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Vitamin A deficiency produces anemia and altered iron status. In this study with rats we tested two hypotheses
regarding vitamin A deficiency: (1) that it impairs erythropoiesis, leading to an increased red cell turnover, and
(2) that it inhibits the glycosylation of transferrin. Erythropoietic activity was assessed indirectly by determining
the myeloid:erythroid ratio in bone marrow smears, the number of erythroid colonies in the red pulp of spleen,
the blood reticulocyte index, and zinc protoporphyrin and plasma transferrin receptor concentrations.
Transferrin glycosylation was assessed by measuring the sialic acid content of transferrin. The effects of vitamin
A deficiency were compared with those of iron deficiency. Iron deficiency produced anemia and low iron levels
in organs. Vitamin A deficiency produced low levels of plasma and hepatic retinol, and it induced decreased
plasma total iron-binding capacity and raised iron levels in tibia and spleen. Short- but not long-term iron
deficiency reduced the number of erythroid colonies in spleen; vitamin A deficiency had no influence. Neither iron
nor vitamin A deficiency influenced the myeloid:erythroid ratio in bone marrow smears and the blood reticulocyte
production. Plasma transferrin receptor and erythrocyte zinc protoporphyrin concentrations were not affected by
vitamin A deficiency but increased with iron deficiency. Vitamin A deficiency did not stimulate erythrocyte
breakdown, as indicated by unaltered plasma lactate dehydrogenase activity and reduced plasma total bilirubin
levels. Both vitamin A and iron deficiencies raised the proportion of multiple sialylated transferrins in plasma.
Thus, we have not found evidence that vitamin A deficiency affects erythropoiesis and erythrocyte turnover. The
iron accumulation in spleen and bone marrow may be related to reduced iron transport due to inhibition of
transferrin synthesis rather than inhibition of transferrin sialylation(J. Nutr. Biochem. 11:223-230, 2000)
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Introduction
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ers plasma total iron-binding capacity/1>'®increases iron ~ Table 1 Composition of the diets
absorptior?121% and causes iron accumulation in —
spleert®13-15.163nd bone>1>1%Based on studies in rats, Vitamin A Iron
: : ; - : : Control deficient deficient

we have hypothesizédthat vitamin A deficiency impairs . . . .

LI . . . Ingredients diet diet diet
erythropoiesis, so that mild anemia with malformed red
cells develops. The abnormal erythrocytes could be broken

. . - - . Casein (g) 151 151 151

down at increased rates, causing accumulation of iron in the corm ol (g) o5 o5 o5

macrophages in spleen and bone marrow. The accumulatiorcoconut fat (g) 25 25 25
of iron could lead to low iron transport capacity as indicated Glucose (g) 709.2 709.2 709.2
by a decrease in plasma total iron-binding capacity; or 8‘;”&";339) ?2 . i”g . ?g A
transfe(rm synthesis could primarily be impaired in vitamin NaH,PO, - 2H,0 (g) 151 151 151
A deficiency. . o . ~ MgCO; (9 1.4 1.4 1.4
We have tested this hypothesis in rats fed a diet deficient KCi (g) 1.0 1.0 1.0
in vitamin A. The myeloid:erythroid ratio in bone marrow KHCO; (9) 7.7 7.7 7.7
smears and the number of erythroid colonies in the red pulp\F/‘?SO.4 " TH0 (mg) 4 1ra Tra

o~ L itamin A preparation 8 — 8

of spleen were measured as indices of erythropoiesis. The ",
ratio quantifies the rate of erythropoiesis relative to that of Mineral premix' (g) 10 10 10
myelopoiesis-’ Erythropoietic activity was also assessed by Vitamin premix* (g) 12 12 12

measuring plasma transferrin receptor concentr&ibh
and the reticulocyte index (i.e., the number of circulating *Rovimix A 500®, 150 retinol equivalents/mg (F. Hoffmann-La Roche &
reticu'ocytes corrected for the degree of anemia)_ Red cell Co. Ltd., Basle, Switzerland), consisting of retinyl acetate and retinyl
: ; T ; palmitate.

