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Abstract

The aim of the experiments reported here is to increase our understanding of the function of the
nasal fluid. It is generally accepted that the nasal fluid assists in the humidification of the inspired
air. It also assists in the capture of inspired particles such as pollen, preventing them getting
lodged in the lungs. It is also known to contain antibacterial substances which keep the nose, na-
sopharynx and respiratory passages relatively free of infection. There are other features of the
nasal fluid that are not understood. In cold weather, is it the fluid that collects in the nostrils pure
water or nasal fluid? Why does nasal fluid have an exceptionally high potassium concentration?
Does nasal fluid secreted during the common cold have the same composition as at other times?
My objectives are to try to answer these questions. My method is to collect my nasal fluid in sev-
eral different ways and have the ionic composition of each determined accurately. My findings are
that nasal fluid is similar in composition however it is secreted. In cold weather, if expiration is via
the nose, the nasal fluid is diluted by condensed water. The high concentration of potassium in the
nasal fluid is not a way of controlling the level of potassium in the body but I suggest that it may
assist in maintaining the antibacterial property of the nasal fluid.
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1. Introduction

The nose has many functions and for several functions it relies on its nasal fluid. The nose warms the inspired
air and also humidifies it by means of the nasal fluid and by transudation from the superficial capillaries in the
nostrils [1]. Probably, a more important role of the nose is to filter the incoming air and prevent small particles
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getting into the lungs. Among the most important small particles are pollen grains. In the lungs, pollen can cause
allergic reactions and difficulty in breathing. Small particles are trapped by nasal fluid, especially mucus secre-
tion, and these particles are transported by the mucosal ciliary flow [2]. It’s possible that admixture with the
serous secretion prevents the nasal fluid becoming too viscous. A very important function of nasal fluid is its an-
tibacterial property [3] [4].

There is a major problem in determining the exact composition of nasal fluid and this accounts for the fact
that there is often disagreement between different reports in the literature. Because of the unavoidable evapora-
tion of the nasal fluid, the concentration of its constituents increases over time. There will be more evaporation
if breathing is through the nose than through the mouth. There will be more evaporation if the inspired air is dry.
There is a continuous secretion of nasal fluid but we don’t know precisely how this varies. Even if it compen-
sates for the loss of water, it cannot restore the original concentrations unless it also varies the concentrations in
the secretions. A common feature is the creation of solid deposits in the nostrils as a result of evaporation. Such
deposits will tend to increase the concentrations in the overlying fluid. Obviously, when collecting a sample of
nasal fluid, one should try to avoid fluid that has been in contact with deposits for any appreciable time. Howev-
er, removing deposits from the nostrils, say with a cotton bud, is liable to stimulate secretion and for some expe-
riments this may be undesirable. Even clipping the nostrils in order to accumulate nasal fluid may also stimulate
secretion. Another important feature is that periodically we swallow our nasal fluid and we do this subcons-
ciously. The swallow may contain nasal deposits and so the next secretion may be markedly different. It is often
quite difficult to inhibit a swallow.

It is clear from all these considerations that the composition of the nasal fluid is never constant but varies with
time and conditions, and, of course, with the method of collection. One of the best ways of collecting a sample
of nasal fluid is to place a weighed piece of absorbent paper (e.g. filter paper) in the nostrils and remove after a
particular time [5]. However, if secretion is slow, evaporation will occur and concentrations will rise. Probably
the best estimate of the composition of nasal fluid is from a sample of nasal fluid immediately after a sneeze be-
cause this secretion is relatively large and occurs very rapidly, e.g. 0.2 ml in a few seconds [6].

The aim of this project is to answer the following questions. In all the functions of the nasal fluid, what is the
relevance of the ionic composition? Does this vary under different circumstances? Why is there an exceptionally
high concentration of potassium in nasal fluid? What is the composition of nasal fluid secreted at low temperature?

