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Studies on the Function of Chromium as a Trace Nutrient

Osamu WADA

Department of Hygiene and Preventive Medicine, Fuculty of Medicine, University of Tokyo

Chromium is intimately related to glucose and lipid metabolism. Chromium deficiency is known to im-
pair glucose tolerance and raise serum cholesterol levels in animals, and many studies in humans have
suggested that dietary supplementation with this trace element might improve glucose tolerance and lower
cholesterol.

Glucose tolerance factor (GTF) , a trivalent chromium compound naturally occuring in brewer's yeast,
is supposed to be the responsible chromium compound for the activity. Although the structure of GTF is
considered to be a nicotinic acid-chromium axis with ligands of glutamic acid, glycine and cysteine, GTF
has not been purified completety.

In the course of study on the metabolism of chromium in the body, we purified a low-molecular-weight
chromium-binding substance (LMCr) from liver of dogs. LMCr was identified to be an anionic, organic
chromium compound with a molecular weight of 1500. LMCr showed a lower acute toxicity in mice and

6+ or Cr® ¥ inorganic salts. So, we supposed

had a higher rate of urinary clearance in rabbits than Cr
that LMCr plays an important role in the detoxification and excretion of chromium in mammals.

In the next study, we tried to purify GTF from bovine colostrum and rabbit liver, and isolated a biolo-
gically active, low molecular-weight chromium-binding substance (LMCr-GTF) from both materials.

The purified LMCr-GTF appeared to be an anionic, organic chromium compound with a molecular-

weight of 1500. It comtained aspartic acid, glutamic acid, glycine and cysteine inaratioof 5:4 .21 1
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Furthermore, it stimulated the rates of both C**-glucose oxidation and H3-glucose conversion into lipid in
rat epididymal adipocytes at chromium concentrations greater than 1.5ng/ml in relation to insulin action.
The LMCr-GTF lost its activity almost completely when chromium was deprived and the recombination
of Cr3®" into apo-LMCr resulted 90% recovery of its original activity.

In the near future, LMCr-GTF might be used as an anti-diabetic and an anti-atherosclerotic drug.

However, the safety and efficacy of chromium compounds must be completely examined before its usage.
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Table 1. Effect of GTF (Cr) supplementation on glucose tolerance tests'®

Mean plasma glucose levels

(mg/dl)
Cholesterol Triglyceride
0 hr 1hr 2 hr (mg/dl) (mg/dl)
before GTF(11) 106 + 4 201+ 8 178 £ 8 245+ 9 121+ 8
After GTF(9) 99+ 4 162 = 11 132+ 5 205 £ 10 112 £ 12
Significance NS < 0.01 < 0.001 <0.01 NS

Mean serum insulin levels
(microunits/ml)

0 hr. 1 hr. 2 hr.
before GTF 24+ 6 78 £ 17 118 £ 17
After GTF 26 £ 12 70+ 8 83+ 8

Mean * S.E; number of tests in parentheses. Suppleinent: 4 gm Yeastamin/day. GTT:
100 gm oral load. ) ‘
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T, VLA L, & TOHENAMELRELTUANI L AHETHY, TRCORMBRREEII 7 TA
REDHZRTHEVWI LIZHALHTH A,

v F T/ O LRSS MCIHERET 2R3 2 L 2B LA0R, EF, SRHERTLECA
WHNTWAED O —8ilc L ABRBEOMBLE, JO0ARMCL2ZORIETH S, BIHELTIH
=013 LOBEND LD, BURESI BB CEN GrA~54F) CEVEID) -EHEZT,
M8 R 5, KRR ASNA v A Y VFEIC UG Ll < ig 2 9 A f#i30.550g/ml (IEHED1/10~
1/20) L{&TF, b2 0 2250 pg/ H OBHEMTHESNA SN TS (Table 2),

Table 2. Chromium dificiencies (diabetes mellitus) due to intravenous hyperalimentation and their recov-
ery by chromium administration

