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ABSTRACT 

Objectives of this research were to produce a chromium 

(Cr) deficiency in rats in our laboratory as assessed by 

glucose removal rate and to determine if phytate would 

exacerbate the chromium deficiency state. 

Weanling male Sprague-Dawley rats were randomly assigned 

to one of 5 dietary groups: negative control without added 

chromium or phytate, low sodium phytate with 0.8% phytate, 

high sodium phytate with 2.8% phytate for 3 weeks then 1.4% 

phytate, calcium phytate with 1.8% phytate, or 5 parts per 

thousand chromium (chromic chloride) added to the diet. 

Intravenous glucose tolerance tests were performed during 

weeks 5, 7, and 9, and non-fasting plasma glucose values 

were determined during the final week of the study. 

Results showed that plasma glucose removal rates indic

ative of impaired glucose tolerance were produced. The rats 

fed calcium phytate seemed to exhibit the lowest glucose 

removal rate (1.9%/min) despite the high dietary chromium 

content (737 ppb). However, there were no significant dif

ferences (p<0.05) between groups in week 9. The group fed 

excessive chromium did not maintain a normal removal rate 

throughout the study. Negative controls showed the highest 

mean non-fasting plasma glucose level of 166+7.20 mg/dl. It 

was significantly higher (p<0.05) than the values of the 

iv 



excessive chromium group (144+5.02 mg/dl) and the high 

sodium phytate group (138+2.50 mg/dl). 

Thus, it appears that a chromium deficiency was pro

duced in our laboratory as assessed by plasma glucose removal 

rate and that phytates may make chromium unavailable for 

absorption. 

V 



LIST OF TABLES 

1. Composition of Basal Diet 15 

2. Plasma Glucose Removal Rates for Dietary Groups 
in Preliminary Studies 22 

3. Mean Body Weights in Grams for Dietary Groups 

During Preliminary Studies 24 

4. Phytate and Chromium Content of Diets 25 

5. Plasma Glucose Removal Rates for Groups in 
Study 3 28 

6. Program Specifications Used With the Flameless 
Atomic Absorption Spectrophotometer 4 5 

VI 



CHAPTER I 

INTRODUCTION 

The role of trace minerals in human nutrition has 

become a topic of increasing interest in recent years to 

the scientific community and to the public. Chromium, 

one of the trace elements, has been shown to be essential 

for humans and most laboratory animals. 

Chromium is involved in aspects of carbohydrate, pro

tein, and lipid metabolism. The most prominent sign of 

chromium deficiency is impaired glucose tolerance. Dif

ficulties with chromium analysis and incomplete knowledge 

about the bioavailability of different chemical forms have 

hindered the assessment of the population's chromium status. 

Current information does indicate that metabolism and bio

logical activity of chromium appear to be determined not 

only by its valence state, but also by its chemical environ

ment. 

Evidence indicates that either natural or synthetic 

chelating agents play an important role in biological sys

tems. Phytic acid, a natural chelating agent found in 

oilseeds and cereal grains, has been implicated in the 

binding of chromium and other minerals in the intestine, 

making them unavailable for absorption. 



Thus, the objectives of this study were: 

1. to produce a chromium deficiency in rats in our 

laboratory as assessed by plasma glucose removal 

rate; and 

2. to determine if calcium or sodium phytate would 

bind chromium, exacerbating a chromium deficiency 



CHAPTER II 

REVIEW OF LITERATURE 

Chromium 

The essentiality of chromium in animal nutrition was 

established in 1955 when Mertz and Schwarz observed a sig-

nigicant impairment in intravenous glucose tolerance tests 

in rats fed a Torula yeast based diet (1). Because the 

diet also produced necrotic liver degeneration, the sub

stances, such as Vitamin E, selenium, factor 3, and certain 

amino acids, which protect the liver against the disease, 

were administered without effect on the impaired glucose 

tolerance (2). The existence of a new dietary agent, glu

cose tolerance factor (GTF), was proposed (3), and trivalent 

chromium was identified as the active ingredient (4). 

Since its discovery as an essential mineral, chromium 

has been found to have a number of functions in laboratory 

animals and humans. Chromium deficiency is characterized 

by disturbances in glucose metabolism (5-7), lipid metabo

lism (particularly cholesterol homeostasis) (8-13), and 

protein synthesis (14). Impaired growth has been demon

strated in a strictly controlled clean environment (15) 

and when chromium-deficient animals were subjected to the 

added stress of a low protein diet (16). 



Biochemistry 

Chromium may occur in oxidation states from -2 to +6, 

but +2, +3, and +6 are most common (17, 18). The trivalent 

is the most stable oxidation state. It is the only form 

that exhibits biological activity and occurs in food (17-19) 

Chromium (III) reacts with many ions and molecules to form 

coordination coirpounds (17, 18, 20). Some common coordi

nating agents are water, ammonia, acid radicals, and dike-

tones (18, 20). Trivalent chromium has a strong tendency 

to coordinate in aqueous solutions and to form olated com

plexes, particularly under the conditions of heat and 

alkaline pH commonly found in biological systems (17, 18, 

20). De-olation is extremely slow and generally requires 

high concentrations of strong coordinating agents (20). 