2. Methods

The results in this paper were obtained solely from the author. Nasal fluid was collected mostly by the use of a
small spoon of either plastic or stainless steel, about 10 mm x 5 mm x 2 mm, and placed as soon as possible in a
microcentrifuge tube with lid of 1.5 ml volume or less which is kept closed. Occasionally fluid was collected by
means of a small device made of stainless steel which clipped onto the septum between the nostrils and allowed
the fluid to siphon into a microtube. This was only used to collect fluid from a sneeze, otherwise too much fluid
was lost by evaporation.

All samples of nasal fluid were analysed by PaLMS (Pacific Laboratory Medicine Services), Royal North
Shore Hospital, Sydney. Sodium, potassium and chloride were analysed by ion-selective electrodes (Roche
Modular or Abbott Architect). Biarbonate, urea, calcium, magnesium and phosphate were analysed by the me-
thods designed by ARCHITECT eSystens and AEROSET System JCT.

Nasal fluid secreted at low temperature was collected either in a cold room at ~4°C in the Department of Phy-
siology, University of Sydney or in the Climate Chamber at ~4°C in the Faculty of Health Sciences, University
of Sydney.

A total of 21 samples were collected, distributed as shown in the various Tables. The only criterion for ac-
cepting a sample was that its volume should be at least 0.25 ml. There were no other criteria.

Wilcoxon signed rank tests were used for all statistical tests.

The project was approved by the Human Ethics Administration, University of Sydney (Project No:
2012/2479).

3. Results
3.1. A comparison of Nasal Fluids Obtained in Different Ways

Regardless of how nasal fluid is created, does it always have the same composition? | collected nasal fluid in
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four different ways: 1) as a spontaneous secretion; 2) resulting from a sneeze; 3) as secreted during a common
cold; 4) during a low environmental temperature. Table 1 shows the results from these four procedures. The
differences between these four sets of results were tested by the Wilcoxon signed rank test. Table 2 shows the
ratios of the four methods for each of the elements in the composition of the fluid.

There was no significant difference between any pair of the methods except for the difference between the
fluid collected spontaneously and the nasal fluid collected at 4°C. This difference is most probably explained by
the fact that 4°C fluid was collected over a period of about one hour and this would have allowed more time for
evaporation, so giving higher values for almost all the elements. However, the absence of a significant differ-
ence between the other pairs does not necessarily mean that there is no real difference. That is because the num-
ber of samples is low and, as explained previously, collection of nasal fluid is subject to several complications
(evaporation, swallowing, etc). Samples relating to the common cold were collected at an early stage of the in-
fection. At a later stage all the values were elevated but further samples could not be obtained, so it is necessary
to perform more experiments to check this observation. However, my preliminary observation is consistent with
the results of Vanthanouvong and Roomans (2004) reporting elevated ion concentrations in patients with com-
mon cold or rhinitis [7].

3.2. A Comparison of Nasal Fluids Data Reported Here with Values in Other Reports

Table 3 summarizes data published in this and six other papers. Some papers express their data as a range of

Table 1. Analyses of nasal fluids collected in different ways.

spontaneous (spont) sneeze (snz) common cold (cc) 4°C

sodium 184 +37 (2) 158.4 + 4.80 (5) 138.5 +3.50 (2) 189 + 24.99 (3)
potassium 32.6+5.2(2) 40.33 +1.345 (3) 31.7 £2.00 (2) 38.2 £4.47 (3)
chloride 2175 +56.5(2) 163 +8.73 (4) 156 + 0.0 (2) 205.7 £19.8 (3)
bicarbonate 10 +2.00 (2) 247 +1.17 (5) 17.5+ 250 (2) 11.67 +0.67 (3)
urea 15.71 +6.00 (2) 15.30 +1.90 (5) 13.15+0.15 (2) 25.57 £0.33 (3)
calcium 1.495 +0.27 (2) 1.026 + 0.025 (5) 1.315 +0.05 (2) 1.845+0.10 (3)
magnesium 0.72+0.21 (2) 0.83+0.10 (4) 0.47 £0.03 (2) 1.16 +0.13 (3)
phosphate 0.73+0.0 (2) 0.80 +0.09 (5) 0.72 £0.06 (2) 1.31+0.05 (3)

The spontaneous (spont) values are from samples of nasal fluid for which there was no known stimulus. The data in the last column (4°C) are the val-
ues obtained at 4°C when expiration was via the mouth, not the nose. All values are expressed as mmol/l (means +/— SEM); number of samples in
brackets. See Table 2 for statistical analysis of results.

