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Selenium Nutrition and Kaschin-Beck’s Disease, Keshan Disease

in China

Fangsheng LI
Institute of Basic Medicine, Liaoning Academy of Medical Sciences
Shenyang 110006, China

It has been reported that selenium (Se) had a preventive effect for Keshan and
Kaschin-Beck’s Disease, and the erythrocytes of patients are low both in Se and in
phospholipid (PL), particularly phosphatidyl-choline. On the basis of these facts
we have determined the contents of Se and PLs in erythrocytes of Keshan and
Kaschin-Beck diseased children and young dogs and guinea pigs fed with semipurified
basal diet low in Se and PL, and the effect of Se and its mechanism of action was
studied.

The blood Se and tissue glutathione peroxidase activity were lowered and the
exhalent alkane and tissue chromolipid were elevated, and the Se diminished these
changes. ;

Se maintained the normal level of total PL and the ratio between different com-
position of PL in cartilage, but in the heart the ratio of PL was improved only when
adequate PL were given simultaneously. The membrane linking enzyme activity was
slightly restored by Se supplement. Only when both PL and Se were given suffi-
ciently the cytochrome oxidase activity in myocardium and cAMP level in plasma

increased markedly and even more than that of the control group.
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KB % ( Kaschin-Beck K% ) iB#I> <V ¥ 0 Urov AFIK O ERIC R W2 S h,
Kaschin (1861) & Beck (1901) 2 Zh &7k L7z, 2 Otk hE L PELHEICLRR S,
AAtfE 30 E’rﬁﬁ%%mcrﬁ%ém%ﬁ?@mm@or;tefcc CRERRIC S 5 —> OHIHIHET
HAFIRICH L THELA SIS X ke T, £hit 1935 é@%, BEETAT LRI
—FED “EE T OREL, YRR D ZERKEORTFERIR - ARAEBREF T ER
L, milE & sk Shic, Mkt PEBFERDROPE & IEFICER L, KRS
HERE L TR Tolc b 25, ERTo0BEBOEFHSHSHA LR Y, & 6T
BEHERSES ORI b ILGE LRI RE S 1812 FRFATL 22 E X EHSN TN DD
REIN,

L2 LZO=o0RAPMCES 0P, MR b0 890 eEMT5Z &
WEETERV, WHEEOEREOME CREMIBOERE L REMLE R Y, REMFIEL,
MG KIC D LRI E LWHRERELROA 0L, BEORIFETIREL L TH
FEEETTE & BRI LMIEEE ©, $EIRMEOHAE ( Dilative-Cardiomyopathy ) &773, £7c, &
PR T ALY 2 v 2 ( Cardiogenic shock ) A3&bi, Bl WEH, MANERE
FHATHEAET L, BUENFEFICE . BECR > TLFRIEIR RV,

I0FERZ D ODIRKOFE L RHICSNWTE L OFE LRI 2SN, ElondnbHig
BSOMAE S Wi, ZOXRLOEET S ENFIOWTE, Ca, Sr, Ba, Mg, Mo, Fe,
Mn, Cu, NO, & Hlr & % EWHIRILER ( Winogradov, MHAEKENE ), K OFH
# ( Ferulic acid % ) st ( BRI ), MEERR ( Sergievsky %) 0°d 5, %
FeRIRIE W T —B LR B P ER (FFE ), KEH ( THEESE ), Virus BRHRELD
D, BELEERRIAHTH D, chbietL—o0BNE 5EX OIEROND L) It/k-
7zt v ( Selenium ) BT BHFZETH 5.

FR I IR O ERER b, B0 Se K2 & RN H 55K O HAFEE(White muscle disease)
CHEBILTWAZ LIZEIRL, FAF, RIEERE OBEE L KT O Se BEMMKL, &6
IC Se TAKEDTIHMEBE Lic bz 2B LVHEE ST, Y Hl2iE 1974—1975 4 m)1)
EREBRTOHOERT, Serk 52 6,767 A\OFFERN 1.0%THHDICHL, SekF i
D572 5,445 NDOFEIFHRIL 9.5k Th oTce THWIZ & ZHEW T Se 5 Kaschin-Beck KfFIC
HLUTLFHEND D2 ENRFBRENKY 722 0 SORKOTATHIRANE L A £ Se @
B T 5 2 & ANEES N I HIR AT HUR CREH L 2 B L RS 0
Se GHEER LD, WTFR LKW L2358y - 7 ( PEESRER R IRIERKIC L 538E ) .
12122 DA Se DIRFERR L 2D > T2,
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Table 1. The Se content in cereals harvested from Keshan disease area