degradation was e.Stlma.ted . mdlre.CtIy by measuring both TThe mineral premix consisted of (mg): MnO,, 79; ZnSO, - H,O, 33;
plasma total bilirubin, which is derived from breakdown of \iso, - 61,0, 13; NaF, 2; KI, 0.2; CuSO, - 5H,0, 15.7; Na,SeO, -
hemoglobin, and plasma lactate dehydrogenase activity,5H,0, 0.3; CrCl, - 6H,0, 1.5; SnCl, + 6H,0, 1.9; NH,VO,, 0.2; comn
which is in part derived from hemolysté.Functional iron meal, 9,853.2. . o _ . o
deficiency was assessed by measuring zinc protoporphyrin *The vitamin premix consisted of (mg): thiamin, 4; riboflavin, 3; niacin,

hich i fh . h £8T ferri '20; D,L-calcium pantothenate, 17.8; pyridoxine, 6; cyanocobalamin,
which Is a precursor of heme In erythrocyteslransferrin 50; choline chloride, 2,000; folic acid, 1; biotin, 2; menadione, 0.05;
synthesis in vitamin A deficiency might be impaired at the p,|«-tocopheryl acetate, 60; cholecalciferol, 0.025; corn meal,
level of its glycosylatioR'; this possibility was checked by  9,836.125.
determining the sialic acid content of transferrin.

In this study, the impact of vitamin A deficiency was

compared and contrasted with that of iron deficiency so as The third group was transferred to the iron-deficient diet contain-

to facilitate interpretation. Rats were sampled after 12 and jg 3.5 mg added iron/kg feedéble 3. Analyzed iron concen-

70 days of feeding a vitamin A- or iron-deficient diet. It was  rations of the diets were as follows (mg/kg feed): control diet, 45;

anticipated that sampling at the two time intervals would vitamin A-deficient diet, 45; iron-deficient diet, 10. The purified

allow the primary and secondary effects of vitamin A diets were in powdered form and stored at 4°C until used for

deficiency on the indicators of erythrocyte formation and feeding. The animals had free access to feed and demineralized

degradation to be distinguished. water. Feed intakes, corrected for feed spillage, were measured per
cage twice weekly, and individual body weights were measured

. once a week. A controlled light/dark cycle (light on: 6:0G—6:00
Materials and methods pM), temperature (20-22°C), and relative humidity (50—60%)

This study was approved and supervised by the animal welfare Were maintained in the animal room.
officer of Wageningen Agricultural University.

Collection of samples

i ] ) . On days 12 and 70, 12 animals taken from three cages of each
Male Wistar rats (Cpb:WU), derived from a commercial breeder gietary group were sacrificed. For a period of 7 days prior to days
(Harlan CPB, Zeist, The Netherlands), were used. On arrival, the 15 4nq 70, the animals to be sacrificed were housed individually in

rats, aged 3 weeks, were housed in 12 groups of six animals in metabolism cages (314 éw 12 cm). During the last 4 days while

wire-topped, polycarbonate cages (3&522.5X 16 cm) with & 40 \a4s \ere in the metabolism cages, intake of feed and water was
layer of sawdust as bedding. During the pre-experimental period of . o
measured and feces and urine collected quantitatively. Feces were

2 weeks, all rats were fed the didtgble ) without added vitamin - ; . !
; . . .. stored at-20°C until analysis; urine was discarded. Between 9:00
A, butwith adequate iron (35 mg added iron/kg feed). The vitamin and 11:0Qum, heparinized blood was obtained from the nonfasting

A-deficient diet was fed to lower vitamin A stores and thus ; : -
facilitate the development of vitamin A deficiency during the 't by orbital puncture while they were under diethyl ether

experimental period. anesthesia. The blood was stored at 0°C for hematologic exami-
After the pre-experimental period (day 0), the rats were divided Nation and reticulocyte and differential white blood cell counting

into three groups each of 24 rats so that body weight distributions on the same day. The plasma collected was storee2@°C until

of the groups were similar. The rats were then housed in groups of analysis, except for 250L, which was stored at-80°C prior to

four animals in stainless steel cages with wire mesh basex (30 analysis of retinol. Immediately after bleeding, the anesthetized
42 x 19 cm). One group received the control diet. This dieti(le rats were decapitated. The kidneys, liver, spleen, and two hindlegs
1) was formulated according to the nutrient requirements offats.  were removed. The organs were weighed and prepared for histol-
Another group continued to receive the vitamin A-deficient diet. ogy or stored at-20°C until analysis.

