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ABSTRACT

Salivary Carbonic Anhydrase VI (CAB) is a zinc-degent metalloenzyme which may be important for
normal taste function. Though many taste assessmetiiods exist, the assessment of zinc sulfate tast
acuity is a method that has been suggested todiaeese relationships to human health. A doubledwsd
pilot study was conducted among 21 individuals talgze the relationships between salivary CA6
concentrations, zinc sulfate taste acuity and reglérted frequency of illness. ELISA was perfornied
quantify CA6 concentrations, the Bryce-Smith anth@@on “Zinc Taste Test” (BS-ZTT) protocol and a
Taste Intensity Visual Analog Scale (TI-VAS) werdized to assess zinc sulfate taste acuity andadttn
history questionnaire was used to determine thguerecy of illness. A statistically significant celation
existed between CA6 concentration and zinc sutkte acuity determined via the BS-ZTT £ 0.62;p =
0.03). A moderate statistically significant negatisorrelation was found between self-reported feagy

of illness and BS-ZTT scoress(= -0.64,p = 0.034). Likewise, a strong statistically sigcéfht negative
correlation was found between self-reported frequerd iliness and TI-VAS scoresg(= -0.81,p = 0.003).
The results of this pilot study suggest that ziotfase taste acuity may be reflective of salivarpeC
concentration in addition to being a retrospeciiicator of iliness frequency.
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1. INTRODUCTION has been documented as an important factor inpbtal
balance, normal taste bud development and tasiéyacu
1.1. Carbonic Anhydrase VI (Kiveld et al., 1999; Leinonemrt al., 1999; Henkiret al.,

1999a; 1999b). Research performed among individuals
Salivary Carbonic Anhydrase VI (CA6) is a zinc- with low CA6 levels, aberrant taste bud morpholagg
dependent metalloenzyme first purified from human impaired taste function has demonstrated that, @imn
saliva in 1987 (Murakami and Sly, 1987). However, i supplementation, CA6 levels increase and, latesteta
was determined that CA6 was identical to gustin, abud morphology normalizes and taste function impsov
previously identified salivary protein (Thatcher al., (Henkinet al., 1999a).

1998). CAG6 is released from acinar cells of theopdr . .
submandibular and von Ebner's glands (Kivetdal.,  1-2- Zinc Sulfate Taste Acuity Assessment

1999). Carbonic anhydrase enzymes, in generaltiamc While many methods of taste assessment exist, one
in the reversible reactionHHCO; —H,0+CQ; and are  method, the “Zinc Taste Test’ (ZTT), has been
involved in a number of physiological mechanisms hypothesized to be reflective of bioavailable Ziewels.
including pH balance (Sly and Hu, 1995). Saliva’6C A ZTT employs a solution of zinc sulfate in disitl
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water. Taste acuity, as measured by ZTTs, has beeR.2. Saliva Collection

correlated with serum zinc levels throughout premya . . )
(Garg et al., 1993), as well as zinc levels in sweat AS per the original Bryce-Smith and Simpson

(Eatonet al., 2004). The first reported use of a ZTT was (1984b), volunteers were instructed not to eamlidri

a case study documenting correlations between tastélse tobacco products, or brush their teeth withind?
acuity and the weight and demeanor of a female withparticipation. Because CA6 secretion has been
anorexia (Bryce-Smith and Simpson, 1984a; 1984b).demonstrated to follow a circadian rhythm (Parkeilal .,
Later, a 1993 article reported a significant diélece 1995), all samples were collected from participants
between pregnant “non-tasters” and “tasters” with simultaneously. Each volunteer was directed to t®na
regard to incidence of having previously given lbitd 10 mL of whole saliva (unstimulated) into a sterile

a growth retarded infant (Mahometl al., 1993). The  mL conical tube for analysis.

authors of the 1993 study also reported taste yaaiit . .

the zinc sulfate solution to be predictive of the 2.3. Carbonic AnhydraseVI Quantification
development of diastolic hypertension during Salivary samples were assayed for CA6

prﬁg?artlcyt (Mah_?medat ﬁl" 19?33.' T?](_erefor_(:y,erzﬁinc concentrations. Concentrations of CA6 in each aajfiv
sulfate taste acuity may have relationsnips wi e sample were quantified in duplicate via sandwiched

aspects _Of health. Many ZTT protocols have beenELISA. Collection protocol and assay were followed
reported; however, no consistent protocol has been

. according to the protocol outlined from an ELISA ki
adopted among studies (Gruner and Arthur, 2012). (USCN I?ife Scien?:e Inc. ELISA kit). Microtiter ples

