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Heavy Metal (HM) concentrations of different commercially available grain-based diets 
(chows) are variable and increase renal, splenic and hepatic arsenic (As) and cobalt 

(Co) levels relative to purified diets in weanling, female Sprague-Dawley rats
Matthew R. Ricci, Ph.D., Michael A. Pellizzon, Ph.D., John F. Couse, Ph.D. and Edward A. Ulman, Ph.D.

Research Diets, Inc., New Brunswick, NJ and Taconic Biotechnology, Albany, NY

In vivo study: 
• Female Sprague-Dawley rats maintained at Taconic 
Biotechnology, NY (age= 25 d, n=45, singly housed) were fed 1 
of 5 diets (n= 9 per group): 2 chow diets (Purina 5002, Zeigler 
NIH-31M) or 3 purified ingredient diets (Open Standard Diet 
[OSD], AIN-76A or AIN-93G, Research Diets, Inc.) for 28 days. 

• At termination, tissues were frozen and later were analyzed for 
HM along with the diets by ICP-MS.

Dietary HM Study:
• In a separate study, HM levels were measured in 9 chow diets (5 
from Purina, 3 from Harlan and 1 from Zeigler) and 3 purified 
diets (OSD, AIN-76A, AIN-93G [Research Diets, Inc.]).

• Data are expressed as means ± SE.  Statistical significance was 
determined by one-way ANOVA with Tukey’s post-hoc t-test. 
Different letters indicate significant differences among groups.

• Compared to purified diets, chow HM levels are not only 
more variable but are also up to ~190 fold higher.

• Even within the same chow (NIH-31M) there was both 
within and between manufacturer variation (up to 5 fold).  

• Since HM tissue levels directly reflect dietary 
concentrations, purified diets can be used to limit tissue 
accumulation, and likely reduce changes in the 
toxicological phenotype caused by these metals. 
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In vivo study:
• Of the HM measured, the largest tissue differences 

between diet treatments were found with As and Co.  
Overall, rats fed purified diets had lower spleen, kidney 
and liver As and Co levels compared to chow diets (Fig. 1).  

• The largest difference in tissue HM levels was found in 
spleen for As between AIN-76A vs. NIH-31M (278.5  35.3
vs. 6076.3  643.3 ng/gm, respectively; P<0.001; Fig. 1 A). 

• As was undetectable in the purified diets (Fig. 2) and tissue 
As levels were lowest in the purified diets (Fig. 1).  

• Dietary As was 3 fold higher in NIH-31M vs. Purina 5002 
(702.2 vs. 237.2 ng/gm, respectively, Fig. 2A) and liver As 
was 3 fold higher in NIH-31M vs. Purina 5002 (2806.1 
58.9 vs. 939.7  83.0 ng/gm, P>0.05, Fig 1E). 

Dietary HM level study:
• HM levels varied widely in chows: (Fig. 3): As (52.6 to 776 

ng/gm), Co (240 to 1075 ng/gm), Lead (Pb) (24.3 to 271 
ng/gm), Vanadium (V) (394.9 to 3175 ng/gm) and Cr (369 
to 6773 ng/gm).  

• In purified diets, HM levels were lower compared to chows 
(Fig. 4):  As (Undetectable to 5.9 ng/gm), Co (3.0 to 5.6
ng/gm), (V) (37.6 to 84.0 ng/gm) and Cr (536 to 2594 
ng/gm) [Cr is added to purified diets purposely].  Pb was 
largely undetected in purified diets and was not graphed. 

• HM levels in batches of NIH-31M chow varied depending 
on the manufacturer (Fig. 5), the greatest difference being 
Cr: 1472  71.1 (Zeigler) vs. 7670  318 ng/gm. 
(Teklad)(Fig. 5C).  Even lots from the same manufacturer 
showed variability for Co (1031 vs. 2464 ng/gm; Teklad) 
(Fig. 5B) and V: (1937 vs. 3175 ng/gm, Zeigler) (Fig. 5D).

• Dietary concentrations of heavy metals (HM) can unintentionally 
affect phenotype, for example gene expression (Kozul, et al.).

• Since chows contain relatively unrefined plant and animal 
material, HM levels may be higher and more variable compared 
to purified diets.  However, there is little known about the levels 
and variability in HM levels in chows and purified diets and how
dietary HM levels affect tissue HM levels. 

• We measured dietary HM levels as well as tissue HM levels in 
rats fed two chows and three purified diets.  Since we noted 
variation in dietary HM levels in these two chows, we also 
measured HM levels in a larger number of chows to examine 
within and between diet variability. C D
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Product Description
The Rodent NIH-31M Auto is an open formula, autoclavable diet with a 
higher energy concentration than the NIH-31 diet in order to promote 
maximum reproduction and growth in both rats and mice reared as 
models in biomedical research.

Guaranteed Analyses
Crude Protein	 Minimum	 18.0%	
Crude Fat	 Minimum	 5.0%

Crude Fiber	 Maximum	 5.0%	
Ash	 Maximum	 8.0%

Nutrient Composition
Amino Acids (% of total diet)
Arginine	 1.01
Lysine 	 0.99
Methionine	 0.46
Cystine	 0.27
Tryptophan	 0.20
Histidine	 0.41
Leucine	 1.47
Isoleucine	 0.79
Phenylalanine	 0.82
Tyrosine	 0.63
Threonine	 0.67
Valine	 0.90

Vitamins
Vitamin A	 IU/g	 25.90       
Vitamin D3	  IU/g	 4.10	
Alpha-Tocopherol	  IU/kg	 46.80
Thiamine	 ppm	 76.90	
Riboflavin	 ppm	 7.60
Niacin	 ppm	 82.80
Pantothenic Acid  	 ppm	 38.10
Choline	 ppm	 1880.00
Pyridoxine	 ppm	 10.60
Folic Acid	 ppm	 1.56
Biotin	 ppm	 0.29
Vitamin B12	 Mcg/kg	 56.00
Vitamin K	 ppm	 22.00 

Gross Energy	 Kcal/gm	 4.02
Minerals
Calcium	 %	 1.11
Phosphorus	 %	 0.93
Potassium	 %	 0.57
Sodium	 %	 0.28
Magnesium	 %	 0.22
Iron	 ppm	 206.00
Zinc	 ppm	 58.00
Manganese	 ppm	 152.00
Copper	 ppm	 17.00
Cobalt	 ppm	 0.70
Iodine	 ppm	 1.97 

Dietary Ingredient Composition (percentage by weight)
Ground No. 2 Yellow Corn	 20.00	 Corn gluten Meal (60%)	 2.00

Ground Whole Wheat	 35.17	 Brewers Dried Yeast	 1.00

Ground Whole Oats	 10.00	 Dicalcium Phosphate	 1.50

Wheat Middlings	 10.00 	 Limestone		  0.50

Fish Meal (60%)	 9.00		 Salt			   0.50

Soybean Meal (47.5%)	 5.00		 Premixes			  0.63

Soybean Oil	 2.50		 Lysine			   0.10

Alfalfa Meal (17%)	 2.00		 dl-Methionine		  0.10

Rodent NIH-31 Modified Auto