Complex or chelate formation with ligands prevents elation 

in biological systems (18, 20). 

Chromium metabolism 

r . . 
^ The initial step in the metabolism of chromium is 

absorption. Estimates of absorption of oral doses of 

chromium chloride range from 0.5 to 3% (18, 21-25). 

Recently, however, Polansky et al. found that 5 to 10% 
51 of chromium chloride given to rats via stomach tube was 

absorbed within 5 minutes but the majority of the chromium 

was retained for less than one hour (26). Previous dietary 



history or dose level of chromium did not appear to have an 

effect on the degree of absorption, retention, or utiliza

tion of chromium (26, 27). It has been postulated that 

the poor absorption of chromium is due to the strong ten

dency of the element to olate\(20). 

^Chromium chloride absorption appears to occur by a 

mechanism similar to "facilitated diffusion" with a limited 

number of absorption sites specific for chromium (23). The 

presence of other ions including iron, calcium, manganese, 

51 

and titanium depressed the absorption of chromium, sug

gesting competition for a common transport site (23). Also, 

absorption and intestinal uptake of chromium was increased 

in zinc-deficient rats. Oral zinc supplementation prevented 

this increase while chromium administered orally with zinc 

decreased absorption and intestinal uptake of the zinc (28). 

The midsection of the small intestine appears to be the most 

diffusible segment for chromium, followed by the ileum and 

duodenum (29) .\ 

'Once absorbed into the body, chromium is transported 

in the blood by siderophilin, a component of the B-globulin 

fraction (18, 30). Chromium in the cell is concentrated 

primarily in the nuclei (31) and has been found to be closely 

associated with ribonucleic acid (32). Chromium is found 

in most body tissues and tissue concentrations have been 

found to vary with the chemical nature of the compound. 



geographic location of the population, and species of ani

mal. Tissue chromium concentration declines with age (23, 

33-37). Excretion of chromium appears to occur mainly in 

the urine (38). Obligatory losses of chromium have been 

estimated to be 0.5 to 1.0 yg/day in man (39), although 

diabetics have been reported to excrete larger amounts 

(40-42). 

Glucose metabolism 

A prominent feature of chromium deficiency in rats is 

impairment of glucose tolerance, i.e., delayed removal of 

glucose from the bloodstream after a glucose challenge (24, 

43). Concentrates of GTF, a proposed natural chromium com

plex, intubated as a single dose of 50 to 100 yg/lOO g body 

weight restored impaired blood glucose removal rates (2). 

Trivalent chromium compounds injected intravenously produced 

similar results with 0.1, 0.25, and 0.5 yg chromium per 100 

g body weight (24). Glucose removal rates were improved from 

a mean of 1.8 to 3.2, 3.5, and 3.3% per minute, respectively 

(24). 

Reduction in both fasting and non-fasting blood glucose 

levels has been reported with chromium supplementation. Two 

parts per million chromium acetate in drinking water improved 

fasting serum glucose levels in chromium-deficient mature 

male rats from 137,2 mg/dl to 116.6 mg/dl (44, 45). Rats 

fed from weaning for 8 weeks on a semi-purified diet had a 



mean fasting plasma glucose of 62,5 mg/dl when supplemented 

with 5 ppm chromium acetate versus 83 mg/dl for the unsup-

plemented group (46). Another laboratory reported mean 

glucose removal rate of 1.12% per minute in chromium-

deficient rats with improvement to 3.5% per minute when 

5 ppm chromic chloride was added to drinking water (47). 

In normal mice a single intraperitoneal injection of 5 mg 

brewer's yeast extract (2.7 yg chromium) reduced the non-

fasting plasma glucose concentration from 196 to 120 mg/dl, 

from 179 to 111 mg/dl, and from 186 to 119 mg/dl four hours 

after the injection (48-50). 

Insulin 

The effect of chromium on glucose tolerance is closely 

related to the action of insulin (51). In an early study, 

insulin and chromium (III) together produced a considerable 

increase in mitochondrial swelling but were ineffective at 

the same concentrations individually (52). It was postu

lated that trace amounts of chromium facilitated a tissue-

insulin interaction by forming a ternary complex (52). This 

proposed relationship between chromium and insulin was fur

ther supported by Christian et al, (53) and Evans and co

workers (54). Recently, in humans, reduced endogenous 

insulin release in response to a 100 g oral glucose load 

was reported by all of the hyperglycemic subjects and by 7 3% 
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of the control group after 3 months of supplementation with 

5 g brewer's yeast extract providing 4 yg chromium daily 

(11) . 