1.3. Purpose of the Study coated with monoclonal antibodies specific to human
) } CA6 were stored at -2Q. Salivary samples were
Because salivary CA6 is structurally dependent UpONcentrifuged at 1000xg for 20 min. Supernatant fiwias

zinc and both CA6 levels and zinc have been tigdgte removed and stored at 8D Freeze/thaw Cyc|es were
function, the study was designed to explore refafiips  avoided. Prior to testing, samples were broughotom
between salivary CA6 concentration and zinc sulfatetemperature in an ice bath.

taste acuity. A 0.1% zinc sulfate solution was used . . .

conjunction with a Taste Intensity Visual Analogaf&c 2.4. Health History Questionnaire

(TI-VAS) to assess taste acuity due to the Each participant filed out a Health History
aforementioned reports linking the zinc sulfatetedas Questionnaire (HHQ). Frequency of illness data was
acuity to plasma and sweat zinc levels. Becausdque gathered from each participant’s self-reported oasp
studies noted findings not exclusive to taste gcuite to a question asking, over the past three yeamjtdtow
study was also designed to examine general immuneften, per year, the participant was sick.

function, a capacity dependent upon adequate eireld . ; .
(Knoell and Liu, 2010: Prasad, 2008, 2009) by 2> Bryce-Smithand Smpson Zinc Taste Test

retrospectively measuring frequency of iliness. The study was conducted in a double-blind fashion.
The taste perception of the control gromp=( 10) was
2. MATERIALSAND METHODS tested with 10 mL of distilled water rather thanrhD of
0.1% zinc sulfate solution administered to the
2.1. Sampling experimental groupn(= 11). Each subject was instructed

) to drink, but not swallow, the 10 mL of test soduiti The
The experimental protocol was approved by the Westgiacp's reaction to the solution was ranked bg th

Liberty University Human Subjects Committee. Studen ocearcher according to the BS-ZTT protocol. The
volunteers i§ = 21) were briefed on their role in the gypject was scored on a scale ranging from 1 . 4.
study. Informed consent was obtained from eachgcore of “1” was given to individuals in which “no
individual prior to experimentation. A total of 21 gpecific taste or other sensation [was] noticeeneafter
individuals (10 females and 11 males) aged 18-28sye the solution has been kept in the mouth for abdut 1
old (18-29 female age range; 20.9+3.1 mean + SEB718 sec;” “2” when “no immediate taste [was] noted, but
male age range; 20.8+2.4 mean + SD) participatetldn  after a few seconds a slight taste variously deedrias

study. The control group consisted of five maled fwe ‘dry,” ‘mineral,” ‘furry,” or (more rarely) ‘sweet’
females and the experimental group consisted of sixdeveloped];” “3" when “a definite though not stigig
males and five females, respectively. unpleasant taste [was] noted almost immediately and
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[tended] to intensify with time;” and “4” when “dreng
and unpleasant taste [was] noted immediately.” All
individuals were graded by the same researcher.

2.6. Taste Intensity Visual Analog Scale

After the subject was ranked according to the BS-ZT
the individual was asked to complete a Taste litiens
Visual Analog Scale (TI-VAS). Each subject was

and experimental groups were compared via a Mann-
Whitney U test which noted a significant difference
between BS-ZTT score®J€ 23.0;Z = -2.55;p = 0.011)
between the two groups. Likewise, a significant
difference was noted between groups with regatdste
acuity as measured by TI-VAS scoré$ £ 25.5;Z = -
2.09; p = 0.037]Table 2). Subjective descriptions of the
zinc sulfate solution are outlined Trable 3.

instructed to mark a perpendicular line through a32 Zinc Sulfate Taste Acuity and Carbonic

continuous line measuring 100 mm to rate the iityeas
which they perceived the test substance. At thesidé of
scale “No taste” was written and on the right, ‘fE€rtely
intense taste.” The intensity was later measureah fthe
left anchor bar to the nearest whole millimeter.eTh
measurement was recorded as the TI-VAS score.

2.7. Statistical Analysis

The statistical software, Statistical Package far t

Anhydrase VI

Salivary CA6 concentrations ranged from 1.7-15.1 ug
mL™* (n = 21; 9.1+4.9 ug mL’, mean + SD) among the
total population. Concentrations of CA6 in the
experimental group averaged 9.2+4.9 ug huwith a
range of 2.8-15.1 ug mt (Table 1). Among those
individuals who were tested with distilled water, a
Spearman’s rank-order correlation test noted no

Social Sciences (IBM SSPS Statistics 20) was usedsignificant correlation between CA6 concentratiord a

for statistical analysis and graphical represeotei
depicted herein.