Animals, housing, and diets
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Figure 1 Plasma (A) and liver (B) retinol concentrations at days 12 and 70 of the experiment. Bars represent means of 12 animals per group and their
standard error. Differences versus the control group: *P < 0.05; *P < 0.001.

Histologic examination (Roche Nederland, Mijdrecht, The Netherlands). Plasma total

) . . bilirubin, lactate dehydrogenase activity, and aspartate aminotrans-
The right kidney, half of the spleen, and a portion of the left lateral ferase activity were also determined with commercial test kits

liver lobe were fixed in 10% neutralized formalin (Baker, De- (Roche Nederland). Plasma transferrin receptor concentrations

venter, The Netherlands). Slides were prepared and stained with &yere measured as described by Beguin &8 dlransferrin micro-
hematoxylin/eosine solution or by the Perls’ Prussian Blue reac- heterogeneity was determined with an isoelectric focusing tech-

tion (potassium ferrocyanide and neutral red) according to con- pique and densitometRf. Iron was measured by flame atomic

ventional technique¥’ ) , absorption spectrometry following wet ashing with nitric acid for
All slides were examined in a strictly standardized manner by feeq or dry ashing for liver, feces, spleen, left kidney, and tibia.

one person who was blinded to treatment modality. Kidney slides  pjagsma and liver retinol levels were measured by reversed

were examined for the presence of calcification and basophilic phase high performance liquid chromatography (HPLC) as de-

cells, which may represent early stages in the morphogenesis ofscriped by Roodenburg et .

renal neoplasm& In spleen slides the number of erythroid

colonies were counted and liver slides were checked for portal or ‘g .

periportal round cell infiltrations. The location of iron was de- Statistical analysis

scribed only for the histologic slides corresponding to day 70 For each time interval, the groups fed either the vitamin A-defi-

because iron was not detectable in the slides corresponding to daycient or iron-deficient diet were compared with the control group.

12. The histologic variables were quantified as scores (0, 1, 2, or For the continuous variables, contrasts with pooled variances

3) except for the number of erythroid colonies in the spleen and the based on Student'$-test were used for comparison of group

percentage of hepatic iron that was located in macrophages. means; the variables were found to be distributed normally as
Immediately after sacrifice, the right tibia was rid of adhering based on Kolmogorov-Smirnov goodness of fit tests. The effects of

tissue and cut open with a small pair of scissors. The bone marrowthe experimental diets on the histologic scores were evaluated with

was placed directly on a glass slide with a scalpel and gently the nonparametric Mann-Whitney-Rank test. A preReftalue of

spread with another slide held at an angle of approximately 45°C. 5% was used throughout.

After drying, the bone marrow smears were fixed and stained

according to either the May-Gnwald Giemsa (eosin-methylene

blue/azur eosin-methylene blue) staining method or the Kaplan Results

iron staining method (potassium ferrocyanide and saffranin) using . ,. .

conventional techniqueéé. A subsample of bone marrow smears Vitamin A status

was evaluated by differentially counting 300 to 400 cells. The plasma and hepatic retinol levels at day 12 were reduced in
location of iron in the smears was described. the vitamin A-deficient group compared with the control
group Figure 1). After 70 days, liver retinol was undetect-
Hematology able and plasma retinol lowered by 85% in rats given the
Hemoglobin concentration, hematocrit, red blood cell count, mean vitamin A-deficient diet. In the rats fed the low iron diet,
corpuscular hemoglobin concentration, and mean cell volume were plasma, but not hepatic retinol, levels were reduced
measured with a blood cell counter (Model K-1000, Sysmex, (Figure 1).
IJsselstein, The Netherlands). Zinc erythrocyte protoporphyrin was
determined in whole blood with a hematofluorometer (AVIV i ; ;
Biomedical 206, Lakewood, NJ USA). Differential counti(ng of Body weight, organ weights, and feed intake
white blood cells was done in blood smears. In a portion of the There were no diet effects on body weight and weights of
smears, the number of reticulocytes per 1,000 cells was countedkidney, spleen, and tibiaTé@ble 2. Liver weight was
after staining with methylene blue. Reticulocyte production index reduced after either feeding the vitamin A- or iron-deficient
was calculated as described by Hillman and Fifich. diet for 70 days. Feed intake over the period of 67 to 70 days
was reduced in both the vitamin A-deficient (14.3 SE 0.4
g/d,P < 0.001) andron-deficient groups (16.0 SE 0.3 g/d,
Plasma iron concentrations and total iron-binding capacity were P = 0.027),when compared with the control group (17.3
determined spectrophotometrically using a commercial test kit SE 0.5 g/d).