Chromium requirements and sources 

\The minimum daily requirement for chromiiom has not been 

determined for animals or humans because of incomplete knowl

edge of the bioavailability of chromium in food and inade

quate methodology for chromium analysis (6, 19). However, 

chromium has been included in the 19 80 revision of the 

Recommended Dietary Allowances of the Food and Nutrition 

Board of the National Academy of Sciences—National Research 

Council in a table of estimated safe and adequate daily 

dietary intakes for selected minerals and vitamins (55). It 

has been estimated that in man an intake of 50 to 200 yg, 

depending on the chemical nature of the chromium, is neces

sary to compensate for the estimated daily loss of 0.5 to 

1. 0 lig and an overall 1. 0% absorption efficiency of dietary 

chromium (39, 55) .3 

Although a number of reports of the total chromium con

tent of human foods exist (33, 56-61), many are not useful 

because of advances in analytical methodology and because 

biological activity and absorption of chromium are dependent 

on chemical form (6, 19, 62, 63). \Appreciable losses of 

chromium have been demonstrated in the refining and process

ing of food .J Chromium concentration is diminished with 

file:///Appreciable


further processing of sugar (57, 64, 65). Masironi and co

workers (64) reported the following mean values: molasses 

266, unrefined sugar 162, brown sugar 64, and refined (white) 

sugar 2 0 ng chromium per gram. The recovery of chromium in 

white flour was calculated as 35 to 44% when compared with 

the unrefined wheat grain in one study (66). 

The American diet is thought to contain inadequate 

amounts of chromium, chiefly because of the amount of re

fined carbohydrates consumed (6, 34, 67). Chromium intakes 

have been estimated to be between 50 and 100 yg per day in 

Western diets, although some diets which contained adequate 

amounts of other nutrients were found to be low in chromium 

(55, 56, 68-70). 

Phytic Acid 

Increasing awareness of health problems in the United 

States, such as elevated blood cholesterol levels and 

diseases of the colon, as well as rising prices of tradi

tional sources of protein have led to an increased consump

tion of whole grain cereals and oil seed proteins. These 

foods contain non-digestible portions such as fiber and 

phytates which are thought to exert a beneficial effect on 

the health problems mentioned but which may alter the avail

ability of other nutrients (71). 
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Biochemistry 

Phytic acid (myo-inositol 1,2,3,4,5,6-hexakis dihy-

drogen phosphate) is a phosphorous storage compound found 

in seeds and whole grains (71-7 3). The chemical structure 

of phytic acid has not been precisely established due to 

the isomeric conformation of 3 strongly bound water mole

cules into the structure (73-75). Chelation of cations 

could occur between two phosphate groups or more weakly 

within a phosphate group(74). At pH 7.4, sodium phytate 

formed complexes with metals in the following decreasing 

order: Cu , Zn , Ni , Co , Mn , Fe , and Ca (76). 

Phytic acid sources 

Phytic acid concentration is about 1.0% in whole grains 

and at least 1.5% in defatted and dehulled oilseed meals 

(73, 74, 77-79). In most phytic acid-containing plants, 

the compound is associated with specific seed components 

(73, 74). In wheat and rice kernels the germ and outer 

layers contain the largest concentrations, while the endo

sperm has almost no phytic acid (74, 80). In oilseeds the 

phytates are distributed throughout the kernel in subcellu

lar structures called aleurone grains or protein bodies 

(81). The phytic acid has been found to occur primarily as 

the potassium-magnesium salt in wheat and oilseeds (82, 83). 

The phytate content of processed grains and oilseeds 

varies with the degree of disruption of phytate-rich 
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structures during processing, the solubility characteristics 

of the surrounding proteins, and the solubility of the phy

tate salt (81). The majority of the phytate is removed 

during the milling of wheat and rice, but it may become con

centrated in high protein flours prepared by remilling se

lected by-products (84). Processes for removing phytate 

from soy protein have been developed, but are not used com

mercially (85, 86). Processing methods commonly used form 

insoluble protein-phytic acid-mineral complexes (72, 77). 

Nutritional implications 

Data from many animal experiments have suggested that 

phytic acid in plant foods binds dietary minerals making 

them unavailable for absorption. One percent sodium phytate 

added to a purified diet inhibited growth and greatly reduced 

absorption of zinc, copper, iron, and manganese in rats (87). 

Growth rates and plasma and hair zinc concentrations were 

depressed in rats fed textured vegetable protein diets (88, 

89). 'Oberleas (90) found that zinc formed an insoluble salt 

of phytate at the pH of the upper small intestine. Morris 

and Ellis (91) reported that the decreased accumulation of 

zinc in femurs and the depressed growth in rats fed semi-

purified diets with added phytate were influenced by dietary 

calcium levels. Other investigators indicated that high 

calcium intake inhibited the oxidation of phytic acid making 
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it more available to bind other minerals (92). Two and a 

half to 10% sodium phytate in the purified diets of rats 

resulted in the development of a magnesium deficiency with 

severe illness (93). 