Table 2. Statistical analysis of results in Table 1.

spont/snz spont/cc spont/4°C snz/cc snz/4°C ccl4C
sodium 1.16 1.33 0.97 1.14 0.84 0.73
potassium 0.81 1.03 0.85 1.27 1.06 0.83
chloride 1.33 1.39 1.06 1.04 0.79 0.76
bicarbonate 0.40 0.57 0.86 141 212 1.50
urea 1.03 1.19 0.61 1.16 0.60 0.51
calcium 1.46 1.14 0.81 0.78 0.56 0.71
magnesium 0.87 1.53 0.62 1.77 0.72 041
phosphate 091 1.01 0.56 111 0.61 0.55

ns ns - ns ns ns

This Table contains the ratios of all pairs of Means for each component. spont = spontaneous; snz = sneeze; cc = common cold; 4°C = samples col-
lected at 4°C. Analysis by Wilcoxon signed rank test, each condition grouped. No test was significant (ns) except for the spont/ 4°C comparison (P =
0.0234; ).
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Table 3. Comparison of published data with nasal fluid ionic concentrations in the current paper.

component A B C D E F G H
sodium 98 - 225 ~110 85+10 127+6 142 + 28 141+8 138 - 189

potassium 23-68 ~30 27+3 43+10 61+8 31-40
calcium 3-14 5+1 1.0-1.85
chloride 132+3 ~125 108 £5 1407 150 + 36 170+ 12 156 - 217

phosphate 3-7 0.72-1.31

All data are mmol/l. A: from Lorin et al., 1972 [5]. B: Smith et al. 1996 [8]. C: Knowles et al. 1997 [9]. D: Hull et al. 1998 [10]. E&F: Vanthanou-
vong & Roomans, 2004 [7]. G: Vanthanouvong et al. 2006 [11]. H: data from this paper. Data in A are the range of values. Data in C are approximate
values. Data in H are the range of Means from Table 1. Data in the other columns are the Means +/— SEM.

values, most as means +/— SEMs, one as approximate values. Because | have used four ways of obtaining the
data, | have used the range of means from the four ways (column H). As explained in the Introduction, it is not
surprising that there is a wide range of values. Nevertheless, allowing for this, there is fair agreement between
the eight reports. My values for calcium and phosphate are lower than in two other papers but this may be be-
cause these two species of ion are present in low amounts and the estimates are therefore less reliable.

It is relevant to note that the papers do not employ the same method for estimating the ionic composition. In-
deed, each paper has a different method, except that the data in columns F and G are from the same laboratory
using the same method [7] [11]. Even in such ideal circumstances there may be a difference of 30% or more (e.g.
the values for potassium).

3.3. Effect of Low Environmental Temperature on the Secretion of Nasal Fluid

It has frequently been noticed that on a cold day there is often an accumulation of nasal fluid in the nostrils. This
is usually very watery and has led to the belief that it is simply a condensation of water from the warm expired
air passing through the cold nose [1]. However, it is now believed that the cold environment dilates the blood
capillaries supplying the nasal glands and this leads to a nasal secretion above normal. | investigated this phe-
nomenon by collecting nasal fluid over a period of about one hour in a cold room or climate chamber at 4°C. On
three occasions | breathed out through the mouth, on three other occasions | breathed out through the nose. The
results of the analyses are shown in Table 4.

