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A zinc deficiency induces a severe immunodeficiency and alopecia. The mechanism of zinc
deficiency-induced immunodeficiency was examined by analyzing, the thymus atrophy and the changes in
the membrane surface antigens of T cells of zinc-deficient SPF Wistar-derived rats. Zinc deficiency in-
duced severe and reversible thymus atrophy. The zinc-deficient thymocytes revealed significant increases
in the percentage of CD4 antigen cells (rat T helper cells and macrophages) , CD8 antigen cells (rat T
suppressor/cytotoxic cells) and CD4 & CD8 double-negative cells, and decreases in the percentage of
CD4 & CD8 double-positive cells (undifferentiated cells) and Thy 1, 1 antigen cells (total T cells). In
addition, significant decreases in the percentage of The 1, 1 antigen cells, slight decreases in the percen-
tege of @/ (T cell receptor) antigen cells and CD2 antigen cells (E rosette forming cells), and a signi-
ficant increase in the percentage of CD4 & CD8 double-positive cells were observed in the peripharal T
cells of the zinc-deficient rats. Furthermore, thymulin activity decreased significantly in the serum of
zinc-dificient rats. These findings indicate that the immunodeficiency induced by zinc deficiency is man-
ifested as T cell dysfunction which is caused by not oﬁly quantitative changes in the T cells such as thy-

mus atrophy, but also qualitative changes in the T cells such as changes of their membrane surface anti-
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gens, that is, impairment of the process of differentiation and maturation of T cells in the thymus. The
mechanism of zinc deficiency-induced alopecia was examined by analyzing the movement of trace ele-
ments in the hair and fatty acids in the skin of zinc-deficient SPF Wistar-derived rats. Zinc deficiency
induced severe and reversible alopecia. With the progress of falling-out of the hair (or with the decrease
in the concentration of zinc in the hair), a marked tendency for accumulation of manganese and calcium -
into the hair was seen, and a decrease in the concentration of linoleic acid and a increase in the concen-
tration of palmitic acid in the skin were seen. The relations of manganese and unsaturated fatty acids

such as linoleic acids to alopecia are now under investigation.
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R MAGENT 72 EOMPBIEIC A SN D EFEMED b D% EOFAREERZIER EBH DH, o DEERE
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1. YRR

SPF BYM)EER IR IZ BT, SPF Wistar RAFE T » b (384, MM, 40gRi#%) 12 Table 1 1R
& AN NAE (Zn &8 C0.05mg %, 4T ZIUVEEREKK) b L < REESMAINERE (3 b
0= VEEL, ZnCOs 81N, Zn &8 :5.8mg %, [A*) B L OMEHMA (Zn &8 :0.1ppb BUF, EE)
5.2, 4A~6HAMMAE Lz, B, EEERTREZOHISIZ6EBZ v bu— VEETHE L.
FERMG®R2, 4, 6, 8, 10EHBICHEEDT » b L VMK ZIREORIR, KL% S OIEE 2RI
L7
2. HRaREHEOFR

KEITNV—=TDFy NOMBRE AT Y L AR v T2 (200m#) ETHEANY I THA )R AL
A35 PBS (S CHORRAMINGE & sV i L, ©E20ml OMIR R0 % fE 5, —BE800rpm (#7300g), 5 45
TR, FFEE20ml PBS | CHEND % 17305 &, BARMIIC 5 x107 cells/ml OMIBBIRE R 2 /EH T 5. =
DFHRZ 10041 IZEZNZEFNDE ) 70— FIVPARER (100 #g/ml) 10#1 F B (B@) 12, &
HVIETE (CTERG) ISBML, KPR T05BBEITIRE S 5. D%, PBS 2ml #H1 2 T1500rpm
THEGBELL, H2MEL Yy MI1 %55 RFVAT VR K (HIRaEER) &% PBS 0.5ml %
2O ER AR T 5. Z ORER M08 BEN 582 E  (Fluorescence Activated Cell Sorter
: FACS can, Becton Dickinson #:#) (2@t L, Hi21000018 % F > CHIE T 5, F 7z, KA > /38K
DAL, IR O%E L FRICEmI0 4L ICFRERE ) 70— F VK10 21 2 Hb 5\ id 2
BEIZINAZ, KFCT05HBEHTBE L%, S5ICEMK 2m 2M2 CIO5BERICTHRET 5,
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1500rpm, 5 ZrRE0 L7288, B7-~_L v M % —F, PBS 2ml CL < ¥ L, FE1500rpm, 5 5-MHiE
LY B, TTIBRLy MZ1%/8TKRVATIVFE &4 PBS 0.5ml 200 Z, HIGIRHER % /5
T 5. UBOMEREIWREMIEOEE LK TH 2. B2 8ERE ) 70— F bk, &C
serotec LD H DT, PLCD 2 (E rosette forming T cells) Pk - (FITC = 3 MRC OX-34), T CD4
(Rat T helper cells and macrophages) #T 4K+ (Phycoerythrin 2 #& W 3/25), ¥.CD 8 (Rat T
suppressor/cytotoxic cells) ¥ifk - (FITC #Z=3# MRC 0X-8), ¥t a /B (T cell receptor) ¥ifk -+ (FITC 4=
W R73), BIUHLThyl, 1 (T cells) bifk - (FITC #Eik MRC OX-7) THh b,
3. My A4 LY 2 EEORE

