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A zinc deficiency induces a severe immunodeficiency and alopecia. The mechanism of zine
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 & CDB8 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 only 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-



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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SPF B LR IZ B\ T, SPF Wistar RE#ET v b (3384, MM, 40g8i%) 12 Table 1 127R
TN S EEA IR INFE (Zn HE D 0.05mg %, )T FMEERKK) b L EHEESAmMER (3 b
O —)vfi¥, ZnCOs #RHN, Zn & :5.8mg %, [H4h) B LMK (Zn&& ©0.1ppb LUF, HIE)
¥HR, 4~6HAMMAE L, 4B, NEEBRTIIFORILIC6EAMI Y ba—VEHTHET L,
ERE®%2, 4, 6, 8, IGABICHBEDT » b & ) TR ZREORIE, KEL S KM 2N
L7z,
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BEIN=T DTy bORREAT Y LAAy T2 (200m#) ECREHNY I THD LY A%
A5 PBS (2 CMBRIRL % PVt L, £ R#20ml MK IR i % FERL, —HE800rpm (#9300g), 5 57
TELf, FFE20m] PBS 12 THIM % 1785 &4, BAMIZ 5 x107 cells/ml OMFLIFHR L /ERS 2. =
DIFFEHZ104 1 IZENEFNDE )/ 70— FIVHAREH (100 #g/ml) 1021 % 8t (i) 12,
AHVIETE (TERE) IEmML, KIS0 MREITRES 5. £D#, PBS 2ml %1z T1500rpm
TSHMELL, B L Yy MZ1%28FRkVAT LT K llEER) 54 PBS 0.5ml %41
RTHMRIT SR A2 E RS 5. 2 OFME* M5 8 BT 838  (Fluorescence Activated Cell Sorter
* FACS can, Becton Dickinson #-5¢) (24t L, #I210000% AWCTHIET 5, 72, FKILY 25k
DO, RO S & HEIZ4MmI00 41 12 ZNENE ) 70 — FUHARI0 241 # Bhd B id
EICMA, KPT05MBEHHE L% S5IEMA 2m %Mz CTI05MEIRICTHREST 5,



1500rpm, 570 L7z, #72~b v F%—BE, PBS 2ml TX { $E#r L, WAE1500rpm, 5 %5
LT B, STICHB/L » P21 %/8FRIVATIVFE FE4H PBS 0.6ml #iNZ, Mm% /EW
T 5, LEOMEREZNBHBOGE LFEKTH D, AnzsbiEge / 7 o—Fgikix, £T
serotec WD b DT, 3 CD 2 (E rosette forming T cells) ik« (FITC ££5% MRC 0X-34), ¥iCD4
(Rat T helper cells and macrophages) $i &+ (Phycoerythrin #% @ W 3/25), #iCD 8 (Rat T
suppressor/cytotoxic cells) Hifk - (FITC =3k MRC 0X-8), #ia/B (T cell receptor) Hifk - (FITC #=
W R73), BLUBIThyl, 1 (8 T cells) Hifk - (FITCHEFEMRC OX-7) ThHb,
3. My LY EMORIE

