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ABSTRACT

The present review aims to find out the possibility
of using a H20- nasal spray by studying the available
hydrogen peroxide sprays for human use for various
purposes. Normally 3-6% solutions of H,O; are used
in medical applications. The reported NOEL and
LOAEL studies indicated that up to 14.6mg/m?® was
found to be safe in human trials. Hence the available
safety reports recommend that, a single exposure of
0.3% H,0- in the external nostrils as a nasal wash
with a subsequent blowing of nose can be helpful in
relieving decongestion.
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1L.INTRODUCTION

Hydrogen Peroxide is a colourless liquid at room
temperature possess powerful oxidizing activity?’.
Aqueous solutions of 3%-6% are used for cosmetic
& medical applications. Hydrogen Peroxide and
water do not form an azeotropic mixture (two or
more liquids whose proportions cannot be altered or
changed by simple distillation), and are completely
separable?®,

Hydrogen peroxide is physiologically produced by
oral bacteria and plays a significant role in the
balance of oral microecology due to its important
antimicrobial activity . In the epithelial cells, the
enzyme superoxide dismutase catalyses a reaction
leading from hydrogen peroxide to superoxide. The
oxidative stress stimulates a local innate response
through activation of the toll-like receptors and the
NF-xB2. Viral infections also activate these kinds of
reactions ®. Virus-induced oxidative stress plays an
important role in the regulation of the host immune
system and the specific oxidant-sensitive pathway is
one of the effective strategies against viral infections
46 Many viruses have been found to be sensitive to
hydrogen peroxide, such as swine flu, rubella, rabies
etc’12,

Hydrogen Peroxide is used in cosmetic sprays and
could possibly be inhaled; for example, it is reported
to be used up to 4% in aerosol hair sprays. In
practice, 95% to 99% of the droplets/particles
released from cosmetic sprays have aerodynamic
equivalent diameters > 10 pm, with propellant
sprays  yielding a greater fraction of
droplets/particles < 10 pm compared with pump
sprays (314, Thus, most droplets or particles

incidentally inhaled from cosmetics would be
deposited in the nasopharyngeal and thoracic
respiratory tract regions and would not be inspired
(i.e., they would not enter the lungs) to any
appreciable amount 516),

This study aims at determining the possibility of
usage of Hydrogen Peroxide as a nasal wash at safe
concentrations.

Pharmacokinetics of H,O»

Hydrogen Peroxide is a normal metabolite in aerobic
cells®®. Hydrogen Peroxide passes readily across
biological membranes. Under normal, physiological
conditions, the concentration of Hydrogen Peroxide
in tissues is 1 to 100 nM/L (0.034 to 3.4 pg/L)
depending upon the organ, cell type, oxygen
pressure, and cell metabolic activity @9, In
biological systems, Hydrogen Peroxide is
metabolized by catalase and glutathione peroxidases
(20)

The highest activities are found in highly
vascularized tissues such as the duodenum, liver,
kidney, and mucous membrane @Y. In the
metabolism of Hydrogen Peroxide to water and
oxygen, the decomposition rate in human plasma is
approximately 0.01 to 0.05 M/L/min. Catalase is
more efficient at the decomposition of higher
concentrations of Hydrogen Peroxide; glutathione
peroxidase is more efficient at decomposing lower
Hydrogen Peroxide concentrations 2. Glutathione
peroxidase is present in cytosol and mitochondria
but not in peroxisomes. A high glutathione
peroxidase reduction activity of Hydrogen Peroxide
is found in liver and erythrocytes; moderate levels
are found in the heart and lungs, and a low activity
is present in muscle. In the presence of transition
metals in cells, Hydrogen Peroxide can be reduced
via the Haber-Weiss reaction @3, This reaction
produces hydroxyl radicals (free radicals) which are
highly reactive and can result in lipid peroxidation.
At high uptake rates, Hydrogen Peroxide can pass
the absorption surface and enter the adjacent tissues
and blood vessels, where it is rapidly degraded by
catalases and molecular oxygen is liberated 129, As
a consequence of this, mechanical pressure injury
and oxygen embolism may be observed. In the view
of the high degradation capacity for Hydrogen
Peroxide in blood, it is unlikely that it is
systemically distributed; therefore, the endogenous
steady state levels of the substance in tissues are
unlikely to be affected. On 1000-time dilution of the
rat blood, the half-life of Hydrogen Peroxide was
less than 5 min at both 5 and 10 mg/L. 6 For 20
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mg/ml, the half-life was more than 4 h. In the study,
concentrations of Hydrogen Peroxide were much
greater than the range of aqueous solutions in
products or in-use concentrations. Furthermore, this
supports the view of rapid decomposition of
Hydrogen Peroxide entering the blood circulation
which will not be systemically available. For this
reason, the distribution of Hydrogen Peroxide in the
body is expected to be very limited after exposure to
Hydrogen Peroxide solutions. Due to the rapid
endogenous transformation into water and oxygen,
there is no specific excretion of Hydrogen Peroxide
or a determinable degradation product 9.