SPF Wistar &P 7 » b (8 Eih, HEME, 200g BifR) 12V A/ XY FIEPBS®1 1 1 DHEET
BAE L7235 00.28ml (0.14m1/100g body weight) % B FiEST L, MEESEIV /-8, BOR %5 |Hd 3
bo FHitk, 2EMULEFAFLAWRMEES » L b, B2 ) - v XU FNCERGICRIL, X
TYVARA T a (200mA) ETHALEIDRAZLHS, 7 %FBS (56C 3045 M IN&LLE L CAEL
L72) &4 RPMI1640 K538 & F VIR % dEV R L, @ &020ml OMI R % E 8+ 5, Th
#800rpm, 54T, 7 % FBS &4 RPMI % VT, 10° cells/ml Ol 8 i3 i 10ml 12 4L
T 5. ZHIZHEMEE % L7 Lysing solution 20ml Nz C 5 M EEME T A, 1500rpm, 5 5[
L L7218, 872~V y b% 7 % FBS &4 RPMI 10ml T& < #%#& L, 1500rpm, 55ME LT D, 2D
BefE% 2 EATV, 28 10ml ORMRFER AR T 2, SheF A0 T 7455 T 21200, B
SN HTER T MBI % 2.5X10° cells/ml \ZFRBL L, WEFRERE120.5ml $£ 0, RERIMIEO.5ml %
Mz, $hbbiliEiRE%E LT, 3TCHCO, A ¥ FaX=% -T2/ v Fa = T 5,
2 B¥R 7%, 800rpm, 5 4-MICELHE, MIBEXL v M PBS 2ml %12 CHIME % FilE 8¢5, Z ORfE
% 2 [T o 72%, PBS CHIFBMZMEN100#1 2L, ZIITHBERT /) 7 0 — F VPR (100 #
g/ml) 1041 &R L, JKHZCT205 ML LT BIE $ %, BEH, PBS 2ml 12 T1500rpm T 5 53
BEL L, MR L v MZ1 %89 VATV FEA PBS 0.5ml % 02 CHll SR #E+ 5,
INEFA Oy T4V TR L 2%, HIFLEBET S EERE (FACS can) It L, #iB21000018 %
B CHIET 2o 728, RERCHZ BT / 2 0 —F VHAIEH Thyl, 1 (Total T cells) 5
& (FITC #E3%, MRC OX-7, serotec ) THh 5,
4. BESBEOBRE

FREL U 72/&=E 1% IAEA (International Atomic Energy Agency) HERODERFETH L 7+ b v —iBHl
K (3E) =7 b rONEICE25m, &105H—) > 7Y o —J — CHREBEE L2k, B2 L T30
~80mg * & L, MHERUESREAR ) T LV EICAN, KT —F—THAL, BEREL LA, %
B0 MBS AT LT, BEERBESICL - TRY 25 L o B0HE U CREMTRNIL A B
RENDBIENL, HBTHERMEREAR) 5L Uy EIZTHERICHA L,
5. BEPHETROMSESI T

B b ONCAEHESUR A BRAT T VI H AL, BOEORFE R TOE E R O F Kk E
(KUR-Pn-1) ZHWTHRE S T2V E2FLGEICHED, 158725 6055, BddrE: 2 X
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10%em ™2 - sec”! DFM T CHRE E4T - 720 BIGEIE, B 7V ERBE LGB EMO ML, Z
NENEFF LR IF LV EBIGEOBL CHAL, EEFaERs0 T, P - BEGEEIIHE T
1D2F2H y FIERNVT—IZ AN, BFMAE Ge F-BAB 28 % 2655 L /2 iR 442 (Pulse height
analyser, PHA) #FWVWT Y% ARy bux M) —ICXBETEFTNET R o7/ B, KEBIE
VB RGO BRTRE R, dHIRER, RS M R L A METRIILTOLBY) TH b,
IHEMGEME ; 1M, 2~ 520/&%H, 20080511 : CL, Br, I, Mg, Ca, S, V, Al, Mn, Cu
FAF AR 5 604 FIRRST, 36IFRIE AN, 30085FHH  Na, K, As, Au
FHaGHE ; 607 RIESS, 60H B, 10000851  Se, Sb, Cr, Zn, Hg, Ag, Fe, Co
6. BREREORTRE

