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ABSTRACT 

A series of nine experiments were done to obtain further evi- 
dence that boron might be involved in major mineral metabolism (Ca, 
P, and Mg), thus indicating that boron is an essential nutrient for ani- 
mals. Eight factorially arranged experiments of 6-10 wk durations 
were done with weanling Sprague-Dawley male rats. One factorially 
arranged experiment was done with weanling spontaneously hyper- 
tensive rats. The variables in each experiment were dietary boron 
supplements of 0 and 3 ~g/g, and dietary magnesium supplements of 
either 200 (Experiments 1-3) or 100 (Experiments 4-9) and 400 p~g/g. 
In Experiments 7 and 9, a third variable was dietary manganese sup- 
plements of 25 and 50 p,g/g. Methionine status was varied throughout 
the series of experiments by supplementing the casein-based diet 
with methionine and arginine. Findings were obtained indicating that 
the severity of magnesium deprivation and the methionine status of 
the rat strongly influence the extent and nature of the interaction be- 
tween magnesium and boron, and the response to boron deprivation. 

*Author to whom all correspondence and reprint requests should be addressed. 
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When magnesium deprivation was severe enough to cause typical 
signs of deficiency, a significant interaction between boron and mag- 
nesium was found. Generally, the interaction was characterized by 
the deprivation of one of the elements making the deficiency signs of 
the other more marked. The interaction was most evident when the 
diet was not supplemented with methionine and especially when the 
diet contained luxuriant arginine. Signs of boron deprivation were 
also more marked and consistent when the diet contained marginal 
methionine and luxuriant arginine. Among the signs of boron depri- 
vation exhibited by rats fed marginal methionine were depressed 
growth and bone magnesium concentration, and elevated spleen 
wt/body wt and kidney wt/body wt ratios. Because the boron supple- 
ment of 3 I~g/g did not make the dietary intake of this element un- 
usual, it seems likely that the response of the rats to dietary boron in 
the present study were manifestations of physiological, not pharma- 
cological, actions, and support the hypothesis that boron is an essen- 
tial nutrient for the rat. 

Index Entries: Boron; magnesium; methionine; arginine; sulfur 
amino acids; boron-magnesium interaction; trace element; calcium; 
minerals. 

INTRODUCTION 

Boron has been known to be essential for higher plants for over half 
a century, but only recently evidence has been obtained suggesting that 
boron is required by animals. Between 1939-1944, several attempts to in- 
duce a boron deficiency in rats were unsuccessful, although the diets fed 
apparently contained only 155-163 ng B/g (1-3). In 1945, Skinner and 
McHargue (4) reported that supplemental dietary boron enhanced sur- 
vival, maintenance of body fat, and elevated liver glycogen in potassium- 
deficient rats. Those findings were not confirmed by Follis (5), who fed a 
different diet with an unknown boron content and different levels of bo- 
ron supplementation. After those reports, the study of boron as a possi- 
ble essential nutrient for animals was neglected until 1981 when Hunt 
and Nielsen (6) reported that boron deprivation depressed growth 
and elevated plasma alkaline phosphatase activity in chicks fed inade- 
quate cholecalciferol. Some subsequent experiments suggested that 
cholecalciferol deficiency enhanced the possible need for boron and that 
boron might interact, in some manner other than through a direct effect 
on cholecalciferol metabolism, with the metabolism of calcium, phospho- 
rus, or magnesium (7). The relationship seemed strongest between boron 
and magnesium, because boron tended to normalize the abnormalities 
associated with magnesium deficiency in chicks. Boron did not consist- 
ently alleviate signs of calcium and phosphorus deficiency. Nonetheless, 
because the B:Mg ratio was quite low in both plasma and diet, boron ap- 
parently indirectly affected magnesium metabolism (7). 
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The response to magnesium deprivation by rats is quite different 
than by chicks. For example, in chicks magnesium deprivation induces 
hypocalcemia which is suggestive of hypoparathyroidism (8). In con- 
trast, magnesium-deficient rats often develop hypercalcemia, hypophos- 
phatemia, hypocalcuria, and hyperphosphaturia, which are suggestive 
of hyperparathyroidism (8). 