Origin of . Se content ( ppm)
samplgs Corn : Soybean Rice Blackbean
Heilongjiong Shangzhi 0.0043 0.010 0.0179
Dodu 0.0029 0.0057
Sichuan Dazhu 0.0076 0.0083
Mianning 0.0032 0.0095
Shanxi lan an 0.0035 0.0071
Yichuan 0.0032 . 0.0050
Heilongjiang Hulan® 0.0131 0.0230
Sichuan Zhigung? 0.0330
Beijing Daxing® 0.0480 0.1260 0.0435
Shanxi Zhizhou® 0.0189 0.0117

a) Non endemic area ( Data from Chinese Academy of Medical Sciences)

Se MmO & 5 BN OB i i &+ 51 & B3 Glutathione peroxidase
(GSH-Px) DHEREKD ThH-> T, FREBBRLOFIE,  Free radical DB & A K2 (7H#
TAHENHET ] REBI 1068 0= ooBERIHT BHE L PHLEBEST - Tk
Tehs, ZOZ I Y 5 THRIRE AR EICHAD+ 5 & B, %g@ﬁu\;ﬂmigﬁénrg
oo AICTRECE DEERESTOLREMRT B2 L L5,

1. Kaschin-Beck KiB&ERIWFEEREMPD Se S8

BAEE THRE L 72505 & Kaschin-Beck R BH OBE L i 0 Se i1F £ A ¥+ X THEW
ErABR TS, K2 L3 IEMEKEMIEFO Se EHBENL P> LR THZE
ZRIZE B E Se DME W & FBFIC i Glutathione peroxidase (GSH Px ) OIEMEME < 7
b, BELIEE (TBA) & IEHEIRNGRE (FFA) ORAHZ T 5 (%4).

DX HIBED Se & GSH-PxIEMHREW 2, FATHIA O KRR O T L £ 2B, #
ITIND DRBOFEIEI Se LR D 5 & RFFCMAbORE 75 L Tw 5 etk &
ARF e blev, £4 TRLULEZE D ICRE CRITHECEAL THSRESE D Vitamin E
PHAHPRELBEO TR L VBV, ZOFRIWEOMIC RN L RRREBICESDEZ L&
TNRLUTWBHREMEN D 5. AW 10 EROFRAEICE 5 &, FHATHIRO A BB L LT
EROEE LAAPELEL, BEEEAEAOBRELRAREL TR Y, »oREROBER D
BT, FEEARL - RETHLEZ L 0BT oh s Fhbb Se DEBRAL W & F
KHZ, fIMUORBERLARREL TWEEEX OGRS, & CHIBAE O EAR L HERES T 58
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Table 2. The Se content (ug/ml) in erythrocytes and plasma of Keshan diseased children
and control (Shandong province 1980)

Groups Age (year) n Erythrocytes Plasma
Keshar_x disease 7-15 19 0.039+0.003% 0.020+0.002
children

Controlhm 815 20 0.104+0.015%%* 0.016+0.001
endemic

Control in ' 912 17 0.148£0.005%%* 0.119+0.003%**

non endemic :

a) XxX=*SD

*#% p < 0.001

Table 3. The Se content (uMg/mg) in erythrocytes and plasma of Kaschin-Beck’s diseased
children and control (Shanxi province 1979)

Groups Age (year) n Erythrocytes Plasma
Kaschin-Beck’s 612 13 0.076£0.0129 0.017£0.002
disease
Control'in 7-13 11 0.042+0.008* 0.031+0.002**
endemic
Control in 912 17 0.148£0.005%** 0.119+£0.003***

non endemic

a) X *SD
* p<0.05; ** p<0.01; *** p<0.001

Table 4. The blood GSH-Px activity, vitamin E, lipid peroxide (TBA) and free fatty acid (FFA)
content of children (7—12 years) in Kaschin-Beck’s disease affected area (Shanxi 1983)