It is clear that the concentrations of all the substances measured are much lower when the expired air goes
through the nose. The difference is significant (Wilcoxon signed ranks test P = 0.008 for experiment A; P =
0.023 for experiment B). Thus, the nasal fluid collected when expiration is via the mouth is closer to normal,
whereas nasal fluid when expiration is via the nose is more dilute. | draw two conclusions from this experiment.
The first is a confirmation that a cold environment induces a secretion of nasal fluid. The second is that expired
air passing through the nostrils loses some of its water content as condensate, as would indeed be required by the
laws of physics, and this, added to the nasal secretion, gives a more dilute sample. The results of such an expe-
riment as this will vary according to several factors: the environmental temperature, the anatomy and physiology
of the capillaries in the nostrils, the anatomy and physiology of the nose, especially the size of the nose and the
sensitivity of the temperature receptors. However, it does not seem to matter whether inspiration is via the
mouth or via the nose.

Why is there an increased blood supply to the nose in cold weather? Apart from the increase in nasal fluid,
this will also tend to warm the inspired air and maintain a comfortable environment in the chest. The importance
of this is not clear.

3.4. Relevance of High Potassium Concentrations in the Nasal Fluid

The concentration of potassium n the nasal fluid is 7 - 10 times of that in the blood plasma [5] [7] [12] but also
varies a lot, both within an individual (this paper) and between individuals [5]. Is there any correlation between
the concentrations of sodium and potassium in the various samples of nasal fluid? In answering this question it
was important to use as broad a selection of data as possible. Figure 1 plots the distribution of sodium and po
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Figure 1. Sodium/potassium relations in nasal fluid and in plasma. The graph plots
sodium and potassium concentrations in nasal fluid obtained in the current experi-
ments (open circles; data in Table 1) and in cited papers (filled circles; data in col-
umns C, E, F, G in Table 3). The regression line is based on all the nasal fluid data;
note that this is close to the horizontal, indicating an independence of the secretions of
sodium and potassium. A single sample from the author depicts the sodium and potas-
sium in his plasma; data similar to textbook values (open rectangle). Note the radical
difference between plasma and nasal fluid.

Table 4. Effect of low environmental temperature on nasal secretion.

Insp via Mouth Insp via Nose Exp Exp

Exp via Nose Exp via Mouth Nose/Mouth Nose/Mouth

A A A B

Sodium 120.7 +10.17 (3) 189.0 +24.99 (3) 0.6 0.86
Potassium 27+351(3) 38.20 £4.47 (3) 0.71 0.73
Chloride 133.7 +12.44 (3) 205.7 £19.78 (3) 0.65 0.86
Bicarbonate 5+0(3) 11.67 £ 0.67 (3) 0.43 0.45
Urea 20.75+3.85(3) 25.57£0.328 (3) 0.81 0.55
Calcium 1.03 £0.102 (3) 1.845 +0.105 (3) 0.56 1.06
Magnesium 0.87 £0.141 (3) 1.16 £0.128 (3) 0.75 0.73
Phosphate 1+£0.17 (3) 1.313 +0.055 (3) 0.76 0.95

A. Means +/— SEM of nasal fluid components (mmol/I) obtained at ~4°C when inspiring through the Mouth and expiring through the Nose (2nd col-
umn) or inspiring through the Nose and expiring through the Mouth (3rd column). The 4th column shows the ratios of the values in the 2nd and 3rd
columns. Application of the Wilcoxon signed rank test gives a significant difference (") between the two conditions. (P = 0.008), Figures in brackets
are the number of samples. B. In the 5th column are shown the Nose/Mouth ratios from another similar experiment in which inspiration was always
through the Mouth: expiration through the Mouth 3 samples; expiration through the Nose 3 samples. Applying the Wilcoxon test showed a significant
difference () between the two conditions (P = 0.023).

tassium in the nasal fluid obtained in the current experiments (open circles) and also taken from other reports
(filled circles); complete data in Tables 1 and 3. The regression line is drawn through all the nasal fluid data in
the graph. It is clear from this that there is no correlation between the concentrations of sodium and potassium,
Thus, the factor determining the secretion of potassium is different to that regulating the secretion of sodium.