Reporters Cases Serum Cr Cr therapy Fasting blood Insulin required
sugar (mg/dl) (IU/day)
Jeejeebhoy? " 35, F Before 0.55ng/ml 250 x#g X l4days 75 ~ 175 45
(1977) After 5~10 73 ~ 110 0
Freund® 45, F Before 0.5 pg/dl 150 pg X 55days 200 ~ 600 20 ~ 25
(1979) After 73 ~ 200 0
Brown® 63, F Before 0.1 pg/dl 200 pg X l4days 120 ~ 300 30
(1986) After -1 pg/dl 100 ~ 110 0

—%, 7UARZEWTEIL AT O - VAESALN, 7055 THETHILIHLMIIEN
77 b NOBRBBLOE L AT O - VIERFICH L, GTFEAREY 159 g S BAREOKS
LB T, MEOAZLTILAFa—VOERT AL, LI VAT O-VORED
00mg/dl B EDET, ZOETHEETH o720 7, HHEYKEE (HDL) T L 270 —VED
LA DOWE DS H VY, (Table 3) ©

Table 3. Effect of GTF(Cr) supplementation on serum lipids®

Lipids n Before GTF After GTF Difference
Cholesterol 44 225+ 8 204 £ 8 —21*
(mg/dl)
HDL cholesterol 45 53+ 2 58 + 2 +50*

% p < 0.01, Supplement : brewer’s yeast power 9g/day X 8weeks
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13, MERICRLE L, M4 LRIHDAOERD 7 0 LEBIETTAI L, XKEADZ O LAEER,
ROEDAN 2 IZAEWZ L, BRFOBEICE > TEYFDO /0 2BRELIETTAZ 25, XH
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WEL - CTHBEROBETEEA YA VIEE & /2L, ThAPRABERERFEBLOEaL AT 00—
VIEZ EORERBREE Y 572U, BIRELIC L DEAFROBMES 25T L) bDOTHE, 7
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HYEBRTERO /O ALY L 7 0LAGHERDOE Y — VER (Saccharomyces cerlsbergensis 7z &)
BEOH I THERLEICL VHREOD AL, BRFOI 0L LY - VEED S VI — AFIHROBR
RRRBELZ7OLLNB50% TN — V7 O ADOEPHEREKTH A LD, BEOKE
Oy OLANTHERFEEION, BBLXEHTE300~1,500CHA 4+ s usBEEEEL, =25
VB, NI IVE, FUYYBLUVATA VRS ETWENGIF E LTRESN TV, 9L
D LEEOHEZCOBENI L 2bET, 40L IABRENTVWER VY, £/, GTF OFREDH
21, & TE—IVEERED50% ~90% 7V 3 = VI ES KT HnTnb,

GTF OREHEIZI, D7D ARZT v FORIEABHMEE FVTHC-7 Va3~ 2D CO~D L
DRREBRDLFEEOY — VEBERE T — VTN S ETERLRET B COEMET B HENH B, P

GTF RANTHER I 0 LA X VAR ENB LEZ LN TWEY, BIZHHERF~Y A TIIEHK S O
AFETEYT, GTF AP TH 702 LY, ZOHWTIIANTO GTF OAEAIRKML T2
ELWEINTEY, & bO—EORERKRT S FHORMDD 5 WS D 5,

GTF 34 Y 2) Y OHFHETTOAA ¥ A AMeHOMEE & -7, F-EMRRATIZOHRIEZ
Ve INHDZ &N GTF OERBFROA ¥ 2 v OBEREBOREERM, @1 » 2 1)+ —EHE,
OMIBL 75 —TDA ¥ A1) »OfEERV LAIRA L ) AR DBMZ EH%E 2 b TW A HFEIIEA
HTHb, '

B EHWZ NI — 2D CODE HARERT, GTF I NVI—ADH COEENDI AL A
70y TV max 3 — 4 fEICHIBRT 575, Km BIREAZVZ LR, 4221 ¥ LRKICS
NI—ADEHRELIRELTVEEEZ LR TV A,
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dﬁﬁt%uﬁnAw“Eﬁﬁ”ﬁ%t<ﬁ?bf§fm6:tféb,M%ﬁWWW@%%WM%K
B UEET A LEND D, MG OAD “EEME" 121960448 T1000 2g/l, 19804 Tid0.1~0.2 g/l
Thhb,
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4. EH9FI7OLEADEOHRE ,