SPF Wistar &# 7 » b (8 ks, HfE, 200g §ifk) TV L/ R FIEPBS %1 1 1DHAET
RAELZH90.28ml (0.14m1/100g body weight) % B2 FiESf L, FEEEDEI7-8%, MBR 2 0k5 44
Bo Fiitk, 2BMULFAT L/-MBRELZ v L0, ML 2 ) — XY FNTEEAICRIL, A
FYLAAya (200ms) ETHIANLDYGALDS, 7%FBS (56T 305 MIMNALE L T
L7:) &4 RPMI1640 K52 % v TS % #Ev o it L, @ @4920ml OMIfS iR % (R T 2, Th
%#800rpm, 5 43ME LA S, 7 % FBS &4 RPMI % VT, 10° cells/ml AL #7052 #E10m1 (= 3 8
T4, ZHIZHAEMEE%E |7 Lysing solution 20ml /N2 T 5 M ZIRMET %, 1500rpm, 5 7
L L7:#, B7-~<Lv F%7%FBS &4 RPMI 10ml CTX {#k#& L, 1500rpm, 55 ME LT 5, 2D
BUEE 2 @47V, £810ml OMAIEER T ERT B, ThEe A0y 774305 0Ih, &
S HTBR T MBI 4 2.5X10° cells/ml (2B L, MEFABRE(20.5ml R ), RERIMIEO0.5ml %
Mz, +&bbiikRES0% & LT, 3ICHDCO A ¥ Fan—F—NT2HMS > Far-1T2,
2 B¥M %, 800rpm, 5 M Cailof&, Mfe<L v FIZPBS 2ml £NA CHIfL 2S5, T DEAE
% 2 [0l4T » 7%, PBS CHINIZMEHI100£41 2 AWML, ZHIZHELGEMSE / 70— FVHikiEi (100 #
g/ml) 1041 %&FBINL, KHPIZT205 B EBFETIE S 5, if#, PBS 2ml %12 T1500rpm T5 4
ML, #IfaSL v M2l %28F 5 AT NVFE FEH PBS 0.5ml % 012 CHIBLIE W #1ER T 5,
IhEFAQ T4 Ny —CilB L7tk AieEBTSHEREE (FACS can) (24 L, HIf100001 %
HWTlET B, B, REBRTHWIOEERE / 70— F LI Thyl, 1 (Total T cells) #i
& (FITC 5%, MRC OX-7, serotec ®) THh b,
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BRELL 721KE 12 IAEA (International Atomic Energy Agency) HERDIEHIELETH L 7 + » — i@
A (3E) — 7+ b OMEICE25ml, KI0GMO—1 > 7Y = —h —CIREZHE L7:#%, BEZL T30
~80mg X FFE L, WEEEGEHEAE) ZF LV BICAh, R —5—THAL, BERHBE LA, %
BOOFMMIBEHFEHC LTI, ERNIBAHI L - TR 25 L 205 UGB SR 5 28 h 05
ZbNBT LD, R MEEREHEAR) T FL VBRI TEIIHA LR,
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(KUR-Pn-1) W THBE I 7V 2HELHMICHED, 1526 26055, #HhdkrH @ 2 X
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12F2% Y Tk F—IZ AN, EDREEGe Y E8ARITGE %A L KBTI (Pulse height
analyser, PHA) Y HWVWT Y B2 A7 bR M) —IZLBETTETM 2T o72. 2B, AERILS
VAR OB GTER, SEIERR, EHHRFEEEORRE L AMEITEIEILUTOLEBNTH S,
HFEeME 1 SFES, 2~ 55M&EH, 20085H : CL Br, 1, Mg, Ca, S, V, Al, Mn, Cu
%A 604 M IEST, 36RERIAE], 300FEHH [ Na, K, As, Au
EAfdni%AE ; 607 M8S), 60H M AN, 1000084EHH - Se, Sb, Cr, Zn, Hg, Ag, Fe, Co
6. BMEEOMQE
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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 :
Ingredient Amount
Ingredient Amount VitaminA 1000 IU
NaCl 0.56g VitaminD3 125 1U
KzHPO,4 1.07g VitaminE - 11 mg
MgSO, 0.17¢ VitaminK3 0.03mg
CaPHOy 0.25¢ VitaminB, 1.00mg
CaCOjy 1.00g VitaminBz 0.60mg
Fe-Citrate (Fe 17%) 0.09¢ VitaminBsg 0.40mg
K1 2.66mg VitaminB2 2.004g
MnSO; = 4—~5H0 0.88mg Biotin 0.40mg
CuS0y - 5H:0 1.00mg Folic acid 0.05mg
CoClz « 6H20 0.19mg Pantothenate calcium 1.60mg
Nicotinic acid 2.50mg
Choline chloride 150 mg




ElidlghKklm 200k a—2% /=)L (2:1) 3mlOBEHPITMEL, FEIFAXL,
Bk, 7UOURVAEEY Ny FATEREL, BAZIE L. BZBEIB0NF Y7 AXFT—}
1ml TXF VAL, ~NF4 TR L, @k, GCHICX v ElBEE 54T L7,