2. METHODOLOGY

2.1. Mucolytic Action of H20-

In 1941, William et al. ©®® demonstrated the
mucolytic properties of hydrogen peroxide and
ascorbic acid on purified gastrointestinal mucin ©9,
They showed that hydrogen peroxide as a single
agent is capable of degrading mucin and that the
speed of the reaction can be increased 250-fold by
the addition of ascorbic acid (equimolar quantities).
Hydrogen peroxide is an oxidizing agent that may
target the disulphide bonds and hence disrupt the
cross linkage between adjacent molecules @2, It may
also attack the glycosidic linkages 9.

A study by Pillai et al in 2012 compared both
ascorbic acid (0%-0.2%) and hydrogen peroxide
(0%-3.0%), as single agent which showed
mucolytic action on Peritoneal mucin. A linear
increase in mucolysis has demonstrated with
increasing concentration of each agent ©9),

2.2. Inhalation

Anesthetized rabbits (number and strain not
specified) were administered aerosolized 1% to 6%
aq. Hydrogen Peroxide by inhalation. The left atrial
blood was found to be supersaturated with oxygen
up to levels that corresponded to oxygen
administration at 3 atm. When the amount of
Hydrogen Peroxide was increased, small bubbles
began to appear in the blood samples. The amount
of arterial oxygen was the same with both 1% and
6% Hydrogen Peroxide. No further details were
provided 19,

2.3. Toxicokinetic Studies in human trials

A study by Ernst Gard et al depicts that Subjects (n
=11) were exposed to Hydrogen Peroxide (30% aq.;
0, 0.5, and 2.2 ppm; calculated as 0, 0.7, and 3.08
mg/m3 ) vapours for 2 h at rest in an exposure
chamber (20 m3 ). Symptoms related to irritation
and central nervous system (CNS) effects were rated
with Visual Analog Scales. The ratings varied
considerably but were generally low and with no
significant  differences  between  exposure
conditions, although the ratings of smell, nasal
irritation, and throat irritation showed borderline
tendencies to increase at 3.08 mg/m3, but not at 0.7
mg/m3 . Nasal airway resistance increased after

exposure to 3.08 mg/m3, but not at 0.7 mg/m3 . No
effects in relation to the exposure on pulmonary
function, nasal swelling, breathing frequency, and
blinking frequency were detected. No clear effects
were seen on markers of inflammation and
coagulation (e.g., interleukin-6, C-reactive protein,
serum amyloid A, fibrinogen, factor VIII, von
Willebrand factor, and Clara cell protein in plasma).
The authors concluded that Hydrogen Peroxide was
slightly irritating at 3.08 mg/m3 , but not at 0.7
mg/m3 @4,

Another study by National Industrial Chemicals
Notification and Assessment Scheme (NICNAS)
towards Human health, Tier Il assessment for
hydrogen peroxide (H202) in 32 subjects indicates
the threshold of detection for irritation through
inhalation exposure was 10 mg/m3 (independent of
the exposure time, which was from 5 minutes to 4 h)
when Hydrogen Peroxide (concentration not
provided) vapor was inhaled through the nose using
a face mask .