7 bOWEETIE, SBOBEWENHELTTOLILLHY, ZOBRTERENZLOPK
5F - 1 AEESWE (low molecular weight, chromium binding substance; LMCr) &% L7zd DT
H5bo

HKEIZE VAT N2 0403, KESDPHFREICE VAT, »RVBIERES A, FRB TR
80% DLk 2SI BB ICHEAET Do MM LB % 7 O MBS RIS VIERBT B LIRS T E D O ES
FAEAL 2 0 AREET B, FIHFRBIZL ,500@1&&&5‘%53‘@] WWEFAHAZLEAD, ZO5HE
ORMBE TSI, P ;

O LBEEROF L)LY ) — VAL, Sephadex 7 ViEiB, 14 v 3#Hi L% < DR LRHERIC
Shodex OHPAK Wifk7 U= k75 7 4 — CHRIEI, REMITRE 7 0 AHHF—HT 5 ¥ -2 2%
SNhite BT X480, 13FH7- YD/ usEREI1ET, 73/ BEREIVYIVE, )V
BLUOY AT Vv HEEDT0% & EDO Tz, TOREETOGTF fEHIEA DN d 7205 I, M,
FOBISHBAP AT, AMERENOI T L% v ) 7—LEZ LN, FE, B U LICH~FEY
B LT L (Table 4) 12, B2 5 OPkE bR 0 MEAMITHAE LRI L (Fig. 1) 2,
ZUL%ET LI LMCr i, 7 0ARMRET Y AORGHRID S I LR EXH OISR, TR
HSEIRIER 6 7 0 A70%85.7%, 3fifi7 7 2%%95.2% TH 5 DI L, LMCr i323.5% TH - 72,
IRBHDI L L) LMCr AR THOZ ua0F v ) 7, HhltF v ) 7 & LTHWTWA EfEE SR,

Table 4. Acute intraperitoneal LDso values for LMCr, K2Cr207 and

CrClsz in mice?’
. LDso 95% Confidence
Chromium compound (mg Cr/kg body wt) limits
LMCr 134.9 ‘ 99.3-183.2
K2Cr207 o 13.1 ©7.2- 239
CrCls 32.8 27.1- 37.4

For each dose of the chromium compound, a group of 10 mice was recorded
up to l4days after the dose of chromium.compounds. The LDso value for
LMCr was significantly different from those for K;Cr207 and CrCl3 (p < 0.01)

5. 9B LURELY D GTF DFER
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SEXY, ANAT I N BN L D SHIEDRE R LOREICHE LEA U - Pk EEAT
VW, ZOAEEDSEVY VPRSI0 s u AKSFRN L) GTF OB EHA T,
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Fig. 1. Time course of chromium clearance after intravenous administration of LMCr, K2Cr20-,
and CrCls. Values represent the mean = 2S.D. for three rabbits.!?

Table 5. Purfication of LMCr from bovine colostrum™®

Fraction Cr Protein Cr/protein
rg g ng/mg
Colosturum 220 1035 0.193
Skimmed milk . 252 1172 0.215
EtOH extract 52.5 735 X 1073 71.43
DEAE Sephadex 5.65 195 X 1078 289.7
Sephadex G-25 2.90 3.25 X 10?2 890.8
Sephadex G-15 (1st) 2.30 1.09 X 1073 2115
Sephadex G-15 (2nd) 2.38 n.d. -



Administrator
長方形


[(MERERME F75F 1990]

TNTY, YAFAVDEST ANTEVEESNS L (Table 6) 9, 5124 XY VEETFT, Bk
FHNZT N = AD CONDE YiAA, BLUREAD L VAR EET 2 2 L HBTFH SN (Fig. 2)