The following experiments were done to ascertain whether boron af- 
fects the response of the rat to magnesium deprivation and vice versa. In 
these experiments, several other nutrients were inadvertently or inten- 
tionally varied to ascertain whether diet composition affected the re- 
sponse of rats to boron deprivation and/or the interaction between boron 
and magnesium. In one experiment, spontaneously hypertensive rats 
were used to ascertain whether dietary boron would alter the enhanced 
hypertension response caused by magnesium deprivation in these 
animals (9). The experiments were part of an overall plan to obtain fur- 
ther evidence that boron might be involved in major mineral metabolism 
(Ca, P, and Mg), thus indicating that boron is an essential nutrient for 
animals. 

MATERIALS AND METHODS 

In all experiments, except Experiment 5, male weanling Sprague- 
Dawley rats (Harlan-Sprague Dawley, Indianapolis, IN) were weighed 
individually on arrival and housed three/all-plastic cage measuring 50 x 
24 x 16 cm (10) and located inside a laminar flow rack (Lab Products, 
Carfield, NJ). In Experiment 5, spontaneously hypertensive male wean- 
ling rats (SHR) (Taconic Farms Laboratory Animals, Germantown, NY) 
were used. In all experiments, the rats were randomly assigned to 
groups with no significant differences in weight and in a fully crossed, 
two-factor (Experiments 1-6 and 8) or three-factor (Experiments 7 and 9) 
arrangement. Tables 1-5 indicate the number of rats/group, which 
ranged from 5-9, in each experiment. The variables in each experiment 
were dietary boron supplements of 0 and 3 i~g/g, and dietary magnesium 
supplements of either 200 (Experiments 1-3) or 100 (Experiments 4-9) 
and 400 I~g/g. The 100 i~g/g supplements were added as part of the min- 
eral mix. In Experiments 7 and 9 the third variable was dietary manga- 
nese supplements of 25 and 50 I~g/g. 

The basal diet (Tables 6-8) contained between 0.1-0.3 ~g boron/g. 
The basal diet supplemented with 200 i~g Mg/g analyzed about 240 I~g 
Mg/g, and supplemented with 100 i~g Mg/g analyzed about 120 Fg Mg/g. 
The basal diet supplemented with 25 ~g Mn/g analyzed about 25 I~g 
Mn/g, and supplemented with 50 I~g Mn/g analyzed about 54 I~g Mn/g. 
Dietary boron, magnesium, and manganese content were determined by 
using the ashing and inductively coupled argon plasma atomic emission 
methods described subsequently. The basal diet was calculated to con- 
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Table 6 
Composition of Basal Rat Diet for Boron Studies ~ 

Ingredient Amount, g/kg dry diet 

Casein, high protein b 160.00 
Ground corn, acid washed" 712.50 
Corn oil < 75.00 
Arginine, free base ~ 5.00 
Mineral mix < 24.96 
dl-ot-tocopherol < 0.20 
Choline chloride I 0.75 
Vitamin mix<~ 4.55 
CaHPO4 ~' 17.00 
Iron sponge ~ 0.04 

1000.00 

"Diet contained between 0.1-0.3 mg of boron/kg on an 
air-dried basis. The diet was calculated to contain 5.8 mg me- 
thionine and 1.7 mg cystine/g. 

'Teklad Division, Harlan Industries, Madison, WI. 
<NBCo Biochemicals, Division of ICN Biomedicals, Inc., 

Cleveland, OH. See reference 11 for the procedure for acid 
washing corn. 

~Sigma Chemical Co., St. Louis, MO. 
"See Table 7. 
Grand Island Biological Co., Grand Island, NY. The cho- 

line chloride was dissolved in 1.5 mL of H20. 
~See Table 8. 
""Reagent" grade, J. T. Baker Chemical Co., PhiUipsburg, 

N.J. 
"'Puratronic" grade, Johnson Matthey Chemicals from 

Aesar, Seabrook, NH. The iron sponge was dissolved in 
"Instra-Analyzed" grade HC1 (J.T. Baker Chemical Co., 
Phillipsburg, NJ) before mixing into diet. 

tain 5.8 m g  me th ion ine  and  1.7 m g  cystine/g. In Exper iments  3, 6, and  7, 
the basal diet was s u p p l e m e n t e d  with 2.5 m g  methionine/g .  In Experi- 
men t s  8 and  9, the basal diet was s u p p l e m e n t e d  with 5 m g  arginine/g. 
Thus,  the total a m o u n t  of arginine a d d e d  to the diet was 10 mg/g  in Ex- 
pe r iments  8 and  9. Titles and  head ings  of Tables 1-5 show the diet com- 
binat ion of magnes ium,  meth ion ine ,  arginine,  and  manganese  that  was 
fed to the rats in each exper iment .  Reasons for these different combina- 
t ions are given in the Results section. 