Chemical analyses
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Table 2 Body and organ weights (g)

Day 12 Day 70
Control diet Vitamin A deficient diet Iron deficient diet Control diet Vitamin A deficient diet Iron deficient diet
Body weight 199.7 = 4.9 203.5 = 3.3 193.3 £ 5.2 370375 350.8 = 7.8 371779
Liver 9.33 = 0.31 9.23 = 0.29 8.51 = 0.26 12.28 + 0.44 10.05 + 0.20° 11.34 = 0.222
Kidney 0.75 = 0.03 0.75 = 0.01 0.70 = 0.02 0.97 = 0.08 1.05 = 0.02 1.03 £ 0.02
Spleen 0.54 = 0.04 0.48 = 0.02 0.48 = 0.03 0.64 = 0.03 0.57 = 0.03 0.66 = 0.04
Tibia 0.275 *= 0.007 0.277 = 0.004 0.268 = 0.006 0.462 = 0.012 0.482 = 0.019 0.467 = 0.018

Means are given with standard errors of the mean (n = 12). Organ and tibia weights refer to wet weight. When values differ significantly from the control
group within time intervals, this is indicated as ®P < 0.05, °P < 0.001.
Mean body weight at day O was 128.7 = 2.6 g.

Histology of organs between the dietary groups. Iron was located mainly in the

erythropoiesis, and liver and kidney slides were studied to .\ qitive stain was associated with the appearance of
detect any pathologic changes. Special attention was paid to

X s . calculi, both in the medulla and the cortex. The presence of
possible calculi in kidney, because bladder and kidney stonej on was not different between the vitamin A-deficient
formation may be stimulated by lack of vitaminZ&28The dth |
location of iron in kidney, liver, and spleen slides was group and the control group. ;
described because it could rovi,de clues as to mechanism Extramedullary erythropoiesis was estimated by count-

. ; ; prov R ang erythroid colonies in the red pulp of the spleen. Splenic
that underlie the impairment of iron metabolism in vitamin erythropoiesis was more pronounced at day 12 than at day
A deficiency. No iron was detected in all slides from the 745" ¢ the eyperiment. The number of erythroid colonies,
iron-deficient group. Lo - however, was relatively low in the iron-deficient rats at day

Immunologic activity as indicated by round cell infiltra- 12 (P < 0.001), aneffect that disappeared at day 70. No
tions with or without cell necrosis was seen both at the oot of vitamin A deficiency on extramedullary erythro-
portal site of the liver lobules and in the region of the o a5 detected. Splenic iron was located in the
terminal veins. There was no effect of diet on the incidence macrophages: no influence of vitamin A deficiency was
of round cell infiltrations. Iron was detectable only in the observed '
control and vitamin A-deficient groups and at day 70 of the '
study only, most of it being located in the Kupffer cells.
Only a small percentage (2.5%) of the iron was in the
hepatocytes; this percentage did not differ between theln the group fed the low iron diet, blood hemoglobin,
vitamin A-deficient and control groups. hematocrit, and mean cell volume were decreased, whereas

Calcification and basophilic cells were seen in the zinc protoporphyrin was increasetiable 3. Red blood cell
kidneys of all three groups at the two time intervals, the count was increased and mean corpuscular hemoglobin
incidences increasing with age. There were no differencesconcentration decreased after 70 days of feeding the low