BRI 72 B3 Z OREI BT AMEeHENE - THER - 7o, @A TL (P L7,

Table 1. Composition of zinc-deficient diet
1. Diet composition

Zinc-supplement diet Zinc-deficient diet
Ingredient Amount (g/100g)
Egg white powder 20 20
Dextrin 63.7 63.7
Corn oil 10 10
Cellulose powder 2 2
Mineral mix 3.13 3.13
Vitamin mix 1.17 1.17
ZnCOs3 0.0058 0
Total 100.0058 100.00
2. Mineral mix composition in 3. Vitamin mix composition in 100g diet
100g diet i
Ingredient Amount
Ingredient Amount VitaminA 1000 1U
NaCl 0.56¢g VitaminDs 125 10
KzHPO4 1.07¢ VitaminE 11 mg
MgSO,4 0.17g VitaminK3 0.03mg
CaPHO,4 0.25¢g VitaminB; 1.00mg
CaCOs 1.00g VitaminBgy 0.60mg
Fe-Citrate (Fe 17%) 0.09g VitaminBg 0.40mg
KI 2.66mg VitaminBiz 2.001g
MnSQy4 + 4~5H,0 0.88mg Biotin 0.40mg
CuSO4 * 5H20 1.00mg Folic acid 0.05mg
CoClz * 6H20 0.19mg Pantothenate calcium 1.60mg
Nicotinic acid 2.50mg
Choline chloride 150 mg
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EEiElgaKlm Erz0akba—x% /- (2 1) 3mlOBEEERPIIMZ, vEIFHAXL,
BAME, ZUOUKRVAREE N, TATHEL, BEELIUE L7z, B2EEIZ0.5N F M) Y AXFT— b
1ml TAF ML, N5 CHit L, %, GCHkIZL IR 54T L7z

7. HRAIAT T 57 1 — L& BIEHERAIE D &ME

715 2 & Unisole 3000 (Uniport C, 80-100 mesh), 3m x 3mm L D., & | & F &, 245C ; FID R ilidR,
260°C ; BBHEALE, 260C, ¥+ ') 7 H A Nz 90ml/min. Sensitivity : 100, Range . 0.8V.

BRESUVICER

1. BRXZICL 3 THRBERERREOZL

WIARZ I RBERL R BRT LY, ZORERLIE THRBEOEENSETH ), MiatkhEikit
DEKTAHEECTH L, BFH L, TORRITBEFRIERTH 2MWROE, 3 %bbEMI SR
Ja. (T #a) Ok, EEIC B OSME - REOREIZH S L) IZBbh b, o T, AHET
BE SRR Z DB T L LD L 3 IOV TWBEDD B LRI T 572012, HHIHRZICLD
Ml OFESE S T MIBEEE R OZL 7 SICoWCREF L7z, 208, THAZE (JIRT Zn &1
FHRBED1/24LLF) (Table 2) (ZIXMOBREEME (RE Y72 ) OIS ER SN BEEOL/4LT, 0%
XTI TH L) (Fig 1) W) BRHELE RS, THEBEREALREOZLE V) AWELLARE

Table 2. Trace element levels in the thymus of zinc deficient rat, compared

with controls.

Concentration (#g/g dry tissue)

Element

Control Zn-deficiency
Mg 966.67+350.02 958.00+147.80
Ca 77.75+25.25 166.50+0.50 X
Al 12.77+£4.53 14.67+2.21
Mn 0.35+0.18 0.47+0.15
Zn 85.83+5.54 24.17%1.70 K
Cu 1.83£0.20 6.11+0.49 X
S 9773.67+4077.47 10170.00+3897.51
Cl 1559.00+270.88 3255.33+224.19 b
Br 4.50+1.54 8.17+0.93 P
I 0.59+0.39 1.45+0.06 X

The thymus were prepared from SPF Wistar-derived male rats (9 weeks ages)
fed with Zn-deficient diet for 6 weeks. The determination of trace elements was
performed by using a thermal neutron activation analysis method. Each value
represents the mean * SE of five determinations. Those marked with asterisks
differ significantly (Student’s t test) from determinations. Those marked with
asterisks differ significantly (Student’s t test) from the corresponding control
value: ¥ p<0.05, % ¥ p<0.01, 333 p<0.001.