Chen and co-workers (29) studied the effect of chelat

ing agents on chromium absorption in rats. They found that 

-4 a 1 X 10 M concentration of phytate significantly decreased 

(p<0.05) and oxalate significantly increased the transport of 

chromium from mucosal to serosal fluid in an everted gut sys

tem. Citrate and ethylenediamine tetraacetic acid (EDTA) 

51 showed no significant effect. When a mixture of chromium 

-4 chloride and 1 x 10 M phytate was given orally to rats, 

the radioactivity in the blood at 12 and 24 hours and in the 

24-hour urine collection was significantly reduced (p<0.001) 

from the control levels (29). 

Other studies, however, found no association between 

phytate content and mineral bioavailability. Rats consum

ing a soy protein-based diet showed no significant effect 

on magnesium levels of serum or bone ash (94). In another 

experiment the availability of iron from seeds did not 

correlate with the phytate content of the seeds consumed; 

iron was more available from mature seeds which contained 

about 3 times as much phytic acid as the immature seeds 

(95) . 

Phytic acid is not totally responsible for reduced 
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mineral availability. Fiber, insoluble polysaccharides, 

oxalates, phenolic compounds, and other substances have 

also been shown to interfere with mineral absorption 

(71-73). 



CHAPTER III 

METHODS AND PROCEDURES 

Animals 

From weaning at 21 days of age, male Sprague-Dawley 

rats were maintained on a 3 0% Torula yeast low-chromium diet 

as outlined in Table 1. Sodium phytate was added to the 

diet of one group at 1.73% (0.8% phytate), and to another 

group at 6.9% (2.8% phytate) with a subsequent reduction to 

3.45% (1.4% phytate) because of inadequate weight gain. A 

2 third group received 6.15% calcium phytate (1.8% phytate) 

in their diet throughout the study. Five parts per thousand 

as chromic chloride was added to the diet of another group. 

The intent was to have a positive control with 5 ppm chro

mium, but a calculation error resulted in the excessive 

chromium level. Added phytate and chromium replaced sucrose 

in the basal diet. Animals were housed individually in sus

pended galvanized mesh cages with free access to diet in 

glass feed cups and distilled water through glass sipper 

tubes. Animals were weighed at least once a week. 

Intravenous glucose tolerance tests were performed dur

ing weeks 5, 7, and 9 of the study. After a 16- to 18-hr 

Sodium phytate. Sigma Chemical Company, St. Louis, MO 

2 
Calcium phytate. United States Biochemical Corp., 

Cleveland, OH. 

14 
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TABLE 1 

COMPOSITION OF BASAL DIET 

Ingredient % of Diet 

Torula yeast^ 30.0 

Methionine 0.3 

Sucrose 60.2 

Corn oil 5.0 

e 
Mineral mixture 3.5 
Vitamin mixture i.o 

Torula dried yeast, USP XIX, type B, St. Regis Paper 
Corp., Rhinelander, WI. 

DL-methionine, United States Biochemical Corp., Cleve
land, OH. 

^Granulated sugar, California & Hawaiian Sugar Company, 
San Francisco, CA. 

Mazola, Best Foods, Englebrook Cliffs, N.J. 

®AIN mineral mixture 76, United States Biochemical 
Corp., Cleveland, OH. calculated to supply mg of compound 
per kg diet; calcium phosphate dibasic 17,500, sodium chlo
ride, 2,590, potassium citrate monohydrate 7,700, potassium 
sulfate 1,820, magnesium oxide 840, manganous carbonate 123, 
ferric citrate 210, cupric carbonate 11, potassium iodate 
0.35, sodium selenite 0.35. 

AIN vitamin mixture 76, United States Biochemical 
Corp., Cleveland, OH. calculated to supply amount per kg 
diet; thiamine 6 mg, riboflavin 6 mg, pyroxine 7 mg, nico
tinic acid 30 mg, pantothenic acid 16 mg, folic acid 2 mg, 
biotin 0.20 mg, cyanocobalamin 0.01 mg, vitamin A 4000 lU, 
vitamin E 50 lU, cholecalciferol 0.025 mg, menaquinine 
0.05 mg. 



16 

fast, 50 mg glucose per 100 g body weight as a 25% solution 

was injected into the tail vein of the unanesthetized animal. 

Blood was taken from the tip of the tail in heparinized 

capillary tubes immediately before (0 time) and 15, 30, 45, 

and 60 minutes after the glucose load. 

Non-fasting plasma glucose concentrations were deter

mined during the final week of the study. The blood was 

taken from the tip of the tail of fed, unanesthetized animals 

in heparinized capillary tubes. 

Two preliminary studies were conducted. In the first 

study, male weanling rats were maintained on the basal diet 

without added methionine because the original reference for 

the diet (96) did not specify the addition of this amino acid 

The control group received 2 ppm chromium as chromic chloride 

in their drinking water. Intravenous glucose tolerance tests 

were performed on 3 to 9 animals per week on a rotating basis 

during weeks 4 through 9 of the study. 