Iron status

Table 3 Hematologic indices

Day 12 Day 70
Vitamin A Iron Vitamin A Iron
Control deficient deficient Control deficient deficient
diet diet diet diet diet diet
Hemoglobin (mmol/L) 8.51 £ 0.07 8.38*0.10 7.38 £0.11° 948 +0.07 9.61+0.09 810 *0.16°
Hematocrit 0.43 £ 0.006 0.43 £0.005 0.37 £0.007¢ 0.49 £0.004 0.49 +£0.006 0.43 = 0.007¢
Red blood cell count (x 10"2/L) 6.5+ 0.1 6.2 + 0.1 6.2 = 0.1 7.8+ 0.1 7.9+ 0.1 8.2 +0.1°
Mean cell volume (fL) 66 = 0.8 69 + 0.9 60 = 0.9° 63 + 0.8 63 + 0.8 53 +1.3°
Mean corpuscular hemoglobin concentration  19.9 = 0.1 19.7 £ 0.1 19.9 + 0.1 19.3 + 0.1 19.5 £ 0.1 18.9 = 0.1°
(mmol/L)
Zinc protoporphyrin concentration 0.32 = 0.01 0.31 = 0.01 0.37 = 0.01°  0.80 = 0.01 0.30 = 0.01 0.42 = 0.02°
(mmol/mol Hb)
Reticulocytes (% of red cell count) 0.01 £0.006 0.03 +0.004% 0.02 +£0.004 0.04 £0.007 0.03 +£0.006 0.04 + 0.004
Production index* 1.0+ 0.6 3.0 =05 1.3+£02 3.7+06 3.4*+06 21*+03

*Reticulocyte production index was calculated as {(reticulocytes X 100) X Ht/normal Ht}/maturation index, with normal hematocrit (Ht) taken to be 0.43
at day 12 and 0.49 at day 70. Maturation index, a measure for the prolongation of maturation time of circulating blood reticulocytes that occurs with
anemia, was 1 for control and vitamin A deficient groups and 1.5 in iron deficient groups.?®

Means are given with standard errors of the mean (n = 12 except for reticulocytes: d12,n = 4 and d70, n = 6). When values differ significantly from
the control group within the time interval, this is indicated as ®P < 0.05, PP < 0.01, °P < 0.001.
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Table 4 Plasma measures of iron status

Day 12 Day 70
Control Vitamin A Iron Control Vitamin A Iron
diet deficient diet deficient diet diet deficient diet deficient diet
Plasma iron (umol/L) 459 =22 40.0 + 1.8 14.0 £ 1.0° 34.8+1.0 355+ 1.0 26.6 + 2.5°
Total iron binding capacity (wmol/L) 1009 £ 2.2 98.8 + 2.3 125,56 + 2.8° 97.7 1.9 90.1 = 1.7° 121.2 £ 2.1°
Transferrin saturation (%) 458 + 2.7 40.7 = 2.0 11.3 £ 1.0° 35.7 0.9 39.5+1.2 22,2 +2.2°

Plasma transferrin receptor concentration 3,333 = 165 3,233 £ 282 4,242 + 3192 2,356 = 193 2,216 = 159 3,733 = 261°
(ng/mL)

Means are given with standard errors of the mean (n = 12). When values differ significantly from the control group within time intervals, this is indicated
as °P < 0.05, PP < 0.01, °P < 0.001.

iron diet. Feeding the vitamin A-deficient diet had no range considered norn?di*so that the rats used appeared
significant effect on hematologic indices, except for the to be free of infection.
increase in reticulocyte count at day 12.
Plasma iron concentrations at day 12, but not at day 70, Bone marrow smears
were reduced in rats fed the vitamin A-deficient di€alble ) _ _ o
4). Feeding the low iron diet produced low plasma iron The _results of differential c_eII counting and localization of
concentrations at both days 12 and 70, lower concentrationifon in bone marrow are given ifiable 6 All values are
being greater at day 12. Total iron-binding capacity at day Within limits considered normaf-** No differences be-
70 was significantly reduced in vitamin A-deficient rats. tween the dietary groups could be detected. Iron-positive
Total iron-binding capacity and plasma transferrin receptor Stain was not detectable in bone marrow slides from the
levels were increased, whereas transferrin saturation wadron-deficient rats.
reduced after consumption of the low iron diet.
Iron concentrations of liver, kidney, spleen, and tibia Indicators of erythrocyte breakdown and liver
were reduced after 12 and 70 days feeding the low iron diet gamage
(Table 5. The iron concentration of liver at day 12 and that . o
of both spleen and tibia at day 70 was significantly Plasma lactate dehydrogenase activity, an indicator of
increased in the vitamin A-deficient group. erythr_ocyte deg_radatlon, was not affecte_d t_)y feeding the
In the control and vitamin A-deficient groups the effi- ex_perl_mental diets, W_hereas_ the_ other !n_dlcator, plasma
ciency of iron absorption was similar and decreased with bilirubin, was reduced in the vitamin A—def|C|e_nt group, but
time (Figure 2. In the rats with iron deficiency the only at day 70 Table 7. Plasma aspartate aminotransferase