GSH-Px Vitamin E TBA FFA
Groups n U n ug/ml n nmole/ml n Mmole/ml
Control in 35 1293+13.89 20 10.16+1.90 20 2.32%0.80 22 0.56+0.22
non endemic
Control in 35 779+18.2%%% 20 10.53%1.10 20 4.54+1.40%* 20 0.80£0.21%*

endemic
Endemic area I 30 72.8+17.0%** 20 8.67+1.28** 19 4.80%1.03%** 22 0.89%0.24%**
Endemic area II 30 94.5%15.0%** 19 9.76*1.16 20 4.22+0.79%*% 16 0.88%£0.22%**

a) X *SD
k% <001, *** p<0.001
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BEBRE L ORBRORNR DAL, 1984 £ EFFE N O 55 LS FRAT HUE 0 % %5
BTLRILERSEORTVS, TAbLITHIROIEL A LDEROMA Se & EIMEV 2,
FRRBE TR b £ BV EE AR E D H5 IR X 5 i B C IR IR O
ARE MK <, #icZ oo Phosphatidylcholine (PC) #3745,  Sphingomyelin
(SM) iEhz -T2 TWS, & IEREOERBIL #/FLTVWS SM/PCOE LR
ML TWwaZ LBk AH 5. Zh & FATL ThhbhidfiRifiEk® Cholesterol/Phospho-
lipid 3 5 & & b ICBEOEKE P ONREM I LU 2 {kr kbh, Muco-
polysaccharides 1 ORiEE 23/ L, Collagen /= v K u 4 5 LB » I+ 5 %% oK
ARG TOrELTWE I L E RO 0850 ENRERESEE ST T,
Kaschin-Beck S 12 513 % BB c REL B E= 0 RMIZABLoRbR D - & 2l L
Tnaz &P EERE .

Kaschin Beck Ko /MR IC IV T ik, fRMBBHEEMR 0% & RRFIc, £ Ot L e
b RE SO TEDS, il LERMEROBBITH M & BER TS ML, BEoREE

( Fluidity ) & Na®. K" -AT Pase #E#AMET LY Bk oH iR ik (Acanthocytes)
#x T3 (K1), R BEDETOBE LDH, GOT, HBDH, ALP, VGT &oiEs
5 < 2 0 MBN OTEMME T LT 32 2 2 ThhbhidAs i DAIBIL 5T * Membrane
defect " OHES & FE L, ARBEEELEESHLRETHI L VIERERELED ok
IR ENDL, AEREICKT DREELL Se L DX VEWEG E7-%ILRK & Kaschin-

Beck RIFDOFIHICR T BEMEOREIZ OO TEHELABECTH Y, FHEZOBREEBRUT
W5,

Table 5. Total phospholipids (PL), sphingomyelin (SM), phosphatidylcholine (PC), pﬁos—
phatidylethanolamine (PE) of erythrocytes (plasma membrane) of Kaschin-Beck’s diseased
and control children

Children n PL SM PC PE SM/PC
(8—12 year) ug/107 rbe mole ratio
Kaschin-Beck’s 14 | 9640169 0442007  028+0.04  0.7040.05 1.41
disease
Control in

. 13 2.48+0.17% 0.40%0.04 0.47£0.07* 0.50%0.09 0.76
endemic area

Control in non

. 16 2.73£0.12*%* 0.79+0.14* 0.53+0.07* 0.80%0.07 1.12
endemic area

a) X *SD
* p<0.05: ** p<0.01
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Fig. 1. The scanning electronograph of erythrocytes of Kaschin-Beck’s diseased children (1, 2,
3) and normal (4)
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Fh7- Bk Se X GSH-Px D4y & LTIRE 0BBRLE b+ 52/Ef & Se BRZT oKD
AL A1 Se « (RS B 0 S R ETEL ( Basal diet ) THE LB LW TRF L (&

6, 7 and 8)%, &7 Se PHFEEOWINIC >N T GSH-PxIEELEL R,

[FIRE I B

Table 6. Effect of supplement of sodium selenite (0.2 ug Se/g feed) for 2 months on the
activity of tissue glutathione peroxidase (GSH-Px) and amount of lipid peroxidation products