7. HRIAOT T 57 1 —IC L ZBERRAEDFRHE

# F 2 Unisole 3000 (Uniport C, 80-100 mesh), 3m x 3mm L D, i&PE : & 7 4, 245C ; FID #EitigF,
260C ; FEHEALR, 260C, Fx Y 7 H X N, 90ml/min. Sensitivity : 100, Range : 0.8V.
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BHRZIIRBEALLHRT LY, CORBREIE T MRBEOEESETH Y, M RERE
DETHFEECH L. BE5<, ZORMITRETRMETHLMWROZE(L, T2b bR IR
B (T MIR) %k, BIIZMIRMEROSME - RROREICH S LD ICBbIE, it-T, AFET
FHEAR AR BIEDE T & XD L) BTV TV A O EH S AT 7010, BHRZICLS
MR OEGH L T MBEEETROZEE LICoVWTRE Lz, ZO&R, BRI (MRS Zn B
SHBED1/240F) (Table 2) 1 IXMIRERH (KEY7 ) OHMBBRERIMBREOI/LLT, Z0%
FETHENTH D) (Fig 1) Lv ) BMELLABC, THREXEHROZELE V) BHELLHE

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 +350.02 958.001147.80

Ca 77.75+25.25 166.50£0.50 ¥

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 O K
Cu 1.83+£0.20 6.11+0.49 b3

S 9773.67 £4077.47 10170.00+3897..51

Cl 1559.00+270.88 3255.33+224.19 K
Br 4.50+1.54 8.17+0.93 3

I 0.59+0.39 1.45+0.06 ¥

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, ¥ 3% p<0.01, ¥ 3% p<0.00L
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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). (J) control
group, (&) zinc deficiency 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 91.77+8.87 36.36+1.68 15.22+2.90%**
(MRC 0X-7)

CD2 99.02+0.16 97.95+1.31 97.72+1.05 91.03+3.55™*
(MRC 0X-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 22.80+9.40** 43.981+6.68 45.48+4.66

(W 3/25)

undifferentiated cells 84.21+2.62 54.16+9.86™**  4.66+1.77 14.50+0.53***
unlabelled cells 2.5140.19 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,
***p<0.001.
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M4 40 3RS S5 S h, THROMER ML REST MRt VE>D-FTHY,
W EREA L) FRTF FTHD, RAMKLIZBIT S Thyl, 1 PUE ORI R CD4 & 5 212 CD8 Hili
L ORAMBOTEEL L EOERAE b, HiER) T LICX o TEMATHET A Z LIS hTWw
Ho A, &)ERECHEDOEVILTY A &) VEHHEE LT 50010, IR ENY % R
L, OB OHE THMEEIRD ML, ZhifBnE (ks 20 >) 2RIGSELZEICE
o THIM IR ISR T 5 Thy 1, 1R 2 40BEGRE 2 7 0 — FOVHifk & 4 o RN B BhieaT 55 B
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WERZIZE DIEROHEEIEDRIEA H = X LMW TH-012, 7, HEORE L EhMET
FOBEE & OBEMY: % BOHESHT & HCRERFICBIE L7z, ZOfE, BHRZIREO#ETE LB,
BREEKRSOEENT A, TOLECIRLIOBEIINBEICHLTEHELMKTL, #I2 Na, Ca, Mg,
Mn 5 L0 Cu DRI LR L7, $hbb, REAIHETTLE, ORI CREBHONMBICHED RE
L AAHIH S, #iZ Na, Cu, Mg TIZIEFERO NG IZ0E S iR T AIH Sz, CaR MniZlE ST

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

Serum Relative count (%)*
Control 77.23£2.65
Zn-deficiency 60.37+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 37C. 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 :
* Xy <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. () 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.

35

| zn - deficient

Control diet '

diet
Feeding period (week)

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
deficiency group. Vertical bars denote S. E. of the mean for 5
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determinations ; those marked with asterisks differ significantly
(Student’s t test) from the corresponding control value. *n<
0.05, ™ *p<0.01, ™™ *p<0.001.
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