percentage of dietary iron absorbed was raised. activity, an index of tissue damage, especially liver dam-
age3* was not affected by diet type, except for the small
Blood smears increase at day 70 that was seen in the iron-deficient group.

Differential counting of white blood cells was performed to
indicate signs of infection. Vitamin A deficiency enhances
the severity of infectiof® The leukocyte composition in  The relative occurrence of the 1-, 2-, 3-, and 4-sialo
blood smears was as follows: basophils, 0%; eosinophils, transferrin fractions in plasma is given Trable 8 Feeding
0.5% (range 0-3%); band cells, 0%; polymorphonuclear the experimental diets for 12 days did not affect the pattern
cells, 15.5% (range 2-36%); lymphocytes, 84% (range of sialo transferrin fractions. However, after 70 days of
64-98%); and monocytes, 0%. There were no systematicfeeding either the vitamin A-deficient or iron-deficient diet,
differences between dietary groups or between time inter- there was a significant increase in {3 4) sialated trans-
vals. The differential counts of each animal were within the ferrins at the expense of (+ 2) sialated transferrins as

Transferrin microheterogeneity

Table 5 Iron concentration in tissues (wmol/g dry weight)

Day 12 Day 70
Vitamin A Iron deficient Vitamin A Iron deficient
Control diet deficient diet diet Control diet deficient diet diet
Liver 3.92 = 0.26 5.62 = 0.56° 2.00 *= 0.23° 8.01 = 0.66 8.68 = 0.32 2.35 + 0.69°
Kidney 4.47 +0.18 4.36 = 0.17 3.26 = 0.10° 6.27 = 0.45 5.39 = 0.43 3.41 = 0.20°
Spleen 10.74 = 0.49 12.14 = 0.69 8.63 + 0.54% 29.75 £ 1.77 44.61 = 6.35° 10.60 = 0.34°
Tibia 1.12 £ 0.04 1.20 + 0.04 0.78 = 0.03° 1.28 = 0.04 1.55 + 0.08° 0.80 = 0.05°

Means are given with standard errors of the mean (n = 12). When values differ significantly from the control group within time intervals, this is indicated
as P < 0.05, °P < 0.01, °P < 0.001.
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80 deficiency did decrease total iron-binding capacity and
increased the amount of iron in tibia and spleen, where it
< 70 was localized mainly in macrophages. The deficiencies of
: 60 Ml control vitamin A and iron that were induced may be considered
S 50 relatively mild. In the deficient rats, body weight gain was
a 722 vitamin A not affected and the kidneys and liver of these rats did not
o 40 deficient show pathologic changes that differed from those in the
< 30 Iron control rats. _ o N _ _
c 20 deficient We ha\_/e hypothes[zed_that vitamin A_ deficiency impairs
o erythropoiesis, resulting in the formation of abnormally
= 10 shaped red cells. However, neither hemoglobin concentra-
0 tion nor mean cell volume or mean corpuscular hemoglobin
Days 8-12 Days 67-70 concentration were influenced by vitamin A deficiency.
. . There was no evidence for changes in extramedullary
Fhigureh2 Aﬁ)pﬁrent iron absorgnon fordagsgthroughmalnd Idayg 67 erythropoiesis, as assessed by counting the number of
through 70 of the experiment. Apparent absorption was calculated as . . . . g .
iron ingested minus that excreted in feces and expressed as percent- erythr0|d COIc_mIeS in spleen. In rats with mild "jon defi .
age of intake. Bars represent means of 12 animals per group and their ciency anemia, aged 18 weeks, there was an increase in
standard error. Differences versus the control group: *P < 0.001, early erythroblasts in spleéf.However, the number of
erythroid colonies in the red pulp of spleen was decreased at
illustrated by the decreased{12)-sialo transferrin:(3+ 4)- day 12 in the |ron-de_f|C|ent rats. Itis pOSS|_bIe that acute and
sialo transferrin ratio long-term effects of iron deficiency anemia on extramedul-

lary erythropoiesis differ. The differential counting of bone
) _ marrow cells, with results within the normal rangje®?

