to
obtain informative insights that can guide best practice. Human
trials should look to investigate the timing of health supplement
administration in relation to irradiation as this has been
underreported but could meaningfully effect the mitigation of
radiation damage. Regardless of the interventional population,

8

Vol.9 No.4:45

having a standardized protocol, specific to the radiation
anticipated in the spaceflight environment, would help minimize
the heterogeneity between studies that was found in this
review.

Conclusion

This systematic review suggests limited effects of health
supplements on mitigating radiation damage to healthy tissue in
regard to functional and biochemical measures. Symptomatic
relief may be aided through health supplements, although if
these health supplements are shown to only benefit specific
areas of the body, additional health supplements may be
required to provide whole-body symptomatic relief. The
heterogeneity encountered in this systematic review underlies a
potential reason for the current clinical lack of consensus and
provides further direction for future clinical studies, with
appropriate controls, needed to validate the benefits of health
supplements shown to have strong positive effects.
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