In the second preliminary study the weanling male rats 

were fed the basal diet without added methionine until the 

third week when it was added at 0.3% of the diet because of 

inadequate weight gain. The control group received 7.5 ppb 

chromium as chromic chloride added to the diet. A third 

group was given Purina laboratory chow. Intravenous glucose 

tolerance tests were performed on all animals during weeks 2, 

4, and 6 of the study. 
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Glucose 

The glucose in 20 y l of plasma was determined by a 

coupled enzymatic c o l o r i m e t r i c procedure (97). A 4 ml 

a l i q u o t of a mixture of ho r se rad i sh peroxidase (E.C. 

1.11.1.7) and glucose oxidase (E.C. 1.1.3.4) enzymes and 
3 o - d i a n i s i d i n e was added to the serum. The following 

coupled r e a c t i o n s produced a brown color (oxidized o-

d i a n i s i d i n e ) p r o p o r t i o n a l to the o r i g i n a l glucose concen

t r a t i o n : 

Glucose oxidase 
1. Glucose + 2H 0 + 0 ^ Gluconic Acid + HO 

2. H^O^ + o -Dian i s id ine ^ Oxidized o-Diansidine 
2 2 ^ 

After 45 minutes, absorption at 445 nm was measured in a 

spectrophotometer. 

Glucose removal rates were determined from the glucose 

tolerance tests. The log of the increment from fasting was 

plotted against time and the formula 

log • C, - C^ 
K = =• X 2.3 

4 - H 

was applied, where K is a constant and C is the blood glu

cose increment value at time t (9 8) . 

3 
Technical bulletin no. 510, Sigma Chemical Company, St. Louis, MO. 
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Chromium 

Chromium content of the diets was determined by flame-

less atomic absorption spectrophotometry. Samples in 

nitric acid-washed crucibles were dry-ashed in a muffle 

furnace for at least 4 hrs. After cooling, samples were 

quantitatively transferred with 1% nitric acid to acid-

washed volumetric flasks. They were refrigerated until 

analyses were completed using a flameless atomic absorp

tion spectrophotometer (Perkin Elmer 5000 Series). Program 

specifications for the instrument are outlined in the ap

pendix. Chromium content of blanks containing the analyti

cal grade acid was also determined. 

Phytic Acid 

An ion-exchange method of phytic acid analysis devel

oped by Harland and Oberleas (78) was utilized with modifi

cations. Samples of dried material (2.5 g) were extracted 

with 50 ml of 1.2% hydrochloric acid on a shaker for 2 hrs 

at room temperature. Extracts were vacuum-filtered using 

Whatman no. 1 filter paper. The filtrate was refrigerated 

for no more than 1 week before use. 

4 
Blair Leftwich, Ph.D., Lubbock Christian College, 

Lubbock, TX. 

Baker Instra-analyzed Reagent. J. T. Baker Chemical 
Co., Phillipsburg, NJ. 
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Glass barrel columns (0.7 x 15 cm) were packed with 
•7 

0.5 g of 100 - 200 mesh chloride form anion-exchange resin. 

Before use, the resin was hydrated in the column for 2 hrs 

with distilled water. The columns were then washed with 15 

ml 0.7 M sodium chloride and 15 ml of distilled water. The 

filtered sample was diluted so the total anion concentration 

was less than 0.05 M (at least 2:25) and placed on the col

umn. It was followed by 15 ml of distilled water and 15 ml 

of 0.05 M sodium chloride. 

The phytate was next eluted with 15 ml of 0.7 M sodium 

chloride and collected in a micro-Kjeldahl flask. One-half 

milliliter of concentrated sulfuric acid, 3.0 ml of concen

trated nitric acid, and a few boiling chips were added to 

each flask. The samples were heated on a micro-Kjeldahl 

burner on medium heat until boiling stopped, then on low 

heat for 7 minutes. After cooling, 10 ml of distilled water 

was added to each flask and they were placed in a boiling 

water bath for 15 minutes. The digestate was quantitatively 

transferred to a 50 ml volumetric flask. 

Phosphorous was determined by a modification of the 

Fiske and Subbarrow method (99). Two milliliters of 2.5% 

ammonium molybdate in 5 N sulfuric acid was reacted with 

the digestate or with phosphorous standards to form phos-

phomolybdate. One milliliter of sulfonic acid reagent 

(made from l-amino-2-napthol-4-sulfonic acid, sodium sulfite. 
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and sodium metabisulfite, Na2S20_) reduced the phosphomolyb-

date to form a blue phosphomolybdenum complex with intensity 

proportional to the phosphorous concentration. Samples were 

brought to volume and analyzed spectrophotometrically at 

640 nm after 15 minutes. 

Statistical Analysis 

The Statistical Analysis System (SAS) (100) was used to 

determine basic statistics (mean, standard error of the 

mean, range and variance) and to compare differences among 

group means. A Duncan's Multiple Range Test was utilized 

at the 0.05 alpha level to determine significant differences 

among groups. A repeated measures design was done crossing 

dietary group with time to determine the differences within 

groups and among groups over time for glucose tolerance. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Preliminary Studies 

Table 2 shows the results of the glucose tolerance 

tests in the preliminary studies. There did not appear to 

be significant differences between dietary groups. 

