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Effect of Iron and Copper Deficiency on Blood Biochemical Parameters in Rats

Katsuhiko Yoxkoi, Mieko KIMURA, and Yoshinori ITOKAWA

Department of Hygiene, Faculty of Medicine, Kyoto University

To clarify the effect of iron (Fe) and copper (Cu) deficiency on blood biochemical parameters, a 2
X 4 factorially arranged experiment utilized 8 groups of male Wistar rats weighing about 50 g (8 rats
for each group) was done. The variables were supplement Fe and Cu in diet. Eight kinds of diets were
prepared by combining the two levels of Cu (adequate and deficient level) and the four levels of Fe
(adequate, one half of adequate, one fourth of adequate and deficient level). The decrease of hemoglobin
and hematocrit were induced by Cu deficiency as well as Fe deficiency. Both the decrease of plasma Fe
and TIBC saturation and the increase of UIBC and TIBC were evoked by Cu dificiency as well as Fe de-
ficiency. The degree of decrease of TIBC saturation in Cu deficiency depended on the Fe level in diet.
Plasma cholesterol and triglyceride was increased in Fe or Cu deficiency. Plasma glucose was also in-
creased in Cu deficiency. The findings suggest Fe and Cu cooperatively act to maintain normal meta-

bolism.
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REH50g D Wistar 5l T v F64PLHE 8 P00 8 FEIZ4MT, Table 1 1R 8 O ABAEEIL, @
BRI — SR (Fe 0-Cu 0), @8k 1/4 B—SMEFHM (Fe 1/4-Cu0), @8k 1/ 2 & —5HIKM
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Table 1. Composition of experimental diet (g)

Group Fe 0 Fel/4 Fel/2 Fel Fe 0 Fel/4 Fel/2 Fe 1l

Cu0 Cu0 Cu0 Cu0 Cul Cul Cul Cul
Fe citrate + 3H;0 - 0.160 0.320 0.640 — 0.160 0.320 0.640
CuSO, * 5H20 - - - - 7.111mg 7.111mg 7.111mg 7.111ng
Fe & Cu free salt’ 39.353 39.353 39.353 39.353 39.353 39.353 39.353 39.353
Sucrose 330.647  330.487  330.327  330.007  330.640  330.480  330.320  330.000
Casein 200.000  200.000  200.000  200.000  200.000  200.000  200.000  200.000
Potato starch 300.000  300.000  300.000  300.000  300.000  300.000  300.000  300.000
Olive oil 100.000  100.000  100.000  100.000  100.000  100.000  100.000  100.000
Cellulose 20.000 20.000 20.000 20.000 20.000 20.000 20.000 20.000
Vitamin mixture? 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000
Choline chloride 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
pL-Methionine 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000

1000.000  1000.000  1000.000  1000.000 1000.000 1000.000 1000.000  1000.000

'The mineral mixture of Mameesh & Johnson (J. Nutr. 65, 161, 1958) without CuSOy * 5H;0 and FeCgHs0;. 5H20
supplemented with 1.1 mg NapSeOs per 1 kg diet.
®Panvitan power ® (Takeda Chemical Industries, Ltd, Osaka).
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Table 2. Food intake, weight gain and food efficiency in rats during the experimental

period
Food intake Weight gain Food efficiency
g/ week g/ week
@®Fe0 -Cul 67.84+2.3* 20.5+1.1%* 0.30+0.02
@Fel/4-Cu0 87.0£1.7 28.4+0.7 0.33+£0.01
®Fel/2-Cu0 87.3+2.5 28.6%0.8 0.33%0.01
@Fel -Cu0 91.9+1.8 28.5+0.9 0.32+0.01
®Fe0 -Cul 63.6+1.0* 18.94+0.5* 0.30£0.01
®Fel/4-Cul 91.7+1.7 30.5+0.7 0.3340.01
@Fel/2-Cul 89.442.9 28.6+1.5 0.3240.01
®Fel -Cul 84.44+0.9 26.84+0.9 0.32+0.01
Analysis of variance-P values
Fe effect 0.0001 0.0001 0.02
Cu effect ns ns ns
Fe X Cu 0.01 ns ns

Mean £ SE (n = 8).

* Significant difference (p < 0.05) as compared with the rats fed the diet containing
normal iron level (Fe 1) at the same dietary copper level by Bonferroni's multiple
comparison test.