The rats were  given de-ionized water  (Super Q System, Millipore 
Corp. ,  Bedford, MA) in plastic cups.  Fresh food in plastic cups was pro- 
v ided each day. The diets were  mixed three d before the start of each 
exper iment  and  about  once every two wk  thereafter.  They were  s tored at 

- 16~ in t ightly capped  plastic containers.  Plastic equ ipmen t  and  clean- 
ing procedures  have been described (10-12). Absorbent  paper  unde r  the 
cages caught  d ropp ings  and  was changed  daily. Room tempera ture  was 
main ta ined  at 23 ~ Room lighting was controlled automatically to pro- 

Biological Trace Element Research VoL 17, 1988 



100 Nielsen et aL 

Table 7 
Composition of Mineral Mix for Basal Diet Used 

in Boron Studies 

Ingredient Amount, g/kg diet 

NaCP 2.0000 
Mg(C2H302)  " 4 H 2 0  a 0.8750 
Mn(C2H302)  �9 4 H 2 0  ~' 0.1125 
CuSO4 �9 5H20" 0.0300 
KF 0.0004 
Zn(CaH302)  �9 2 H 2 0  ~ 0.0500 
Na2SeO3" 0.0003 
(NH4)6M07024 �9 4 H 2 0  c 0.0040 
Cr(C2H302)3 �9 H 2 0  b 0.0020 
NH4VO3 ~ 0.0003 
NiCI2 d 0.0020 
Na2HAsO4 �9 7H20 ~ 0.0050 
KCP 3.5000 
Na2SiO3 �9 9H20 ~ 0.0500 
NaF 0.0020 
Ground corn, acid washed I 18.3265 

24.9600 

.... Re~gent" grade,  J. T. Baker Chemical Co., Phillipsburg, 

XJ. 
""Certified" grade, Fisher Scientific, Co., Fair Lawn, NJ. 
'"Specpure" grade, Johnson Matthey Chemicals from 

Aesar, Seabrook, NH. 
""Ultrapure" grade, Alfa Inorganics/Ventron, Beverly, 

MA. 
'Alfa Inorganics/Ventron, Beverly, MA. 
qXIBCo Biochemicals, Division of ICN Biomedicals, Inc., 

Cleveland, OH. See reference 11 for the procedure for acid 
washing corn. 

vide 12 h each of light and darkness. Animals were weighed and pro- 
vided clean cages weekly. 

The rats were fed their respective diets for ten wk in Experiments 1 
and 5, six wk in Experiments 2 and 3, and seven wk in Experiments 4 and 
6-9. Then they were fasted overnight, weighed, and decapitated subse- 
quent to ether anesthesia and cardiac exsanguination with a heparin- 
coated syringe and needle. Over 60 different physiological and biochemi- 
cal parameters were examined using various organs and blood of the 
rats. Parameters selected for presentation were those representative of 
the changes caused by boron, magnesium, and their interaction. The kid- 
ney wt/body wt (KW/BW) and spleen wt/body wt (SW/BW) ratios were 
determined by removing one kidney and the spleen, blotting with ab- 
sorbent tissue, and weighing immediately. Plasma alkaline phosphatase 
was determined by using p-nitrophenyl phosphate as substrate (Phos- 
phatase Test Kit, Sigma Chemical Co., St. Louis, MO). Bone calcium and 
magnesium were determined as follows. Immediately after decapitation, 
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Table 8 
Composition of Vitamin Mix for Basal Diet Used 

in Boron Studies 

101 

Ingredient Amount, g/kg diet 

Retinyl palmitate (250,000 IU/g) a 0.0320 
Menaquinone b 0.0010 
Thiamine �9 HC1 ~' 0.0100 
Pyridoxine �9 HCP' 0.0150 
Niacin ~' 0.0300 
D-pantothenic acid, calcium salV 0.0480 
Vitamin B12 (0.1% triturate) ~ 0.0200 
Folic acid ~' 0.0020 
Biotin b 0.0010 
Riboflavin ~' 0.0270 
Inositol b 0.0500 
Para-aminobenzoic acid ~' 0.0050 
Cholecalciferol (400,000 IU/g) ~ 0.0038 
Dextrose" 4.3052 

4.5500 

"NBCo Biochemicals, Division of ICN Biomedicals, Inc., Cleve- 
land, OH. 