Plasma glucose removal rates which have been considered 

by other investigators to show an impaired glucose tolerance 

range from 0.18 to 2.8% per minute (4,24,47). In study 1 

the animals without added chromium exhibited removal rates 

similar to the reported values for deficient animals. Rats 

fed laboratory chow and positive control diets also showed 

impaired removal rates in week 6 of study 2. In the first 

study rats supplemented with 2 ppm chromium as chromic 

chloride in the drinking water had normal removal rates when 

tested in week 8 of the study. The positive control group 

in study 2 was fed 7.5 ppb chromium as chromic chloride in 

the diet. The chromium added to the diet was based on the 

lower limit of the estimated amount needed for adult humans 

and was probably too low. It was possible that the labor

atory chow also did not contain adequate chromium. 0'Flaherty 

and McCarty (46) reported that Purina laboratory chow con

tained about 1 ppm chromium. 

Mean body weights of rats fed the Torula yeast-based 

chromium supplemented and low chromium diets were less 

21 
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TABLE 2 

PLASJ -̂IA GLUCOSE REMOVAL RATES^ FOR DIETARY GROUPS 
IN PRELIMINARY STUDIES^ 

Study 
Week 

Study 1 

+Cr 

Study 2 

-Cr +Cr -Cr Chow 

Removal Rates (%/min) 

2.6 3.2 
+0 .54(3 ) +0 .55(6) 

3 . 1 4 .7 2 . 1 
+^0.85(3) +_0.72(4) +^0.62(4) 

4 .7 9 .6 4 . 3 
+0.74(4) +4.49(4) +1 .84(4) 

2 .2 
+0 .29(4) 

3 . 1 
+0..41(4) 

2 .7 3 .1 2 .4 
+0.55(4) +0 .75(4) +0.34(4) 

2.6 
+0 .52(3) 

8 5 .3 2 .9 
+1 .65(2) +0 .88(5) 

2.8 
+0 .27(4) 

Mean + S . E . M . 

Number of rats in parentheses. 

^Two parts per million as chromic chloride added to 
drinking water. 

Seven and one-half parts per billion of chromium as 
chromic chloride added to the diet. 
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than those consuming laboratory chow (Table 3). After 

methionine was added to the yeast diets in study 2, the 

animals exhibited some catch-up growth, but mean body 

weights of these groups never equalled those fed chow. 

Dietary Analysis 

Table 4 summarizes the phytate and chromium contents 

of the various diets. The amounts of sodium and calcium 

phytate added to the diet were originally calculated from 

existing product information to provide the following per

centages of phytate: L-NaPhy 1.0%, H-NaPhy 4.0 later re

duced to 2.0%, and CaPhy 4.0%. Later chemical analysis of 

the diets furnished the percentages listed on the table. 

Both sources of phytate were contaminated with chromium 

producing the higher chromium contents of these diets and 

indicating that chromium may bind to phytate. Calcium 

phytate contained 7.25 ppm chromixim and sodium phytate had 

5.14 ppm chromium. 

Growth Rates 

The mean growth rates for the five dietary groups are 

shown on Figure 1. As in the preliminary studies, the 

growth of rats fed these Torula yeast-based diets was lower 

than the growth of the rats fed chow in study 2. In this 

final study, the H-NaPhy group had smaller mean body weights 

than the other groups. The poor growth rate in this group 
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TABLE 3 

MEAN BODY VJEIGHTS IN GRAMS FOR DIETARY GROUPS 
DURING PRELIMINARY STUDIES 

Study 
Week 

0 

2 

4 

6 

8 

10 

S 

+Cr 
g 

52 

78 

109 

144 

170 

210 

tudy 1 

-Cr 
g 

57 

84 

117 

155 

193 

227 

+Cr 
g 

55 

82 

141 

196 

a,b 
Study 2 ' 

-Cr 
g 

57 

87 

160 

218 

Chow 
g 

61 

136 

222 

281 

Methionine was added to -Cr and +Cr diets in study 2 
at 0.3% of the diet during week 3. 

Water supply was found to be contaminated during 
week 5 of study 2. 
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TABLE 4 

PHYTATE AND CHROMIUM CONTENT OF DIETS 

Diet 

Negative Control 

L-NaPhy^ 

H-NaPhy^'^ 

CaPhy 

Ex-Cr 

Source of 
Phytate 

none 

sodium 
phytate 

sodium 
phytate 

sodium 
phytate 

calcium 
phytate 

none 

% Phytate 
Containing 
Compound 
Added to 
Diet 

0.00 

1.73 

6.90 

3.45 

6.15 

0.00 

% Phytate 
from 

Analysis 

0.08 

0.80 

2.79 

1.40 

1.83 

0.06 

Chromium 
Content 
ppm 

291 X 10~^ 

380 X lO""̂  

647 X 10~^ 

469 X 10~^ 

737 X 10~^ 

5,764 

Chromium content of L-NaPhy and H-NaPhy diets was cal
culated from the negative control plus the chromium content 
of sodium phytate. 

i_ 

The phytate content of the H-NaPhy diet was reduced 
from 2.79 to 1.40% (actual) during week 3. 
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Figure 1. Mean body weight in grams for groups of rats 
in study 3. 
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may have been due to the unpalatability of the diet and/or 

to a reduction in dietary zinc absorption (87). However, 

the use of galvanized cages and a Torula yeast-based diet 

should have provided more than adequate amounts of zinc, and 

the animals did not exhibit signs of zinc deficiency. 