(exhaled alkanes) in guinea pigs

Se GSH-Px activity Exhaled

Feed n ng/10'%rbe U/mg pro alkanes

R BC Myocardium mm2/g

Basal diet 5 65+17% 174+18 57.6%5.5 80%31

Control 3 136+23** 225117** 72.34£5.5%% 42+9%
a) x = SD

* p>0.05; ** p<0.05

Table 7. Effect of supplement of sodium selenite (0.2 ug Se/g feed) for 2 months
on content of chromolipids in guinea pigs fed with semipurified diet deficient in Se

Relative fluorescence value

Feed n

Liver Erythrocytes
Basal 45.1+8.8% 6.4+3.7
Basal + Se 28.8+5 1*** 6.5x3.1*
Control 1473 6*** 4.8+1.9%
a) X * SD
* p>0.05; *** p<0.0l

Table 8. The content of chromolipids in young dog tissues fed with semipurified diet deficient

in Se

Relative fluorescence value (number of animals)

Diet
Myocardium Liver Erythrocytes Plasma
Basal diet 25.1+10.79 33.6%7.0 9.1+£3.0 11.0£4.5
9) 9 (%) (€))
Control 11.4£0.7%%* 17.3£3 9%%%* 2.9£0.9%** 1.4£0.3%**
(6) (6) 6) (6)
a) X = SD
*% 5 <0.01; *** p<0.001
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JEEAE & #KbT Exhalent alcanes &EERILIEEAOERE &K T %5 Chromolipids D&
BT B & ERTH LT, WIC Se AL (AN ) ORISR & (5 L, BHREMER O
REBEOERA DD L bER LKL, £9 &£ 10THRLAEL S IC Basal diet THEBL
EREENEY MZPC ORD L SMOBMOMHRA S Y, Kaschin-Beck KimBE ICB 1T
SEE RABUT e, TROEMIC Se eRE LI EZAHEOENEY, HLEREET,

BlE B LR b ER o FEIC b ¥ B ATR L. i OHRICLBRALEDH DL 95T, *
WE -y MO OBSEE B ERICH LT, Se 5720 TRIEFIC 4 D BAanas, RFFIC Se
DIEDCBEIEE & RO B 58 (BT KT O #HEHE,  Choline % ) #5345 LA T
SBEEO LRI X ik d (F11 )., & IO MitochondriaWEICKEA T 5

B45% Td 5 Cytochrome oxidase CEHEICHEA LW S Boundary lipid & 2 Wid
Surface lipid {25222 Cardiolipin 25RO & THEM L 72,

Table 9. Effect of supplement of sodium selenite (0.2 ug/g diet) and phospholipids (20 mg
soybean PLs per gram of diet) in diet on PL composition (ug/mg tissue and their % in total
PLs) in cartilage (5 puppies per group)

Diet Sphingomyelin Phosphatidylcholine Lysolecithin

ug/mg tissue (%)

Deficient in Se 0.70%0.23% 0.3340.17 , 0.23£0.12
and PLs (55.5%) (26.5%) (18.0%)
Supplement with 0.78+0.29 0.50+0.20 . 0.39+0.20
Se and PLs (47.0%) (30.0%) (23.0%)
a) x * SD

Table 10. Effect of supplement of Se (0.2 ug/g diet) for 2 months on phospholipid composi-
tion (% in total phospholipids) in cartilage of guinea pigs

i Lyso- Sphingo- Phosphatidyl Phosphatidyl
Diet n . ) . . .
lecithin myelin choline ethanolamine
Basal diet 7 6.1%£1.1% 43.3%0.1 48.9%0.1 1.7£1.0
Supplement with Se 8 16.6£0.7*** 22.3+£2.0%* 57.8+3.9*% 3.4%2.6%*
Supplement with Se 9.2%1.5% 19.646.0%%  67.144.3%* 43+35%
and phospholipids
Control 8 11.7+4.0* 22.0t4.6%* 56.2+8.6* 10.1%£1.0*%*

a) x * SD
* p>0.05; ** p<0.05; *** p<0.0l
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Table 11. Effect of supplement of Se (0.2 ug/g of diet) for 3 months on phospholipid (PL) compo-
sition: lysolecithin (LL), sphingamyelin (SM), phosphatidylcholine (PC), phosphatidylethanolamine
(PE), and cardiolipin (CL) % of guinea pig myocardium fed with Semipuri_fied diet.