Discussion revealed no effect of diet on the myeloid:erythroid ratio.
In essence, the observed effects of feeding the diets defi-The lack of effect of iron deficiency was unexpected
cient in vitamin A or iron confirmed our earlier find- because this condition is known to increase erythropoietic
ings1315The low iron diet produced anemia within 12 days, activity 2 In any event, it can be concluded that contrary to
reduced plasma and organ iron concentrations, and in-our hypothesis, we were not able to demonstrate an effect of
creased apparent iron absorption and total iron-binding vitamin A deficiency on erythropoiesis.
capacity. In contrast to our previous stutfyyitamin A Further measurements also indicated that vitamin A
deficiency in this study did not lower blood hemoglobin deficiency did not influence the activity of the erythropoi-
levels. However, the iron and vitamin A status of the rats in etic system. Transferrin receptors in the body are mainly
the present study, as indicated by the higher liver iron storessituated in bone marrow and circulating plasma transferrin
and slower progress of vitamin A deficiency, was higher receptor concentration is a measure for erythropoietic ac-
than that in the previous study.Nevertheless, vitamin A tivity.*® As would be expected, plasma transferrin receptor

Table 6 Differential cell counts and location of iron-positive stain in bone marrow smears (% of total cells)

Day 12 Day 70
Vitamin A Iron deficient
Control diet Control diet deficient diet diet
Total erythropoietic cells 29.0 = 6.3 325+ 35 29.3 4.6 27.8+43
Total myelopoietic cells 425 7.0 43.0 = 6.9 50.3 + 6.4 47.3 £ 3.3
Myeloblasts 43 +0.9 38=*x1.2 1.8 0.3 45+1.2
Promyelocytes 1.3£03 1.3+ 0.6 1.5+0.8 1.3+ 0.6
Myelocytes 20=*x13 25+0.3 43+15 43+13
Metamyelocytes 1.8*1.0 0.0 £0.0 25x1.4 1.3+03
Bandcells 7.3*x11 7.0x0.8 7.8*x17 85*x15
Segmented neutrophils 23.0 = 6.3 253 +57 30.0 8.2 255+ 26
Eosinophils 3.0+13 3.3+09 25+0.8 20=*x038
Basophils 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Lymphocytes 27.0 = 6.9 22076 18.3+7.8 19.3 7.5
Plasma cells 0.0+0.0 0.0+ 0.0 0.0+0.0 0.8+ 0.6
Monocytes 0.8+ 0.6 1.3 +0.3 0.8+ 0.6 1.8 0.6
Myeloid:erythroid ratio 1.7+ 0.6 1.4 =03 1.8 +0.3 1.8+0.2
Iron located in
Reticuloendothelium Trace +4+/+ ++ Negative
Sideroblasts + Trace Trace Negative
Siderocytes + Trace Negative Negative

Means are given with standard errors of the mean (n = 4 or 6).
Mast cells and megakaryocytes were not included in the differential counting of 300 to 400 cells per bone marrow smear.
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Table 7 Plasma total bilirubin concentration, lactate dehydrogenase, and aspartate aminotransferase activity

Day 12 Day 70
Vitamin A Iron deficient Vitamin A Iron deficient
Control diet deficient diet diet Control diet deficient diet diet
Total plasma bilirubin concentration (wmol/L) 154 +1.9 145 +1.4 16.4 1.8 183922 8.1 +0.9° 1.4 =11
Plasma lactate dehydrogenase activity (U/L) 1496 = 105 157.7 £146 166.3 =31.8 2459+ 193 247.7 £26.8 2085 *=8.6
Aspartate aminotransferase activity (U/L) 62.7 = 5.5 65.5 = 5.0 78.0 = 6.6 539+ 15 50.5 = 2.6 61.4 +1.8

Means are given with standard errors of the mean (n = 12). When values differ significantly from the control group within time intervals, this is indicated
as °P < 0.05.