2.4. Short Term Inhalation Toxicity Study

Mice exposed to Hydrogen Peroxide (90% aq.; 79 or
107 mg/m3) for 6 h per day for 2 to 3 days per week,
for up to 4 weeks had nasal discharge, oedematous
feet, and irritation of the skin at week 2 and hair loss
around the nose (probably due to scratching due to
irritation) at week 5; seven of nine mice died after
eight exposures in the low-dose group, and in the
high dose group, five of 10 mice died after eight
exposures and eight of 10 died after 18 exposures®®.
Rats exposed to Hydrogen Peroxide (50% aq.) 5
days per week, 6 h per day, for 28 days showed
clinical signs at 14.6 mg/m3 (including reddened
nose, salivation, irregular breathing), but not at 2.88
mg/m?3; the no-observed-effects-level (NOEL) was
2.9 mg/m® and the Lowest Observed Adverse Effect
Level (LOAEL)?was14.6mg/m3. Rats exposed to 93
mg/m3 Hydrogen Peroxide (90% aq.) for 6 h per day
for 2 to 5 days per week for 7 weeks (30 exposures)
showed signs of nasal irritation and profuse
discharge at 2 weeks, lung congestion and hair loss
(probably due to scratching due to irritation) at 5
weeks @9, In black rabbits exposed to 90%
Hydrogen Peroxide (30 mg/m3) vapor for 6 h per
day, 5 days per week for 12 weeks, there were no
effects observed except for the bleaching of the fur
and some irritation around the nose®®.

2.5. Sub-Chronic Inhalation Toxicity Studies

In rats exposed to Hydrogen Peroxide
(concentration not specified) in whole body
chambers for 5 h per day, 5 days per week for up to
4 months, the threshold for lung effects was 10
mg/m3 ; the NOEL was 1 mg/m3 and the LOEL was
10 mg/m3 . 2,32 There were no mortalities when rats
were exposed to Hydrogen Peroxide (50% aq.) up to
10.3 mg/m3 for 6 h per day, 5 days per week, for 13
weeks; the NOAEL was 3.6 mg/m3 for male and
female rats for decreased liver and thymus weights.2
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Irritation was noted around the nose of rabbits
exposed to 90% ag. Hydrogen Peroxide at 22 ppm
(calculated as 30.77 mg/m3 ) for 3 months®?),

2.6. Chronic Toxicity Inhalation Studies:

In two dogs exposed to aerosolized 90% Hydrogen
Peroxide (10 mg/m?®) for 6 h per day, 4 to 5 days per
week for 26 weeks, the only observed effects were
fur bleaching and loss at 14 weeks, and sporadic
sneezing and lacrimation at 23 weeks @), At
necropsy at 26 weeks, the lungs had areas of
atelectasis and emphysema, and there was some
hyperplasia in bronchial musculature 9,

2.7. Carcinogenicity Studies:

International Agency for Research on Cancer
(IARC) determined that there is inadequate evidence
in humans to come to a conclusion on the
carcinogenicity of Hydrogen Peroxide and that there
is limited evidence in experimental animals on the
carcinogenicity of Hydrogen Peroxide. 1ARC
concluded that Hydrogen Peroxide is not classifiable
as to its carcinogenicity to humans (Group 3)?.

2.8. Other Occupational Exposure Studies on H,0,:
The Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for
inhalation of Hydrogen Peroxide is 0.0001% (1.4
mg/m3) averaged over an 8-h work shift. The
National Institute for Occupational Safety and
Health (NIOSH) immediately dangerous to life or
health (IDLH) level for Hydrogen Peroxide is
0.0075% and the recommended exposure limit
(REL) is 0.0001% (1.4 mg/m?3) @330 According to
the American Industrial Hygiene Association
(AIHA) emergency response planning guideline
(ERPG-2), the maximum airborne concentration
below which nearly all individuals could be exposed
for up to 1 h without experiencing or developing
irreversible or other serious health effects or
symptoms which could impair an individual’s
ability to take protective action is 50 ppm
(0.0050%). The Scientific Committee on
Occupational Exposure Limits (SCOEL) concluded
that an occupational exposure limit (OEL) of
0.0001% (1.4 mg/m?) for Hydrogen Peroxide, as 8-
h time-weight average (TWA), is recommended G,
NICNAS conducted a Tier Il assessment on
Hydrogen Peroxide under IMAP (see Non-Cosmetic
Use section for more related information) ©2. It is
advised that industries should use measures to
minimize the risk of oral, dermal, ocular, and

inhalation exposure to Hydrogen Peroxide by
workers.