3.RESULTS
3.1. Zinc Sulfate Taste Acuity

Taste acuity data from the control group (n = 10)

averaged 1.4+0.5 (mean + SD) as gauged by the BS-ZT

and 7.3t6.4 as gauged by the TI-VAS. Taste acuitynf
the experimental group (n
rated by the BS-ZTT and 29+29.4 as gauged by the TI
VAS (Table 1). Zinc sulfate taste acuity of the control
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BS-ZTT scoresrg = -0.21; p = 0.55, n = 10) nor was
there a significant correlation between CA6
concentrations and TI-VAS scoreg£€ 0.12; p=0.74, n
= 10). However, among those individuals tested with
0.1% zinc sulfate solution, a statistically sigesfint
positive correlationrg = 0.62;p = 0.03, n = 11) was
found between CA6 concentrations and BS-ZTT scores
(Fig. 1A). Among those individuals administered the
0.1% zinc sulfate solution, a positive correlation,
owever not statistically significantwas calculated
etween the average CA6 concentrations and TI-VAS
scoresi(s= 0.56,p = 0.07, n = 11jFig. 1B).
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Fig. 1. Among 11 individuals tested with a 0.1% zinc s@fgolution, (A) salivary carbonic anhydrase VI (GA®ncentration
significantly correlated with zinc sulfate tastaidg as measured by the BS-ZTiB € 0.62;p = 0.03) and, likewise, (B) zinc
sulfate taste acuity measured by the TI-VAS wagetated to CA6 concentrations, however the cor@fativas not

statistically significantrs = 0.56,p = 0.07)
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Table 1. Descriptive statistics of carbonic anhydrase Vlanirations, zinc taste test, taste intensity vianalog scale and
frequency of illness data among the total popufatgmntrol and experimental groups and among sexes.

Parameter Population Min Max Mean +SD
Carbonic anhydrase VI concentration (ug/ml)
Total population (n = 21) 1.0 10.0 2.5 2.0
Females (n = 10) 2.8 14.7 10.0 4.6
Males (n = 11) 1.0 4.0 2.0 1.1
Control Group (n = 10) 1.7 14.8 9.0 5.1
Females (n = 5) 3.4 14.7 10.9 4.3
Males (n = 5) 1.7 14.8 7.2 5.5
Experimental Group (n = 11) 2.8 15.1 9.2 4.9
Females (n = 5) 2.8 13.9 9.1 5.2
Males (n = 6) 3.6 15.1 9.3 5.2
Bryce Smith and Simpson zinc taste test*
Total population (n = 21) 1.0 4.0 1.9 0.9
Females (n = 10) 1.0 4.0 1.9 0.9
Males (n = 11) 1.0 4.0 1.8 0.9
Control Group (n = 10) 1.0 2.0 1.4 0.5
Females (n = 5) 1.0 2.0 1.4 0.5
Males (n = 5) 1.0 2.0 1.4 0.5
Experimental group (n = 11) 1.0 4.0 1.3 0.9
Females (n = 5) 2.0 4.0 2.4 0.9
Males (n = 6) 1.0 4.0 2.2 1.0
Taste intensity visual analog scale
Total population (n = 21) 0.0 96.0 18.7 24.0
Females (n = 10) 0.0 64.0 20.2 20.0
Males (n = 11) 0.0 96.0 17.3 30.0
Control Group (n = 10) 0.0 18.0 7.3 6.4
Females (n = 5) 0.0 18.0 9.8 6.6
Males (n = 5) 0.0 14.0 4.8 5.7
Experimental group (n = 11) 0.0 96.0 29.0 29.4
Females (n = 5) 2.0 64.0 30.6 24.2
Males (n = 6) 0.0 96.0 27.7 35.4
Frequency of illnesst Total Population (n = 21) 1.0 10.0 2.5 2.0
Females (n = 10) 1.0 10.0 3.1 2.7
Males (n = 11) 1.0 4.0 2.0 1.1
Control Group (n = 10) 1.0 10.0 3.1 2.7
Females (n = 5) 2.0 10.0 4.4 3.4
Males (n = 5) 1.0 3.0 1.8 0.8
Experimental Group (n = 11) 1.0 4.0 1.9 1.1
Females (n = 5) 1.0 3.0 1.7 0.8
Males (n = 6) 1.0 4.0 2.1 1.3

*interpreted via the Bryce-Smith and Simpson (1984Hpata represents the self-reported number efsfias per year