~'Grand Island Biological Co., Grand Island, NY. 

the right thigh was removed and frozen until the femur could be excised 
from the flesh and cleaned with cheesecloth. After cleaning, the bones 
were dried at 85~ for four h in a vacuum oven. The dried bones were 
weighed in 30 mL teflon vials. After 5 mL of concentrated ultrapure nitric 
acid (G. Frederick Smith Chemical Co., Columbus, OH) were added,  the 
vials were tightly capped and allowed to sit at room temperature for 24 h. 
Then the vials were placed uncapped on hot plates at low heat and al- 
lowed to evaporate to dryness. An additional 3 mL of HNO3 were added 
to the vial and the above procedure repeated. Finally, 1 rnL of concn 
HNO3 and 3 mL of 30% H202 (J.T. Baker Chemical Co., Phillipsburg, NJ) 
were added  before the vial was heated to dryness. Then 2 mL of 8N 
HNO3 were added  to the vial which was heated to redissolve the sample. 
All samples were diluted to 10 mL with distilled, de-ionized water. The 
samples were analyzed using an inductively coupled argon plasma 
atomic emission spectrometer (ICP 6500, Perkin-Elmer Corp., Norwalk, 
CT). The spectrometer was operated under  the following conditions: 
Perkin-Elmer RF generator, 27.12 MHz; incident power, 1250 W; re- 
flected power, <5W; plasma argon flow, 12 L/min; nebulizer argon flow, 
1 L/min; auxiliary argon flow, 0.7 L/rain; peristaltic pump supplied cross 
flow nebulizer, flow rate 2 mL/min; and vertical observation zone, 15 mm 
above load coil. 

To ascertain the adequacy of the analytical methods  used, citrus 
leaves (SRM #1572, NBS, Dept. of Commerce, Gaithersburg, MD) were 
subjected to the same procedures as those used for bones; the methods  
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produced values within 98% of the certified values for calcium and mag- 
nesium. 

In Experiment 5, the systolic blood pressure of the SHR rats was 
measured with a tail cuff and a pressure transducer linked via an 
amplifier to a physiograph (Narco Bio-Systems, Inc., Houston, TX). This 
method was described by Wu et al. (13). Data were statistically analyzed 
using analysis of variance methodology (14). Differences between values 
were considered significant when P <0.05. 

RESULTS 

In the first three experiments (Tables 1 and 2) the low magnesium 
treatment of 200 ~g/g of diet did not have a marked effect. Rats fed the 
low-magnesium diet in Experiment 1 exhibited a slightly depressed 
growth; in Experiments 2 and 3, they exhibited a slightly depressed con- 
centration of magnesium in the bone. In Experiments 1-3, boron depriva- 
tion depressed growth. No other consistent effect of boron was found 
with the other indices shown. Experiments 1 and 2 did not produce any 
marked significant findings indicating an interaction between boron and 
magnesium. However in Experiment 3, where methionine was added to 
the diet because we became cognizant of the possibility that the basal diet 
might be low in methionine, evidence for an interaction between magne- 
sium and boron was obtained. Boron-deprived rats fed the low magne- 
sium diet exhibited depressed growth and an elevated bone calcium con- 
centration; these changes did not occur in boron-supplemented rats fed 
the low magnesium diet. 

In Experiment 4 (Table 3), the low magnesium treatment was re- 
duced from 200 ~g/g diet to 100 ~g/g diet in an attempt to create a 
marked magnesium deficiency that, we hoped, would enhance changes 
caused by boron deprivation and an interaction between boron and mag- 
nesium. The success of using 100 l~g Mg/g of diet resulted in the use of 
that level of supplementation for the low-magnesium treatment in all 
subsequent experiments. In both Experiments 4 and 5 (Table 3), the man- 
ganese content of the diet was inadvertently reduced to 25 t~g/g. It will be 
shown subsequently that this dietary change probably was of little conse- 
quence to the major objectives of this study. Methionine was not supple- 
mented to the diet because we hoped to get growth differences, similar 
to those in Experiments I and 2, in the animals fed adequate magnesium. 
In both Experiments 4 and 5, magnesium deprivation significantly af- 
fected all parameters except bone calcium in Experiment 4 and blood 
pressure of the SHR rats in Experiment 5. The effects of magnesium dep- 
rivation were modified in several instances by dietary boron. For exam- 
ple, a marked elevation of KW/BW was seen in boron-deprived rats fed 
the magnesium-deficient diet; the elevation was slight to nonexistent in 
boron-supplemented rats. The growth depression caused by magnesium 
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deprivation tended to be more marked in the boron-deprived than 
boron-supplemented rats. Magnesium deprivation also tended to in- 
crease the concentration of calcium in the bone (Experiment 4) and de- 
crease blood pressure (Experiment 5) in boron-deprived, but not in 
boron-supplemented, rats. 