Glucose Removal Rates 

Mean plasma glucose removal rates for the various groups 

are outlined on Table 5. The glucose tolerance tests per

formed during week 5 showed significantly higher (p<0.05) 

removal rates in the H-NaPhy than the CaPhy group. The sig

nificant differences (p<0.05) in week 7 were between the 

H-NaPhy group and the L-NaPhy and CaPhy groups; and between 

the CaPhy group and the Ex-Cr. Mean glucose removal rates 

for all groups were within normal limits during week 5. In 

week 7 the values for the CaPhy and L-NaPhy groups were 

within the upper limits of what has been reported to be 

indicative of an impaired glucose tolerance. 

In general, the lowest values for mean glucose removal 

rates were obtained during week 9 and all values fell within 

the range of removal rates reported to show an impaired 

glucose tolerance. No significant differences were found 

between dietary groups in week 9 although the lowest mean 

removal rate seemed to be 1.9% per minute in the CaPhy group. 

The low removal rate for the Ex-Cr group may have been 

the result of a toxic condition even though the rats left 
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TABLE 5 

PLASMA GLUCOSE REMOVAL RATES^ FOR GROUPS IN STUDY 3^ 

Negative 
Week Control L-NaPhy H-NaPhy CaPhy Ex-Cr 

Removal Rates (%/min) 

3 . 7 3 . 4 6 . 9 ^ ' ' ^ 3 . 1 ^ 3 . 4 
+ 0 . 5 1 + 1 . 1 0 + 1 . 9 7 + 0 . 8 3 + 0 . 5 3 

3 . 3 2 . 8 ^ 5 . 3 ^ ' ^ ' ^ 2 . 6 ^ ' ^ 4 . 8 ^ 
+ 0 . 3 1 + 0 . 3 5 + 1 . 0 5 + 0 . 1 7 + 0 . 9 6 

2 . 7 2 . 3 2 . 4 ^ ' ^ 1.9 2 . 5 
+ 0 . 4 0 + 0 . 2 6 + 0 . 2 1 + 0 . 2 3 + 0 . 2 8 

Values are means + S.E.M. 
•u. 

Sample size for all removal rates was 6 except for the 
Ex-Cr week 5 and L-NaPhy week 9 when the sample size was 5. 

^" Means with the same letter are significantly differ
ent (p<0.05). 
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small balls of the green chromic chloride in their feed cups 

and were not consuming the entire 5 parts per thousand chro

mium. No adverse effects on glucose tolerance have been 

reported in rats consuming 100 ppm trivalent chromium in the 

diet or injected with 50 mg/kg body weight for 7 to 23 days 

(19,101). Investigators have reported normal removal rates 

with 5 ppm chromium as chromium acetate added to the drink

ing water (46,47). Although the sample size was small, a 

high removal rate (5.3% per minute) was obtained in week 8 

of the initial study with 2 ppm chromium as chromic chloride 

in the drinking water. However, another preliminary study 

in our laboratory with 2 ppm chromium as chromic chloride in 

slightly acid drinking water produce a 2.2% per minute re

moval rate. 

The tendency for the removal rates to decline over time 

within groups seemed to indicate progressive development of 

chromium deficiency. The mean removal rates of the Ex-Cr 

group were not significantly different from the values of 

the negative controls throughout the study. When all removal 

rates were considered together, the H-NaPhy group had sig

nificantly higher (p<0.05) values than all other groups 

except the Ex-Cr group. Delayed development of a chromium 

deficiency could have been caused by the depressed growth 

rate in the H-NaPhy group. The H-NaPhy group was also the 

only group in which the final removal rate was significantly 
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lower (p<0.05) than the values for the same group in weeks 

5 and 7. 

Values for the phytate groups tended to be lower than 

the negative controls during week 9 despite their higher 

chromium content, indicating that the phytates may make 

chromium unavailable for absorption. For example, the nega

tive controls with 291 ppb in their diet exhibited a removal 

rate of 2.8% per minute while the CaPhy group with 737 ppb 

in the diet had a 1.9% per minute removal rate. In addi

tion, the L-NaPhy group had 380 ppb in the diet and showed 

a 2.3% per minute removal rate while the H-NaPhy group with 

647 ppb later reduced to 469 ppb in the diet had a 2.4% per 

minute removal rate. Also the appearance of low removal 

rates in the CaPhy and L-NaPhy groups in week 7 seemed to 

indicate these groups developed impaired glucose tolerances 

earlier than the other groups. This finding is supported 

by the work of Chen et al. (29) who found that phytate 

significantly decreased chromium absorption in vivo and 

in vitro. 