14)
o

70 LBEEFZROFIS b, EFEBICHTEL 50007 I BHER D F U GTF %0 5 2 50 98
bitze Cr/7 XV BERERIIZ 4 1 1 TH o7, D

ZOLMCr (GTF) %Rt & EDTA THEEL, 7 0Aa%3 7L, BICHES S¢CGTF HEHOLE(L
¥HI2ETH, Cr #BrFE L7z LMCr 11 GTF M3 <, Cr B#EA T GTF EMHIZEET 5 & & A5
Ban, GTF I/ O AP EELREFRLTWAZ L4372 (Fig. 3, 4), ©

6. WMETROEEHE LMER .

70U bi, ZOEBHRE LCOM  IRERBOBUEIWHESN, & 510 SILBENBR S HmES
IE, RIBREOUEED, EHISAGIGE, BYERY, RERE, WEBERE, w1 aHmem, B
M LEEFE, ¥4 3 EERSEFshs, 1V

POTOEY I VR, METET—2FHELTVL, LAL, BETEOELEOENE, —H
PERLIZIFAETHEE LTEEEEBER SO TR, b LEBER2HET2581, %4k
REMEE TR TRETH D, ~RICMETEORLENEZ, —ALERORERET, 10/
PLEBI T B BT 2 WEM D 5 2 L 2+ RBTNETH S,

Table 6. Amino acid composition of LMCr from bovine

colostrum!®

Amino acid Mole % Molar ratio
Asx 32.96 4,12
Thr 043 0.05
Ser 0.94 0.12
Glx 40.00 5.00
Gly 16.84 1.98
Ala 0.80 0.10
Cys?® 7.40 0.93
Val 0.19 0.02
Met 0.00 0.00
Ile 0.16 ' 0.02
Leu 0.56 0.07
Tyr 0.08 0.01
Phe 0.24 0.03
Lys 0.02 0.02
His 0.16 0.02
Arg 0.08 0.01
Total 99.97 12.50
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Fig. 2. Effect of LMCr on '*CO; production from {U-C) glucose (a) and {3-*H] glucose incor-
poration into lipids (b) by rat adipocytes with (shaded bars) or without (white bars) insulin
(5 zu/mL). The results are expressed as percentages over the control values in the absence of
LMCr in each experiment and are means *+ S.D. for three or more determinations. The basal
values per 4 X 10* cells without insulin were 1115 & 29 dpm for (a) and 1446 £ 34 dpm
for (b), and the values with insulin were 3724 £ 213 dpm for (a) and 5236 % 218 dpm for (b)
(n = 3), respectively. * Significant difference (Student's t-test) from the values obtained by the
incubation without M-LMCr (p < 0.05) . Similar results were obtained in three separate
experiments.”)
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Fig. 3. Separation of Cr-deprived LMCr on Séphadex G-15 chromatography. LMCr treated with
HCI (a) or HCI and EDTA (b) at pH 3.0 was applied to a column (1.0 X 40cm) and eluted with
50mM ammonium acetate buffer, pH 6.5, (3ml/hr). One ml of fraction was collected. Every frac-
tions No. 20-25 were pooled, liophilized and served for the rat adipocyte assay as control LMCr
(fraction A) or Cr-deprived-LMCr (fraction B) . Cr content (- -) and absorbance at 260 nm (-)
profiles are shown.'®
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Fig. 4. Chromium dependency on the effects of LMCr on **CO production from (U-1C) glucose
(a) and (3-®H]) glucose incorporation into lipids by rat adipocytes. In the presence of insulin
(2.5 £ U/ml), the cells were incubated with LMCr (A), Cr-deprived-LMCr (B) or Cr-rebined-
LMCr (C), at equivalent amounts of ligand to a concentration of Cr as indicated. The results are
expressed as percentages over the control values in the absence of LMCr in each experiment and
are means + S.D. for three or more determinations. The basal values per 4 X 10* cells with in-
sulin were (185.8 + 3.5) X 10% dpm and (229.1 & 14)X 10% dpm for b, respectively. Similar
results were obtained in three separate experiments.le)
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