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ingredient %

Egg white* 25.0
Corn Starch 55.7
Sucrose 5.0
Cellulose 3.0
Soybean oil 5.0
L-Methionine 0.3
Vitamin mixture 2.0
Mineral mixture** 4.0

* WK Z fBE(Zn-Def), {51 § £ BF (Low-Zn), 6 I £
(Zn-Suf), Pair-fed #HFBE (Pair-fed) THIL 72,

FRE ORI & LTINS > /82 Bl Mo 7B (Whole egg) %43 72
** Zn-def (No zinc), Low-Zn(96.0ppm zinc), Zn-Suf+Whole
egg+Pair-fed (846.0ppm zinc)

HIRLDOAEHE © Zn-def (2.2ppm), Low-Zn(4.1ppm zinc),
Zn-Suf+Pair-fed (33.7ppm zinc), Whole egg(53.4ppm)
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Plasma Zn level (ng/m/) n mean+SD
Zn-def 5 470.4+183.1 a
Low-Zn 5 639.61+141.8 a
Zn-suf 5 1747.0+ 72.4 b
Whole egg 5 1646.1+216.2 b
Pair-fed 1 1419.0% 35.9 b

ab: Values with different superscripts are significantly differ-
ent(p<0.05)
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KPS S (ug/g) n mean+SD
Zn-def 4 60.8= 6.9 a
Low-Zn 5 100.2+14.6 b
Znsuf 5 345.1£36.3 c
Whole egg 5 332.9+31.0 c
Pair-fed 5 332.5+19.6 c

ab: Values with different superscripts are significantly differ-
ent(p<0.05)
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Preference Rate (%)

Experimental Period (day)
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Preference rate for 154mM Nacl solution against water
by two-bottle preference test in experimental groups; Zn-

Def(@, nV:S). Low-Zn(A, n=5), Zn-Suf(CJ), n=5) and

Pair-fed (O, n=>5) (Mean Values).
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Quinine-HCI solution (10°M) preference rate against
distilled water measured by two-bottle preference test for
n experimental groups; Zn-Def (@, ), Low-Zn
), Zn-Suf ([, n=5) and Pair-fed =5) (Mean

Values).
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Chorda tympani nerve responses to various concentrations
of NaCl solution. Values are means+SE Differences among
Zn-Def(@, n=12), Low-Zn(A, n=9), Zn-Suf(_], n=11) and

(O, n=10) groups were analyzed by one-way ANOVA
s multiple comparison test. Values with different
letters show significant difference. a, b=p<0.05 at 50mM,
a, c=p<0.005 at 100, 150 and 200mM,
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R4 PEURO PRI B =T O RGNS
(2.5M NHACI=100 & L 7z & & Offtil)
integrated CO, response(2.5MNH,CI=100)

Group Rat(n) Bundle number Mean+SD

Zn-def 8 29 38.2£21.7 a
Low-Zn (5) 1 86.4+28.3 b
Zn-suf () 20 85.9£31.6 b
Pair-fed (7) 24 103.7£40.5 b

ab: Values with different superscripts are significantly differ
ent(p<0.05)

&, B1S»ICRBKICH T ZIED > T3
ZENbhotz, HIBRIEOREKICNT 5 B
JE% (2.5MNH,CLIZH T 5 6% %1001 L T#
L) %, RAWCEEDTHI, ZOME, B
RZBTRMBOREL D LIEESFHL KL, fho
%< OBOIZIF NV OMIT R > TV B 2 Ebibin
ot Fe, EKHSATETIX, ZOINEOHHE LK
TRRDsNAENoT,

DU EOBEERARE & = AT R O Wi/ O S
R, KEKOEREBE THMRZRRETE
DRFAKEIKATEDW, REAROZEREIMETL
fezrick s bo ks e,

L
Tt

(2BED7 v b &b LRDBRUKORH, FBIEEHORE.

3. ERRZIZy FOBFLEEBSSUETR
DIREABKBE TR

HEAREHR T d B IREIUKEE#® (Carbonic  An-
hydrase, LARECA &B%) &, UTORIERD X
iz, WEEA ADKKE 12 3 REAKH (Nl ER
B) A 4 > OlikEililtT 2B% T, EWEKICIE
ML, pH#ERA LIC#H 5L Tw 5,

AL CA
CO,+H,0 @ [H,COs] (2 H*+HCO;")
fiti CA FEREHI BN

FIFEN T, WRAITBE I FELE L TR A
boTwdEENTVD, F/, WERWHHTC
LARESELTWwEDOT, CADKIEICKIZT
WHEIREWbDEHZH6ND, 4, HEHRZ
7 v M TIRBRDIEEHETL T2 01, Hish
BEH T B IRFEIUKRER DFEHEDE S > T B
ZrkzborTFllsniid, UTFOFEE%E
fIoto