The relatively high 2.7% per minute removal rate in 

week 9 in the negative control group was probably a result 

of the diet's 291 ppb chromium content. Roginski (102) 

stated that the diet should contain less than 100 ppb in 

order to produce an impaired glucose tolerance but is de

pendent on bioavailability. Chromium analysis using the 
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flameless atomic absorption spectrophotometer was not pos

sible prior to the experiments, so it was found late in the 

study that although the mineral mixture was ordered without 

chromiiim, it contained considerable chromium contamination 

(about 5 ppm). 

There did not appear to be any differences between 

dietary groups in the fasting plasma glucose concentrations. 

This finding differs from the higher fasting level in very 

chromium deficient animals housed in a strictly controlled 

environment (44,45). 

Non-fasting Plasma Glucose 

Non-fasting plasma glucose (NFPG) determinations were 

performed during the final week of the study. The negative 

controls had a mean value of 166+7.20 mg/dl which was signif

icantly higher (p<0.05) than the NFPG levels of 144+5.02 

mg/dl in the Ex-Cr group and 138+2.50 mg/dl in the H-NaPhy 

group. Rats consuming the CaPhy diet exhibited a mean NFPG 

level of 151+2.93 mg/dl and those on the L-NaPhy diet showed 

a value of 151+7.25 mg/dl. The H-Naphy and Ex-Cr groups may 

have had a lower NFPG value because of a smaller food intake. 

Tuman and coworkers (48-50) reported higher NFPG levels in 

mice consuming laboratory chow than in those supplemented 

with chromium. 
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Recommendations 

In light of the findings reported here, the following 

recommendations are made for future studies: 

1. perform chromium analysis of diet ingredients 

before initiation of studies to ensure the lowest 

possible chromium content. 

2. prepare the mineral mixture in the laboratory 

from compounds that have been found to have minimal 

chromium contamination. 

3. conduct trials using other chromium compounds to 

find one which will produce the best positive con

trol. 

4. Use plastic cages and a filtered air system to 

product a more pronounced deficiency and to help 

delineate differences between groups. 

5. change collection times during the intravenous 

glucose tolerance tests to 10, 20, 30 and 40 

minutes after injection to better observe the 

glucose peak and to avoid values below the fasting 

value at the late collection time. 

6. investigate the effect of various fiber constitu

ents and phytate-rich foods such as bran or tex

tured vegetable protein on chromium nutrition. 

7. examine other parameters such as insulin or lipid 

levels to evaluate chromium deficiency. 
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8. intubate rats with chromium and measure tissue, 

urine, and feces concentrations to evaluate absorp

tion as influenced by dietary phytate. 

9. utilize the everted gut system to study intestinal 

51 uptake of chromium. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

In these studies of the effects of phytates on chromium 

nutrition in rats, the following were obtained: 

1. plasma glucose removal rates indicative of impaired 

glucose tolerance were produced. 

2. calcium phytate providing 1.8% phytate in the diet 

seemed to produce the lowest removal rate despite 

its high chromium content. However, there were no 

significant differences between groups in the final 

glucose tolerance test because of an ineffective 

positive control. 

3. the Ex-Cr group with 5 parts per thousand chromium 

as chromic chloride in the diet did not maintain a 

normal plasma glucose removal rate throughout the 

study. 

4. fasting glucose levels did not appear to be dif

ferent between groups. 

5. body weights for rats fed Torula yeast-based diets 

were less than those for rats fed laboratory chow. 

6. at the conclusion of the study negative controls 

exhibited the highest mean non-fasting plasma 

glucose levels. 

34 
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The following conclusions can be drawn: 

1. chromium deficiency was produced in rats in our 

laboratory as assessed by plasma glucose removal 

rate. 

2. the phytate-containing diets tended to produce 

the lowest plasma glucose removal rates despite 

their higher chromium contents, indicating that 

phytates may make chromium unavailable for 

"7 absorption.' 
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APPENDIX 

TABLE 6 

PROGRAM SPECIFICATIONS USED WITH THE FLAMELESS ATOMIC 
ABSORPTION SPECTROPHOTOMETER^"^ 

Step 

Drying 

Charring 

Charring 

(1) 

(2) 

Atomization 

Maximum 
Temperature 

°C 

110^ 

800° 

1100° 

2700° 

Ramp Time 
sec 

20 

20 

10 

2 

Hold Time 
sec 

30 

20 

20 

3 

Sample volume of 25 yl by autosampler AS-40. 

Perkin Elmer Intensitron Hollow Cathode chromium lamp 
with 357.9 nm wavelength. 

^Argon gas. 

Perkin Elmer 5000 Series flameless atomic absorption 
spectrophotometer. 
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