In Experiments 6 and 7 (Table 4) methionine was added to the diet, 
and in Experiment 7, manganese was fed either at the 25 or 50 ~g/g diet 
level. These changes were made to ascertain whether the low dietary 
manganese or methionine in Experiments 4 and 5 were affecting the bo- 
ron and magnesium findings. 

The addition of methionine to the diet eliminated the effect of boron 
on growth. Moreover, magnesium-deprivation depressed growth to the 
same extent in both the boron-deprived and supplemented rats. 

In Experiment 7, the growth depression caused by magnesium dep- 
rivation was more marked in rats fed adequate-manganese than low- 
manganese diets. In contrast with the growth findings, the depression in 
plasma alkaline phosphatase by magnesium deprivation was more 
marked in the rats fed low-manganese than adequate-manganese diets. 
Although manganese did interact with magnesium to affect growth and 
plasma alkaline phosphatase, manganese did not affect the response to 
dietary boron or to an interaction between boron and magnesium which 
were our primary concerns. 

In contrast with growth, methionine supplementation apparently 
enhanced the changes in SW/BW and bone magnesium in response to 
dietary boron. The SW/BW was higher in boron-deprived than boron- 
supplemented rats; the effect was more marked in magnesium-deprived 
than magnesium-supplemented rats. In Experiment 6, bone magnesium 
concentrations were higher in boron-supplemented than boron-deprived 
rats. 

Nonetheless, when we compared the methionine-supplemented to 
the nonsupplemented findings, our overall impression was that the in- 
teraction between magnesium and boron was more evident when dietary 
methionine was marginal. Thus, in Experiments 8 and 9, arginine was 
supplemented to the diet with the idea that it would enhance the need 
for methionine and create a relative methionine deficiency (15), and in 
this state, rats would show marked changes caused by an interaction be- 
tween boron and magnesium. This manipulation was successful be- 
cause, as seen in Table 5, all indices shown were affected by an interac- 
tion between boron and magnesium. In the growth data of Experiment 9, 
the interaction was affected by dietary manganese. In most cases, the sig- 
nificant interaction between boron and magnesium could be character- 
ized by magnesium deprivation more adversely affecting the boron-de- 
prived than boron-supplemented rats. For example, the elevation in 
KW/BW and SW/BW, and the depression in plasma alkaline phosphatase 
caused by magnesium deprivation was more marked in boron-deprived 
than boron-supplemented rats. This was true with both manganese- 
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adequate and manganese-low diets. One notable exception was that the 
elevation in bone calcium concentration was more marked in the boron- 
supplemented than boron-deprived rats. 

An unexpected finding in Experiment 9 was that the growth re- 
sponse of rats to dietary manganese indicated that a low dietary level (25 
~g/g) was more beneficial than the NRC requirement for this element (55 
~g/g) with an arginine-supplemented, casein-based diet. Regardless of 
dietary magnesium or boron, growth was better in the rats fed low man- 
ganese than "adequate" manganese diets. 

DISCUSSION 

The findings of the present study indicate that the severity of the 
magnesium deprivation and the methionine status of the rat strongly 
influence the extent and nature of the interaction between magnesium 
and boron and the response to boron deprivation. Dietary boron did not 
consistently or markedly affect the response of rats fed a marginally 
deficient magnesium diet (200 ~g/g) which was manifested mainly by a 
reduction in bone magnesium concentration (Experiments 1-3). In other 
words, dietary boron deprivation did not induce signs of magnesium 
deficiency in rats fed marginal magnesium. On the other hand, when 
magnesium deprivation was severe enough to cause the typical signs of 
deficiency, including depressed growth, plasma alkaline phosphatase ac- 
tivity and bone magnesium concentration, and elevated SW/BW and 
KW/BW, dietary boron did affect the response of the rats. The influence 
was most evident when the casein-based diet was not supplemented 
with methionine, and especially when the diet contained luxuriant argi- 
nine. Generally, the result of the interactions between boron and magne- 
sium was that the deprivation of one of the elements made the deficiency 
signs of the other more marked. For example, the signs of boron depriva- 
tion were more consistent and more marked when the diet was low in 
magnesium and was not supplemented with methionine or contained 
luxuriant arginine; among the signs for which this generally held true 
was depressed growth and elevated KW/BW and SW/BW. 