Also relevant to this conclusion is the difference between the concentrations of these ions in plasma and in
nasal fluid. This is illustrated by plotting in the graph the Na/K relation for the plasma of the author on one oc-
casion, a value close to the textbook value (open rectangle). The large difference between this and the nasal fluid
is clear and this emphasises the particular importance of the potassium in the nasal fluid.

What is the role of the potassium in the nasal fluid? This question will be taken up in the Discussion.
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4. Discussion

The results reported here are from a single person, the author. Obviously | cannot claim that they are characte-
ristic of a large population. As | explained in the Introduction there are serious difficulties in getting accurate es-
timates of the volume and composition of nasal fluid. Therefore, this paper is to a large degree an account of all
these difficulties and perhaps some advice about how to avoid serious errors. Although | have tried to avoid such
errors, | have not paid any attention to variations in environmental temperature or humidity nor to many sub-
conscious aspects of breathing such as swallowing, sniffing, clearing the throat, etc, all of which might affect the
composition of nasal fluid.

4.1. A Comparison of Nasal Fluids Obtained in Different Ways.

The results show no convincing evidence that the composition of nasal fluid collected in different ways differed
significantly. Even though one pair of methods (spont/4°C) reached a significant difference, this most probably
reflects the problems associated with the collection of nasal fluid referred to in the Introduction, in this case the
long time required to collect the secretion at 4°C with the resultant rise in evaporation. However, | think it is un-
likely that there is any dramatic difference between any pair of the secretions.

There is probably no reason why nasal fluid should vary greatly in ionic composition. On the other hand, it
would not be surprising if the organic constituents of nasal fluid might vary in concentration. | have examined
only urea. Urea is a metabolite of nitrogen-containing foodstuffs and has no physiological function; although
it is mainly excreted in the urine, its concentration in nasal fluid might depend on the amount of nitrogen in
the diet.

4.2. Effect of Low Environmental Temperature on the Secretion of Nasal Fluid

The results obtained here show clearly that the fluid collected from the nostrils in cold weather contains nasal
fluid similar to that obtained at normal temperatures. If expiration is via the nose there is a dilution of the nasal
fluid, as would be expected if warm air from the lungs passing through a cold nose condenses to water.

Is there a greater secretion of nasal fluid at low temperatures than at room temperatures? | am unable to an-
swer this question. | can collect nasal fluid at room temperatures and such samples are shown in Table 1 as
‘spontaneous’. However, | do not know what caused these secretions. | also note, as other people do, that quite
often one sneezes, and produces a lot of nasal fluid, for no obvious reason. It is generally believed that such
sneezes are caused by an irritation of the nasal mucosa but that such stimulation is not consciously detected. If
one breathes always through the nose it is probable that one’s nasal secretions pass to the nasopharynx and are
swallowed. This would tend to reduce the observed amount of nasal secretion. This factor and all the others
mentioned in the Introduction mean that there is considerable uncertainty as to whether there is a difference be-
tween the amounts or compositions of nasal fluids collected in different ways. If the cold environment causes a
dilation of blood capillaries in the nostrils, the effect on the glands may be fortuitous, not the main effect.