31 f %

¥, Walg F2emBEORS), B
ZRAER AN TRARARE ST, T3



HEEPEIESAA Z I O £efT I 2 & O R IREI 25 < B 5 2 W% 123

T—85°C P TIRTEL 7o RO M 13,
SR EERAT VL AMBZ A AZATHL
FOHIDIY, ThefEoTalkie L, BRI
DO¥EE, oMz s 2L 28EY 22—
B L 72, 95 b ) A« SRR

(pH7.20) #MZTHEY = 52— %D D,
I EKETIELL (1,000g, 15min), i
E LB O WIS % BERTETE R & UM E TS I
SEFORE L LTz,

IR K EESR O TGO PIE 13, Maren O f#hE
SERLEED Bruns & Gros 51 & 2HEIC LT
ot TRbb, BEREN (EU) i,

EU=(t-t)/t (to © 77 > 7 DRKIEKH,
tAREY xR — b OKRICKHH)
ELTHEED fE> TR LI,

32 fEREHE

REY x4 — b OWBAOERE, fEkETH
bR TR A S b Y A« R0 %

(pH7.20) ZEHELzZ Ltk b, HHMEDD
BT = HHONDE & ICHBETEL (BT
5, 19974E), B7 LE 81, SIBEFOFRK
kD B u XS IR O RREIEAREER O WO WIE

1L .
.

Carbonic Anhydrase Activity
(Enzyme Units / mg protein)

Zn-Def Low-Zn Zn-Suf Pair-fed

BT R HHIRO BRI REAE:

Carbonic anhydrase activity in the tongue epithelium of
experimental rats (Horizontal bar shows mean value).
Differences among Zn-Def(n=10), Low-Zn(n=9), Zn-Suf
(n=8) and Pair-fed(n=10) groups were analyzed by one-
way ANOVA with Tukey’s multiple comparison test.**;
p<0.05, **; p<0.001,
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Zn-Def Low-Zn Zn-Suf Pair-fed

B8 TR BB S
Carbonic anhydrase activity in the submandibular gland
of experimental rats (Horizontal bar shows mean value).
Differences among Zn-Def(n=10), Low-Zn(n=5), Zn-Suf
(n=8) and Pair-fed(n=8) groups were analyzed by one-
way ANOVA with Tukey’s multiple comparison test.**;
p<0.05, **; p<0.001,
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Behavioral and physiological study on the taste abnormality
in marginal zinc-deficient rats

Michio Komai, Tomoko Goto, Hitoshi Suzuki* and Yuji Furukawa
(Laboratory of Nutrition, Faculty of Agriculture, Tohoku University,

and Ishinomaki-Senshu University*)

It is well known that zinc deficiency causes abnormalities in general taste sensation.
A recent clinical investigation revealed that taste abnormalities caused by marginal
zinc-deficiency has gradually been increasing in Japan. To clarify the mechanisms under-
lying any taste insensitivity in marginal zinc-deficiency, we studied the NaCl and quinine-
HCI preference rate, and the chorda tympani nerve responses to these tastants in rats.
Furthermore, carbonic anhydrase (CA) is one of the zinc-enzymes, and we have previously
shown that this enzyme plays an important role for the induction of irritation sensation
(CO, in water) via lingual trigeminal nerve, and possibly of CO,, bitter (Quinine+HCl), and
umami (L -Glutamic acid) taste sensation via chorda tympani nerve. We therefore inves-
tigated the effect of marginal zinc-deficiency on the CA activity in the tongue epithelium
and submandibular glands of the rat.

Twenty male SD rats, 4 weeks old, were devided into four groups (Zn-Def, Low-Zn,
Zn-Suf, and Pair-fed). Each group was housed in a cage with two bottles: the taste solution
(154mM of NaCl or 10~* M quinine-HCl) and distilled water, to each of which they had
free access. After taking part in the preference tests for 6 weeks or more, the rats were
used for the recording of chorda tympani nerve responses. The whole-nerve integrated
response was assessed by calculating the ratio: peak height/background noise height.
After taking part in second preference tests for 42 days, the rats were sacrificed and the
tongue and submandibular gland excised. These were homogenized with Tris-HCl buffer
(pH 7.20) and centrifuged (1,000g for 15min). The CA activity in the supernatant was
measured by modified Maren’s micromethod.

Interestingly, in both Zn-Def and Low-Zn rats, an increase in preference was observed
for NaCl on day 4-5 of the test. In Zn-Def rats an increase was also observed for
quinine-HCI on day 8, but the Low-Zn rats rather avoided it than the control rats. The
chorda tympani nerve responses to NaCl and L-glutamic acid in the Zn-Def and Low-Zn
groups, and to KCl and quinine*HCI in Zn-Def group were significantly lower than the
responses to the control group. The CA activity of the tongue epithelium and the subman-
dibular gland was significantly lower in Zn-Def and Low-Zn rats than in Zn-Suf and

Pair-fed rats. These results indicate that CA activity, considered to be an indispensable
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factor for the maintenace of normal taste sensation, is affected by the dietary zinc

content.