concentration was increased with iron deficieAgy®How- mechanism involved is still unclear. We found evidence for
ever, transferrin receptors in plasma were not affected by enhanced rather than reduced glycosylation in vitamin A
vitamin A status. In the vitamin A-deficient rats, the blood deficiency, because the proportion of higher sialylated
reticulocyte index was raised at day 12, but was unaltered attransferrin was increased. Iron deficiency had a similar
day 70. influence. The physiologic basis of transferrin microhetero-
The rate of breakdown of red cells was assessed bygeneity is obscure, but transferrin with low sialic acid
measuring plasma lactate dehydrogenase activity andcontent is associated with increased iron turnover and
plasma total bilirubin concentratiord.Lactate dehydroge- increased iron in hepatocyt®$.Thus, a high degree of
nase was not affected by the diet, and the bilirubin level was sialylation could point to iron sparing, which would be
reduced rather than raised after feeding the vitamin feasible for the condition of iron deficiency. However, this
A-deficient diet. Thus, vitamin A deficiency cannot be is difficult to see in vitamin A deficiency with iron accu-
shown to stimulate red cell degradation when measured mulation in macrophages of the reticuloendothelial system.
either indirectly or with radioisotopesdisproving our It may be that iron is less available in vitamin A deficiency,
hypothesis. This statement seems to be at variance withwhich triggers iron sparing. Glycosylation and synthesis of
the observation that iron had accumulated in spleen andtransferrin could be regulated independehtlywhereas
especially in bone marrow in the vitamin A-deficient rats. there is evidence that in vitro transferrin gene transcription
Iron may have been trapped in the macrophages and thuds stimulated by vitamin A243 Thus, the low plasma
unavailable for heme production, but in that case eryth- iron-binding capacity in vitamin A deficiency could relate
rocyte protoporphyrin should be increased, as a measureto inhibition of transferrin synthesis at the level of transcrip-
of functional iron deficienc$® as was seen in the iron- tion.
deficient rats. With vitamin A deficiency, there was no In conclusion, we have found no evidence for impaired
increase in erythrocyte protoporphyrin concentration so erythropoiesis or increased red blood cell turnover in rats
that sufficient iron may have been available for erythro- with vitamin A deficiency. However, the dynamic processes
poiesis. were measured only indirectly and qualitatively. Ferroki-
Vitamin A deficiency could reduce transferrin synthesis, netic studies might be more informati¥.In this study
as indicated by the low plasma iron-binding capacity. To see there was no anemia in vitamin A deficiency, which could
whether transferrin glycosylation is affected by vitamin A, have prevented changes in erythropoiesis and erythrocyte
microheterogeneity of the transferrin molecules was deter- turnover. However, the marginal vitamin A deficiency that
mined. Vitamin A may assist in glycosylation of transferrin, was induced did lead to the accumulation of iron in spleen
as has been found in in vitro syste’s’—2° but the and bone marrow.

Table 8 Relati f sialo-t ferri fracti % d th i L+2 sialo-Tf
able elative occurrence of sialo-transferrin (Tf) fractions (%) and the ratio 372 sialoTt
Day 12 Day 70
Vitamin A Iron deficient Vitamin A Iron deficient
Control diet deficient diet diet Control diet deficient diet diet
1 sialo-Tf 29=*+0.2 35 =*+0.2 3.8 0.3 2.6 = 0.3 24 0.2 2.0 0.1
2 sialo-Tf 60.5 = 0.8 59.8 = 0.6 59.6 = 1.0 63.7 = 1.0 60.0 = 1.0 59.6 + 0.9
3 sialo-Tf 31.3 0.5 31.3 0.6 316 1.0 29.7 £ 0.7 32.7 = 0.8 33.2+0.7
4 sialo-Tf 53*0.3 55+0.2 51*04 4.0+0.3 49 +0.2 52+0.3
1+2 sialo-Tf 1.74 = 0.05 1.73 = 0.05 1.76 = 0.10 1.99 = 0.08 1.68 + 0.072 1.62 = 0.06%
3+4 sialo-Tf
1+2 sialo-Tf

Means are given with standard errors of the mean (n = 10-12). When the ratio differs significantly from the control group at within the

3+4 sialo-Tf
time intervals, this is indicated as ?P < 0.01.
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