3. DISCUSSION

The study by William et al shows the mucolytic
effect of the H,O, which is increased by 250-fold in
addition of ascorbic acid. This is supported by the
findings of Pillai et al showing the mucolysis in
peritoneal mucin. Table 1 shows the published safe
concentrations of the hydrogen peroxide
administered through inhalation and other modes in
various animal and human studies.

On observing the inhalation effects of the H,0,, it is
observed that up to 90% aqueous aerosol exposure
of 107mg/m? administered in frequencies in mice for
2 weeks produces oedematous, nasal discharge and
skin irritation. 50%aqueous concentration of
14.6mg/m? in rats for a period of 28 days produced
irregular breathing and redness in nose. 1-6%
aerosolized concentration administered in rabbits
produced supersaturation of atria with oxygen and at
concentrations of 30mg/m® in black rabbits,
bleaching of fur and irritation of nose were reported.
On human studies, 30% aqueous concentration of
3.08mg/m?® increased nasal airway resistance was
reported.

Table 1: safe concentrations of hydrogen peroxide in

animal and human studies.

Figure 1: Concentration of Hydrogen Peroxide in
mg/m3 vs Physiological Effect

S.NO. PUBLISHED EFFECTS
CONCENTRATION
1. 0.2-3% in Peritoneal Mucolytic
mucin effect
2. 90% aqueous Oedematous
107mg/m3in mice for = feet, nasal
2 weeks discharge and
skin irritation
3. 50% aqueous  Irregular
14.6mg/m3 in rats for = breathing,
28 days reddened
nose.
4, 1-6% aerosolized in Supersaturatio
anesthetized rabbits n of atria with
oxygen
5. 90% aqueous Bleaching  of
30mg/m® in black fur and
rabbits irritation of
nose.
6. 30% aqueous  Increase in
3.08mg/m?3 to Nasal Airway

10mg/m3in humans resistance
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Concentration VS EFFECTS

(blank)

Irregular breathing, reddened nose.

Increase in Nasal Airway resistance s

Edematous feet, nasal discharge and skin iritation
Bleaching of fur and irritation of nose.

Effect

Table 2: conversion table for making various
concentrations of H,0;

Quantity of = Quantity % concentration

Hydrogen of water of H,0;
Peroxide
1 part 3
1 part 2 parts 2
6% H202 3 parts 1.5
4 parts 1.2
5 parts 1

The Study noted the issue of incidental inhalation
exposure in aerosol hair sprays is about 4%. The
available inhalation data suggest little potential for
respiratory effects at relevant doses.

It should also be highlighted that inhalation toxicity
studies on test animals are often conducted using
high concentrations of droplets/particles with size
distributions well within the respirable range and
long exposure durations to ensure that the potential
for pulmonary or systemic toxicity will be detected.
In contrast, however, the concentrations of
respirable droplets/particles and the inhalation
exposure durations from the use of cosmetic
products will be much less than those of the animal
studies. A randomized, double-blind, parallel,
placebo-controlled clinical trial by Di Domenico
MB et al to assess the effectiveness of (1.0 %)
gargling and (0.5%) nasal wash with H2O, shows
that H.O as a mouthwash and nasal spray is safe to
use 7,

4. CONCLUSION

Thus, with the available toxicological data and
safety reports, we can suggest that, a single exposure
of 0.3% H,0 in the external nostrils as a nasal wash
with a subsequent blowing of nose can be helpful in
decongestion and also in maintaining a sterile
environment in the external nostrils. Still further
studies are still required to provide accurate efficacy
of the formulations developed.

References

1. Keke Z., Xuedong Z., Xin X. The origin of
hydrogen peroxide in oral cavity and its role in oral

0

20 40 60 80 100 120

Concentration of Hydrogen Peroxide in mg/m3

microecology balance. Hua Xi Kou Qiang Yi Xue
Za Zhi. 2017; 35:215-220.

2. Wang M., Lu M., Zhang C., Wu X, Chen J., Lv
W. Oxidative stress modulates the expression of
toll-like receptor 3 during respiratory syncytial virus
infection in human lung epithelial A549 cells. Mol
Med Rep. 2018.

3. To E.E., Broughton B.R.S., Hendricks K.S.,
Vlahos R., Selemidis S. Influenza A virus and TLR7
activation potentiate NOX2 oxidase-dependent ROS
production in macrophages. Free Radic
Res. 2014;48:940-947.