Administrator
長方形


[(MEXRERME F10% 1993]

0.154 N }’

0.1 \5\'"\ /

(g organ/100 g body weight)

Relative Organ Weight

0.05-— T T T T T T
2 5 6

0 1 3 4
. zinc—dgﬁcient control
diet ) diet

Peeding period(week)

Fig. 1 Relative thymus weight of rats fed zinc-deficient diet or zinc-supplement diet
(control diet) for 4 weeks and after that period a control diet for 2 weeks. Vertical bars
denote SE of the mean for 10 determinations ; those marked with asterisks differ signifi-
cantly (Student’s t test) from the corresponding control value (-+-p<0.001). () control
group, (&) zinc d.eficiency group.

Table 3. Cell surface marker analysis of thymocytes and peripheral T cells of zinc-deficient rats

Relative count (%)

Lymphocyte Thymocytes Peripheral T cells
subpopulation Control Zn-deficiency Control Zn-deficiency
Thy 1,1 98.03+0.40 91.7748.87 36.36+1.68 15.224£2.90***
(MRC 0X-7)

CD2 99.024+0.16 97.954+1.31 97.72+1.05 91.03+3.55%*
(MRC OX-34)

a/p 86.54-+1.94 85.13+1.70 96.88+3.09 88.95+5.13%
(R73)

CD4 6.40+1.46 22.804+9.40** 43.9846.68 45.48+4.66

(W 3/25)

undifferentiated cells 84.214+2.62 54.16+9.86™**  4.66+1.77 14.5040.53%**
unlabelled cells 2.51+£0.19 11.16%4.68** 38.04+5.22 27.56+5.95*
CD8 6.89+£2.04 11.88+3.52* 13.32+3.40 17.44+3.25
(0X-8)

CD4/CD8 1.03 1.75 3.63 2.69

a) The values are mean +SE of 5 SPF Wistar-derived male rats per group. After 4 weeks of feed-
ing with Zn-deficient diet or zinc-supplement diet (Oriental Yeast Co. Ltd.), cell suspensions were
made of the thymus and peripheral blood cells, and lymphocyte subpopulations analyzed on a
fluorescence activated cell sorter (FACS) with monoclonal antibodies to rat cell surface determi-
nants. The clones of antibodies used are indicated between parentheses. Those marked with asterisks
differ significantly (Student’s t test) from the corresponding control value : *p<0.05,* *p<0.01,
*EEH<0.001.
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WEg S, MRS BIT B0 - LA OEEDSHER SN (Table3), & <12, MMM T
CD4 % CD8 #LBLIZ, F 7z, RMEIM Y »/RERICBWTIE Thy 1, 1, CD2, a/B¥HiE7%: LITHEDEAL
PBE SNz, T, MUREBBEIC»PDLMRANVE Y (BDHVIEMAY A A1) YY) PESNTERT
HIEDPL SN TED LI, BEKZIE) RVEVERORTICL 2 bDTHS ) L BEbILY,
2. IAPERFAIVE CRFOESREEDRRBEERRZICEL S ZOERET

M A 200 IR S 5w s, T HlaoiEe b E T 2RAVE Y O—FETH Y,

AR L) FRTF FTH b, RAMBLIZEIT S Thyl, 1 UE DRI R CD4 & 5 113 CDS HiER
T b OWMAMEOTE AL EOERE b b, HWHMERD Z LICL o THEENHET 2 & mbhTwn
bo A, X0 EBE THEOBWILF T A 20 UEHIEL ©H§ 572002, Ml b sy % e
L, TOBEA,OHERTMRAZE ) L, ZHEFRBRNE (nFHA 20 0) 2EEELT 2L
o CHfB IR LIZHBI$ % Thy 1, 1 HUE % HOGEERE /7 0 — F VPR % - CHlR B B 2
& (FACS can) THIET A&V ) HEEBRF Le 2 LT, MM LAZOFEEERICTEHKZEH
Yot 4 20) AEEOMEIISH Uiz, £ 0%, BHKZIETIE, WoTmA A4 40) v iFH
PEBIETLTCWSE Z EA%ERE N/ (Tabled),
3. BIARZICLIHELEPHMETROERE