Table 3. Blood parameters concerning hematological response in rats
Hb Het MCHC plasma Fe UIBC TIBC TIS
g/ dl % g/ dl rg/dl rg/ dl pg/ di %
®OFe 0 -Cu0 4.74£0.2% 17.9£0.7* 26.6+0.3% 24.7+1.2% 736+16*  761+16* 3.25+0.16*
@Fe 1/4-Cu0  14.0£0.3 44.240.6 31.7+0.4 71.2+6.2  388422%* 459+18%* 15.8+1.6
@Fel1/2-Cu0  14.0+0.2% 42.840.8% 32.74+0.6  62.8+5.1% 351+ 3%  414+19 15.14+0.8%
@Fel -Cu0 14.4%0.2 44.240.7 32.74+0.5 64.7+4.4% 333+ 9 398+ 8 16.3+1.1%
®Fe0 -Cul 4.5£0.1% 16.34+0.6™ 27.54£0.7*% 22.7+1.4* 688+27*  7114+30*% 3.19+0.12%
®Fel/4-Cul  14.9%0.3 45.741.2 32.74+0.5  79.6+5.0% 282+11 361415 22.0+0.7
@Fe1/2-Cul  15.2+0.3 47.0%£1.2 32.4+0.4 102.3+8.1 283+12 385+ 8 26.6+2.3
®Fel -Cul 15.3+0.1 47.1+0.7 32.5+0.3 114.74+6.3 287+ 9 402410 28.5+1.3
Analysis of variance-P values

Fe effect 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Cu effect 0.0003 0.005 ns 0.0001 0.0001 0.001 0.0001
Fe X Cu 0.02 0.01 ns 0.0001 0.02 0.01 0.0001

Mean=SE (n = 8).
Hb = hemoglobin. Het = hematocrit. MCHC = mean corpuscular hemoglobin concentration.
UIBC = unsaturated iron binding capacity. TIBC = total iron binding capacity. TIS = TIBC saturation.
* Significant difference (p < 0.05) as compared with the rats fed the diet containing normal
Fe level (Fe 1) at the same dietary Cu level by Bonferroni's multiple comparison test.
# Significant difference (p < 0.05) as compared with the rats fed the diet containing normal
Cu level (Cu 1) at the same dietary iron level by Bonferroni’s multiple comparison test.
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Fig. 1. Effect of iron and copper level in diet on TIBC saturation (TIS).
Values are mean*+SEM (n = 8).
Solid line represents the regression line estimated by multiple nonlinear regression analysis
with the following regression equation. Each of nomials significantly (p < 0.001) attributes to
the determination of TIS. The conefficients of determination (R?) is 0.94.

log (TIS) = 0.4+0.8 - 10gC1—0.2 « (logC1)*+0.1 * logC1 * Cs
TIS : TIBC saturation (% ).
C; : Fe level in diet (mg/ kg).
Cy=0for CuOand C; =1 for Cu 1.
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Table 4. Blood biochemical parameters concerning lipid metabolism and others of rats

TCHO FCHO TG NFFA PL GLU GOT GPT
mg / dl mg/ di mg/ dl mg / dl mg / dl mg/ dl /1 /1
@OFe 0 -Cu0 92.7+4.4 17.8%1.2% 57.0+£7.8 0.39+0.04 139%6 164+6 11.7+0.3% 71.5+4.6
@Fe 1/4-Cu 0 64.5+2.8 9.840.7 54.9£2.7 0.5240.03 104+4 165+5 9.2+0.2 55.1+3.4
®Fe 1/2-Cu 0 79.4%5.7 10.9+0.7 53.9%£5.6 0.46+0.04 117x8 139+15  8.8+0.2 49.1+2.8
@Fe1 -Cu0 76.0£4.9 10.9£1.0 50.3+7.9 0.53%0.03 9619 13846 8.8+0.3 53.1%2.1
®Fe0 -Cul 80.5+4.8 14.9+0.9% 65.7+9.4% 0.46+0.05 13247 137+38 11.240.3% 54.7+4.8
®Fe 1/4-Cu 1 62.5+5.8 8.4+0.9 34.6%£3.7 0.48%+0.03 99+8 141+38 9.0+0.2 53.6%+3.6
@Fe 1/2-Cu 1 63.3+6.5 8.4%+1.1 43.7£4.6 0.58+0.05 112+9 14947 9.3+0.3 54.9%5.1
®Fel -Cul 63.3+8.3 8.7+1.6 31.0£3.7 0.50+0.03 108=%1 125+6 9.0+0.1  59.5%5.2
Analysis of variance-P values
Fe effect 0.001 0.0001 0.01 ns 0.001 ns 0.0001 ns
Cu effect 0.01 0.004 0.02 ns ns 0.03 ns ns
Fe X Cu ns ns ns ns ns ns ns 0.02

Mean * SE (n = 8).
TG = triglyceride. NEFA = nonesterified fatty acid.
GPT = glutamic-pyruvic transaminase.

TCHO = total cholesterol.

GOT = glutamic-oxaloacetic trasaminase.

PL = phospholipid.

FCHO = free cholesterol.
GLU = glucose.

* Significant difference (p < 0.05) as compared with the rats fed the diet containing normal iron level(Fe 1) at the

same dietary copper level by Bonferroni's multiple comparison test.
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