4.3. Relevance of Ionic Concentrations in the Nasal Fluid

It is possible that the high potassium fills a role within the nose or the upper airway but such a role has not yet
been discovered. It has been known for a long time that the concentrations of the major ions in the nasal fluid
are not arbitrary. Fleming (1922) [3] noted that the lysozyme, the antibacterial substance that he discovered in
nasal fluid (and other secretions and tissues) acted most rapidly if a small amount of salt (less than 0.1% NacCl)
was present but not if the concentration exceeded 5.0%. This combination of facilitatory and inhibitory effects
of salt concentrations has been confirmed many times [13]-[15]. It is clear that nasal fluid has appropriate ionic
concentrations to facilitate an antibacterial influence. However, it is possible that some species of ion may play a
specific role. For example, cystic fibrosis (CF) is caused by a mutation in the gene regulating chloride conduc-
tance in the apical epithelia, leading to elevated chloride concentration in the nasal fluid (182 mmol/l. vs 132
mmol/l in non-CF nasal fluid) [8]. This gene also affects the sodium channel, and the increased chloride concen-
tration, or perhaps the increased NaCl concentration act specifically to reduce or abolish the bactericidal activity
of the CF nasal fluid [8] Most of the discussion on this matter has concentrated on sodium and chloride. The rel-
ative importance of other ions does not appear to have been studied. The concentration of potassium in nasal
fluid is unusually high at about 35 mmol/l (Figure 1). This raises the question of the relevance of potassium in
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nasal fluid.

4.4. Relevance of High Potassium Concentrations in the Nasal Fluid

It is possible that the high potassium fills a role within the nose or the upper airway but such a role has not yet
been discovered. Is it possible that this is a way of excreting potassium from the body? From Harada et al. (1984)
[16] one can calculate that in each day about 36 ml of nasal fluid is secreted. Let’s assume that all of this swal-
lowed. This contains about 1.4 g of potassium (about 1.3 mmol). This is below the lowest amount found in the
faeces in cases of low potassium intake [17] and is a small amount compared with the normal excretion of po-
tassium in the urine (40 - 66 mmol/day) or faeces (4 - 16 mmol/day) [17]. Thus it is unlikely that the high con-
centration of potassium in the nasal fluid is there as a method of controlling the level of potassium in the body.
The main control obviously remains with the kidney.

Another possibility is that the potassium contributes to an antibacterial role. It is well known that the nasal
fluid has such a property [3] [4] and this must be partly due to the presence of lysozyme and the immunoglobu-
lins, but there are many other antibacterial substances in the nasal fluid [14]. In a different context, potassium is
used to reduce infection in food preparations such as processed poultry [18] [19], where the potassium is present
as a fatty acid salt. The applied solutions are strongly alkaline (pH about 12) and it is possible that the antimi-
crobial effect is partly due to the high pH. In recent years potassium diformate has been used in pigs and other
animals as a growth promoter alternative to antibiotics [20] [21]. Potassium diformate is also antibacterial but it
is not known whether this effect us due to the low pH, resulting from the free formic acid, or to formate or to the
potassium.

In recent years, foods have been coated with edible films that act partly to prevent contamination and to vary-
ing degrees are antibacterial. One substance used in these films is potassium sorbate. This seems to work best at
low pH such as 3.0 - 4.5 [22]. Again, it is uncertain what the role of the potassium is, and whether this has any
relevance to the high potassium in the nasal fluid.

It remains a possibility that potassium has a special influence as an antibacterial supplement, greater than that
of the other ions. A recent paper has data that may be relevant [23]. These authors were concerned with the oc-
currence of ventilator-associated pneumonia (VAP) and chronic lung disease in neonates resulting from airway
suctioning, assisted by preliminary instillation of normal saline. They found that replacing the normal saline
with a low-sodium solution reduced the incidence of VAP and lung disease. However the low-sodium solution
contained 24.5 mmol/l potassium, i.e. an amount similar to that found in normal nasal fluid (see Table 3). They
do not comment on the role of the potassium but its presence (and the absence of any bactericide) prompts the
question: does potassium have any antibacterial function in the low-sodium solution and, correspondingly, in
nasal fluid.

5. Conclusion

However generated, the ionic composition of nasal fluid is similar. The ionic composition is always appropriate
for its antibacterial action. Of particular interest is the relatively high concentration of potassium. One possible
role for potassium (as a method of controlling the level of potassium in the body) has been rejected. A second
role as a facilitator of antibacterial action should be tested.
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