4. LiuM., ChenF., LiuT., ChenF, LiuS., YangJ.
The role of oxidative stress in influenza virus
infection. Microbes Infect. 2017; 19:580-586.

5. Zobel S, Lorenz M, Frascaroli G, Béhnke J, Bilz
NC, Stanifer ML, et al. Rubella Virus Strain-
Associated Differences in the Induction of
Oxidative Stress Are Independent of Their
Interferon Activation. Viruses 2018;10.

6. Aizawa H., Koarai A., Shishikura Y.,
Yanagisawa S., Yamaya M., Sugiura H. Oxidative
stress enhances the expression of IL-33 in human
airway epithelial cells. Respir Res. 2018;19:52.

7. Zobel S, Lorenz M, Frascaroli G, Béhnke J, Bilz
NC, Stanifer ML, et al. Rubella Virus Strain-
Associated Differences in the Induction of
Oxidative Stress Are Independent of Their
Interferon Activation. Viruses 2018;10.

8. Abd-Elghaffar A.A., Ali AEE., Boseila A.A,,
Amin M.A. Inactivation of rabies virus by hydrogen
peroxide. Vaccine. 2016; 34:798-802.

9. Cusinato R., Pacenti M., Martello T., Fattori P.,
Morroni M., Palu G. Effectiveness of hydrogen
peroxide and electron-beam irradiation treatment for
removal and inactivation of viruses in equine-
derived xenografts. J Virol Methods. 2016; 232:39—
46.

10. Kalmar 1.D., Cay A.B., Tignon M.
Sensitivity of African swine fever virus (ASFV) to
heat, alkalinity and peroxide treatment in presence
or absence of porcine plasma. Vet Microbiol. 2018;
219:144-149.

11. Vannier M., Chewins J. Hydrogen
peroxide vapour is an effective replacement for
Formaldehyde in a BSL4 Foot and mouth disease

40 International Journal of Community Pharmacy, Vol. 5, Issue 1



vaccine  manufacturing  facility. Lett  Appl
Microbiol. 2019; 69:237-245.

12. Ragland N.H., Miedel E.L., Engelman
R.W. PCR prevalence of murine opportunistic
microbes and their mitigation by using vaporized
hydrogen peroxide.J Am Assoc Lab Anim
Sci. 2019;58:208-215.

13. Johnsen MA. The Influence of Particle
Size. Spray Technology and  Marketing.
2004;14(11):24-217.

14. Rothe H. Special aspects of cosmetic spray
safety evaluation. 2011.
15. Bremmer HJ, Prudhomme de Lodder

LCH, and van Engelen JGM. Cosmetics Fact Sheet:
To assess the risks for the consumer; Updated
version for Cons Expo 4, 2006.
http://lwww.rivm.nl/bibliotheek/rapporten/3201040
01.pdf. Date Accessed 8-24-2011. Report No.
RIVM 320104001/2006. pp. 1-77.

16. Rothe H, Fautz R, Gerber E, et al. Special
aspects of cosmetic spray safety evaluations:
Principles on inhalation risk assessment. Toxicol
Lett. 8- 28-2011;205(2):97-104.

17. National Center for Biotechnology
Information (2022) National Center for
Biotechnology Information PubChem compound
summary for CID 784, hydrogen peroxide. 2022.
[30 August 2022].

18. Biocidal Products Committee. Regulation
(EU) No 528.2012 concerning the making available
on the market and use of biocidal products;
Evaluation of active substances assessment report;
Hydrogen peroxide; Product types 1-6. Finland:
2015.

19. European Chemicals Bureau. European
Union Risk Assessment Report; hydrogen peroxide;
CAS No: 7722-84-1; EINECS No: 231-765-0.
Helsinki, Finland: European Commission Joint
Research Centre; Institute for Health and Consumer
Protection; European Chemicals Bureau. 2003.

20. European Centre for Ecotoxicology and
Toxicology of Chemicals (ECETOC). Hydrogen
peroxide OEL criteria document; CAS No. 7722-84-
1. Brussels, Belgium: European Centre for
Ecotoxicology and Toxicology of Chemicals
(ECETOC). 1996.