Diet n LL SM _ PC PE CL (DPG)
Basal diet 5 12.1+439 16.9+2.7 43.9%8.2 15.2%7.6 9.8+6.9
Supplement with Se 6  12.2+5.3* 17.9+3.8% 447+6.6% 149+8 9% 10.3%£6.9*
Supplement with Se ;5 g4 gux  |70820%  352+4.8%  273+4.4%% 12.9+2 3%
and PLs
Supplement with Se,
PLsand its meta- g 7 jyq pess 1] 0424%%%  520%155% 10.0%5.6%  19.6+10.1%
bolic factors
Control 4 11.2%2.5% 13.2+2.8% 45.6+10.7*  9.7%6.9%  20.4%9.1*

a) Soybean phospholipids 20 mg, choline chloride 2 mg, methionine 0.5 mg per g of diet

b) x + SD

* p>0.05;, * p<0.05; *** p<0.01

3. Se LEIKEEDHEAE

Fieifk 72k 912 Se, &< Se LB FBICEMWMICE 2 5 L ARIE D BEMR % IF
WICESERARD 22 LICBEEL T, Se HBETHIVEOEELFED 2EH LD &N

HEIZ (K2 ),

4725 Basal diet THEF L7728 T2l @ Mitochondria ® =

4
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Fig. 2. Dynamic curves (A) and logarithmic velocity (B) of myocardial cytochrome oxidase
activity of guinea pigs fed for 3 months with 1. Basal diet (n=6); 2. Basal diet + Se (0.2 ug/g diet,
n=6), 3. Basal diet + Se (0.2 ug/g diet) and phospholipids (20 mg/g diet, n=7), 4. Basal diet + Se
(0.2 ug/g), phosopholipids (20 mg/g), choline chloride (2 mg/g diet) and methionine (0.5 mg/g diet
n=8); 5 Control diet (n=8).
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Table 12. Influence of Se (0.2 ug/g diet) and phospholipids (PLs) (20 mg/g diet) in diets for
3 months on plasma CAMP content in guinea pigs '

Diet n pmoles-ml_1 F test
Basal diet . 3 47.5%23.0 F<F 0.05
Basal diet + Se 3 67.5£27.0

Basal diet + Se + PLs 6 102.5%15.0

Basal diet + Se + PLs
and metabolic factors®

Controldiet 62.5%11.0

5 105.0£42.3

a) same to Fig. 2.

— 5 —@% TH 5 Cytochrome oxidase IEMEA R K<, W/ d Se il T X O ORI
LRI, 7 OREEEEK OBLREH TR o7z, Lo L Se L BEIRHE & FRFICS
2t SN P TCREERENRED OGN (p<0.01)e Z 9505 B c AMP ( Plasma
membrane 2% % Adenylate cyclase D&Y ) oEfLic b Roh s (£12 ). F74b
b Se & BSISE £ R ICH L7 7 v — 7 TiX Plasma cAMP OREOEIINT 21K E <
785,

= b OB TR E RS £ ODER OB —B L Twa2Y b b
ERRL L TV AREE OMAL BICEEA LTV AIEEREE, DR & mIICBRL T 2,
Z Dz LiiSe BEIUNEOLGEE L THT 5 2 L RS0, —H, BEE T 00 OTE R
L TR E R WER TR enr L Ebh b,

4. %% B

Se MG & Kaschin-Beck KR DO FFIC TR H 52 &, FATHIRAIE & A ESe®
EVHE CEROEDMTF O Se EHRLIENZ & L BEORMIK - HEFORNKS TH DA
BICRBENDDH- LEEEN L, S5ICSe & BIIEEEHIR L /EARER CHYEEE L,
7 ORFEE R OAECER B S WT ORISRk, $7abbSe ZHIRL (37A)
B Ciiih o Se 4 & & Glutathione peroxidase IEEABET L,  EIREBER(IMAE LT
o Exhaled alkane & Chromolipid DEAMEX THB, Se & 52 5 L OB R{ b L
IR b R o DS R & Ao LB LD O BRE E TL (A5, EaIIE LS
TV, Tl ORFIC Se & BHIEE ( KEMIEE ) & RAFFICRE Lic s/ v—7 TR LAY
FEFERE L > BECTMERL L IR Z EHRRD LRI |
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