HERRZIC L AR RIBEIEDRIE A = X L2 MHT 572012, £9, WEORE - EhMET
FKOBRE L OBIEVE % BEHESHT % A GRBFICEIE L, ZOE, HMRZREO®TLE &b I,
JRERERDEET A0S, TOLECRIORERMNBIICH L TCELETL, #ICNa, Ca, Mg,
Mn 8L Cu DBEE LR L7z, Thbb, WEIETTSE, CLR 1 CRIERROMEICLE
LA S 4, IS Na, Cu, Mg TR RFOINRIZRE ) BREET2HIH S M7z, Ca® Mo lZE 5 T

Table 4. Thymulin activity in serum of zinc-deficient
rats and normal rats

Serum Relative count (%)®
Control 77.23+2.65
Zn-deficiency 60.374+0.68%**

a) Pre-T lymphocytes (2X10° cells/ml) separated from
splenocytes of adult of thymectomized SPF Wistar- de-
rived male rats were incubated with the serum of SPF
Wistar-derived male rats fed zinc-deficient diet or
zinc-supplement diet (Oriental Yeast Co. Ltd.) for 3
weeks, for 2 hr at 37°C. Thymulin activity in serum was
determined by analysing a newly-produced Thy 1, 1
antigen on T cell surface with fluorescein-labelled
anti-Thy 1, 1-monoclonal - antibodies on a fluorescence
activated cell sorter (FACS, Becton Dickinson).

Those marked with asterisks differ significantly
(Student’s t test) from the corresponding control value :
E*D <0.001.
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Fig. 2 Movement of Mn and Zn in the hair of zinc-deficient rat. SPF Wistar-derived male
rats (3 weeks ages) fed with zinc-deficient diet or zinc-supplement diet (control diet) for
6 weeks. Hair were analyzed for their Mn and Zn contents by using a thermal neutron
activation analysis method. A : Zinc ; B : Manganese. (O) control group, (@) zinc de-
ficiency group. Vertical bars denote S. E. of the mean for 5 determinations ; those marked
with asterisks differ significantly (Student's t test) from the corresponding control value.
*p<0.05, **p<0.01, ***p<0.001.
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Fig. 3 Movement of fatty acids in the skin of zinc-deficient
rat. SPF Wistar-derived male rats (3 weeks ages) fed with
zinc-deficient diet or zinc-supplement diet for 4 weeks and af-
ter that period a control diet for 6 weeks. A ! Palmitic acid ; B
* Linoleic acid ; C : Oleic acid. (O) control group, (@) zinc
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i, MRl E V) X3t LAREK, TabbEREMER L. 72, K Br, Al SIZBEORE
Ldg B <BLL, HRIC K R Br 3o rE o Tl L72Ys
4. BWMRZICKBMBE L REPIRBOLEE)

BMIEOZE , BHRZHOEFTOMBETLEOBELF D L, Fig2 lZRTLHIZ, EHEDK
TIRE-T, =AU HFELLERLTL o —H, v Ay HRERBIIKRE(EG LB e
RSN TWAE, $72, Bk, BEORERD 12 LTHEFORERSL DL VIIRBHEICLLIAHE
HFOEB L EPBTONBEOTWE, 2T, AREHRZICEEIREDA I Z XL EFH<LHWT,
FEBLIZ SPF Wistar REHE T v b & AV CHESAR ZEMW & BB L, BEETHDH D IR ORI
BT AIRE RS % BRI O A 58 B B EZE L,

FORER, TR ZAVETL, REERSROERT L OFERRAKL Y 4 BELUETH 72, 20
& X OEE ISR, SHIRBICHARY ) — VIR A LA BB LA L, BV I T OB
HMEL ML (Fig.3)s LAL, REFZ4HEBLUKET Y bo—VEIIRT &, BERERR M IE
ROETE & IS O b BBEOHEITE T W, 2B, AFT) VBRT IR VB Lol
ORI IIAZEERTIE, REPISRMSNAR D o7, WERZICE AMEMTREOKLE T, )/ -V
W, ALACEIHAL, V3T VERIEINT AL W) EMPBELNA L LEBRIZHDE DN, T2
RUHVOEREED L) ICORDVLONETHEFTHH25, & I 7 —IVEROIN & LR R E
B DI T ISR E FREROFER E VELGLE D &, BEOBBIEE ORMBIENIBROLEE T2 b bR
TRENE DT (b7 ) IRFE 2 MBI 2 & N RIS 2 K2R LT 5

X L7
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