21. Ilto A, Watanabe H, Naito M, et al.
Correlation between induction of duodenal tumor by
hydrogen peroxide and catalase activity in mice.
Gann Japanese Journal of Cancer Research.
1984;75(1):17-21

22. Halliwell B. Superoxide dismutase,
catalase and glutathione peroxidase: solutions to the
problems of living with oxygen. New Phytologist.
1974;73(6):1075-1086.

23. Halliwell B and Gutteridge J. Review
article: oxygen toxicity, oxygen radicals, transition
metals and disease. Biochemical Journal.
1984;219(1):1-14

24. Ernstgard L, Sjogren B, and Johanson G.
Acute effects of exposure to vapors of hydrogen
peroxide in humans. Toxicology Letters.
2012;212(2):222-2217.

25. National Industrial Chemicals Notification
and Assessment Scheme (NICNAS). Human health
Tier Il assessment for hydrogen peroxide (H202)
http://www.nicnas.gov.au/chemical-
information/imap-assessments/imap-assessment-
details?assessment_id=1404#cas-A_7722-84-1.
Sydney, Australia.

26. Oberst F, Comstock C, and Hackley E.
Inhalation toxicity of ninety percent hydrogen
peroxide vapor. A.M.A. Archives of Industrial
Health. 1954;10(4):319-327.

217. National Institutes of Health (NIH)
National Center for Biotechnology. Open Chemistry
Database; Compound summary for CID 784;
hydrogen peroxide

28. International Agency for Research on
Cancer (IARC). Hydrogen peroxide. In: IARC
Monographs on the Evaluations of Carcinogenic
Risks to Humans; Re-evaluation of Some Organic
Chemicals, Hydrazine and Hydrogen Peroxide. Vol.
71. WHO Press; 1999:671-689.

29. Agency for Toxic Substances and Disease
Registry. Hydrogen peroxide (H202); CAS 7722-
84-1; UN 2984 (8%-20%), UN 2014 (20%-52%),
UN 2015 >52%). Atlanta, GA: Agency for Toxic
Substances and Disease Registry Division of
Toxicology and Human Health Sciences. 2017

30. National Institute for Occupational Safety
and Health. Dangerous to life or health (IDLH)
values table of IDLH values. Washington, DC:
2014,

31. Scientific Committee on Occupational
Exposure Limits (SCOEL). Recommendation of the
Scientific Committee on Occupational Exposure
Limits for hydrogen peroxide Brussels, Belgium.
Last Updated 2008. Date Accessed 1-25- 2018.

32. National Industrial Chemicals Notification
and Assessment Scheme (NICNAS). Human
health Tier 11 assessment for hydrogen peroxide
(H202). http://www.nicnas.gov.au/chemical-
information/imap-assessments/imap-assessment-
details?assessment_id=1404#cas-A_7722-84-1.
Sydney, Australia. Last Updated 2014.

33. William V, Robertson B, Ropes MW, et al.
The degradation of mucins and polysaccharides
by ascorbic acid and hydrogen peroxide. (The
mechanism of peroxide reaction). Biochem J
1941; 35:903

34. Mantle M. Effect of hydrogen peroxide,
mild trypsin digestion and partial reduction on rat
intestinal mucin and its disulphide bound 118
kDA glycoprotein. Biochem J 1991; 274:679.

35. Cooper B, Creeth JM, Donald ASR.
Studies of the limited degradation of mucus

41 International Journal of Community Pharmacy, Vol. 5, Issue 1



glycoproteins. (The mechanism of peroxide
reaction). Biochem J 1985; 228:615.

36. Pillai, K., Akhter, J., Chua, T. C., & Morris,
D. L. (2012). Mucolysis by Ascorbic Acid and
Hydrogen Peroxide on Compact Mucin Secreted
in Pseudomyxoma Peritonei. Journal of Surgical
Research, 174(2), e69-e73

37. Di Doménico MB, Cesca H, Ponciano THJ,
Dos Santos RB, Lenz U, Antunes VP, Godinho
VW, Collares K, Corazza PH. Effectiveness of
hydrogen peroxide as auxiliary treatment for
hospitalized COVID-19 patients in Brazil:
preliminary results of a randomized double-blind
clinical trial. Epidemiol Health.
2021;43:€2021032.

42 International Journal of Community Pharmacy, Vol. 5, Issue 1