Table2. Differences in control and experimental groupshwégard to carbonic anhydrase VI concentratioins, taste acuity and

frequency of iliness

Mean = SEM
Parameter Control (n = 10) Experimental (n=11) U W Z p
Carbonic anhydrase VI (ug/ml) 9.04+1.60 9.23+1.49 .049 104.0 -.423 0.673
BS-ZTT 1.40+0.16 2.27+0.27 23.0 78.0 -2.560 01011
TI-VAS 7.30+£2.02 29.0+8.87 255 80.5 -2.090 0.937
Frequency of lliness (per year) 3.10+0.85 1.9040.32 39.0 105.0 -1.160 0.246
*denotes statistical significance (p<0.05)
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Table 3. Perception of either 10 mL of distilled water ot% zinc sulfate solution with zinc taste acuity s\@@ments and salivary
carbonic anhydrase VI concentrations

Group* Sex BS-ZTT TI-VAS [CA6] (ug/ml) Subjective deiption
Control Male 1 0 14.84 N/A
Male 1 5 10.74 “No taste”
Male 2 14 1.69 “Mouth dry, not much taste, tastety”
Male 1 0 5.33 N/A
Male 2 5 3.27 “My mouth is kind of dry”
Female 2 8 12.00 “Mildly bitter”
Female 1 11 11.96 “Tasted like water”
Female 2 18 14.69 “Foggy water”
Female 1 12 12.48 “Like distilled water”
Female 1 0 3.43 N/A
Experimental Male 2 15 14.27 “Dry taste”
Male 2 35 12.58 “Sour taste”
Male 4 96 15.13 “Extremely sour and bitter. Sligtetallic taste”
Male 2 8 4.67 “Salty”
Male 1 0 3.60 N/A
Male 2 12 5.67 “Numbness, sour”
Female 4 64 13.54 “Metally and dry”
Female 2 34 13.93 “Really no taste, but can telhiot water”
Female 2 2 10.90 “Not really much different thhe taste of water.
Mouth just feels dry after, rather than wet.”
Female 2 13 281 “Slight taste”
Female 2 40 4.48 “Dry, chalky”

*The control group received a test solution of 10 distilled water. The experimental group receieetést solution of 10 mL 0.1%
zinc sulfate solution

3.3. Zinc Sulfate Taste Acuity and Frequency

of lllness
1007 4 There was a strong statistically significant
correlation between BS-ZTT and TI-VAS data in the
801 experimental groupr{=0.78,p = 0.004, n = 11). Also,

among those tested with the 0.1% zinc sulfate smiut
a moderate statistically significant correlation swa
40 o) found between the frequency of illness and BS-ZTT
scores s = -0.64,p = 0.034, n = 11). Likewise, a
(o) strong statistically significant correlation wasufal
between frequency of illness and TI-VAS scomes=(-
0.81,p = 0.003, n = 11fFig. 2).

4. DISCUSSION
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44

Frequency of

iiiniess (per year) Our findings suggest that measurements of zinc

sulfate taste acuity may reflect salivary CA6 lsvé&l A6,

Fig. 2. Zinc sulfate taste acuity, as measured by botrBte  itself, has broad importance with regard to oradlte
ZTT and TI-VAS, is correlated with self-reported and therefore, health in general. CA6 modifies qidl
frequency of illness (participant's self-reported and has been shown to be a factor in the etioldgy o
response to a question asking, over the past jle@s,  gental caries (Kivela@t al., 1999; Leinonermt al., 1999;
about how often, per year, the participant was)sick 15 & a1 2011). Decayed missing and filled teeth data

Among the 11 individuals tested with a 0.1% zinc - . L O )
sulfate solution, the BS-ZTT was moderately coreslat  SU99€St CA6 to be cariostatic (Kivedeal., 1999), likely

with frequency of illnessr( = -0.64,p = 0.034) and the DY maintaining its enzymatic activity as part ofeth
TI-VAS was strongly correlated with the frequendy o enamel pellicle (Leinonenet al., 1999). A study
illness ¢s=-0.81,p = 0.003) conducted in preschool children noted that vanatd

////4 Science Publications 111 Al



Matthew J. Zdilla and Leah D. Starkey / Americanrdal of Immunology 10 (2): 107-113, 2014

salivary CA6 activity was negatively correlated hvit sulfate taste acuity may also be a retrospectigicator
caries (Frassetoet al., 2012). Conversely, other of illness frequency. Future research should furthe
research has noted that CA6 may have a cariogeniexplore the relationship between zinc sulfate taste

role by favoring colonization o%. mutans (Culp et al., acuity, salivary CA6 and iliness.

2011). Because our findings demonstrate a corpglati

between CAG6 concentrations and zinc sulfate taste 6. ACKNOWLEDGEMENT
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