The finding that the interaction between boron and magnesium, and 
the response of rats to boron deprivation, were more marked and consis- 
tent when the diet contained luxuriant arginine suggests that boron is 
physiologically important when enhanced in vivo demand for methio- 
nine cannot be met by the diet. Casein-based diets are known to be mar- 
ginal in methionine content and to lack taurine (16). In the present exper- 
iments, the addition of arginine to the basal diet (5 rag/g), or to the 
arginine-luxuriant diets (10 mg/g), probably made the diets methionine- 
deficient because of the increased requirement for methionine in the me- 
tabolism of arginine through the pathway that utilizes methionine- 
methyl to form creatinine (15). Magnesium deprivation probably 
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enhanced the need for methionine because it induces elevated levels of 
taurine in muscle and urine (17); taurine is formed from methionine via 
cysteine (18). 

Although the findings from the present study can lead to several 
hypotheses as to a possible role for boron in vivo, currently we are in- 
trigued with the possibility that boron is important at the cellular mem- 
brane level. The reasons for this are: 

1) Boron deprivation signs are most noticeable when taurine 
metabolism probably has been altered, and taurine might have a 
role in membrane stabilization (17). 
2) Boron deprivation exacerbates the signs of magnesium defi- 
ciency, and some of these signs (e.g., elevated spleen size as the 
result of abnormal erythrocytes) may be the result of abnormal 
membrane structure (19). 
3) Boron is suspected of regulating such plant hormones as 
auxin, gibberellic acid, and cytokinin (20,21), through an effect 
on a second messenger, such as cyclic AMP, at the cell mem- 
brane level (20,22). 
4) Palytoxin, an extremely poisonous animal toxin from coral, 
raises the permeability of excitable and nonexcitable membranes 
of animals. The binding of palytoxin to membranes is potenti- 
ated by borate (23). 
5) Aplasmomycin, a novel ionophoric macrolide antibiotic, is a 
boron-containing compound (24). 
6) Several recent reviews have presented evidence consistent 
with the view that boron in plants is directly associated with 
membranes and is involved in maintaining their functional 
efficiency (25-27). In other words, many symptoms of boron 
deficiency in plants are secondary effects caused by changes in 
membrane permeability. 
7) The major part of the boron of mung bean seedlings was 
found localized in the membranes (28). 

In ultratrace element research, signs indicating essentiality of several 
elements apparently were misinterpreted and probably were manifesta- 
tions of pharmacologic, not physiologic actions (29). Thus, it is reason- 
able to ask whether boron is acting through physiological or pharmaco- 
logical mechanisms in the present study. High dietary amounts are 
usually required for an element to act pharmacologically. In the present 
study, a dietary boron supplement of 3 ~g/g seems high but is actually 
relatively low in comparison to the boron contents of some foods. A re- 
cent extensive study of the mineral content of over 200 Finnish foods in- 
cluded boron (30-32). The average boron content (~g/g dry wt) in differ- 
ent food groups was: cereals, 0.92; meat, 0.16; fish, 0.36; dairy products, 
1.1; vegetables, 13; and others, 2.6. Foods that contained the highest lev- 
els of boron (~g/g wet weight) included soy meal, 28; prune, 27; raisin, 
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25; almond, 23; rose hips, 19; peanut, 18; hazel nut, 16; date, 9.2; and 
honey, 7.2. Wines contained up to 8.5 I~g B/g. The high level of boron in 
nuts, fruit kernels, fruits, and vegetables was also reported elsewhere 
(33-36). 

Obviously, foods of plant origin are rich sources of boron. Meat or 
fish apparently are poor sources of boron. The preceding indicates that 
the daily intake of boron by humans and animals can vary widely de- 
pending upon the proportions of various food groups in the diet. None- 
theless, a reported average daily intake for Finnish people was reported 
to be 1.7 mg boron. If one assumes an intake of about 1 kg of food (dry 
wt) daily, the boron concentration of the diet is in the same range as that 
fed to the rats in the present study. Thus, because the boron supplemen- 
tation did not make dietary intake unusual, it seems probable that ac- 
tions of boron were manifestations of physiological actions, and support 
the hypothesis that boron is an essential nutrient for the rat. 
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