
Chromium Improves Insul in  Response to Glucose in Rats 

J.S. Striffler, J.S. Law, M,M. Polansky, S.J. Bhathena, and R.A. Anderson 

The effects of chromium (Cr) supplementation on insulin secretion and glucose clearance (KG) during intravenous glucose 
tolerance tests (IVGTTS} were assessed in rats with impaired glucose tolerance due to dietary Cr deficiency. Male Wistar rats 
were maintained after weaning on a basal Iow-Cr diet containing 55% sucrose, 15% lard, 25% casein, American Institute of 
Nutrition (AIN)-recommended levels of vitamins, no added Cr, and an altered mineral content as required to produce Cr 
deficiency and impaired glucose tolerance. The Cr-supplemented group ([+Cr] n = 6) were provided with 5 ppm Cr as CrCI3 in 
the drinking water, and the Cr.deficient group ([-Cr]n = 5) received purified drinking water. At 12 weeks on the diet, both 
groups of rats were hyperinsulinemic (+Cr, 103 -+ 13; -Cr ,  59 -+ 12 rtU/mL) and normoglycemic (+Cr, 127 -+ 7; -Cr ,  130 -+ 4 
mg/dL), indicating insulin resistance. After 24 weeks, insulin levels were normal (+Cr, 19 -+ 5; -Cr ,  21 -+ 3 tLU/mL) and all rats 
remained normoglycemic (+Cr, 124 -+ 8; -Cr ,  131 _+ 6 mg/dL). KG values during IVGTTs were lower in -Cr  rats (KG = 3.58%/ 
min) than in +Cr rats (KG = 5.29%/min), correlating with significantly greater 40.minute glucose areas in the -Cr  group 
(P < .01). Comparisons of 40-minute insulin areas indicated marked insulin hyperresponsiveness in the -Cr  group, with 
insulin-secretory responses increased nearly twofold in -Cr  animals (P < .05). Chromium deficiency also led to significant 
decreases in cyclic adenosine monophosphate (cAMP)-dependent phosphodiesterase (PDE) activity in spleen and testis 
(P < .01). In these studies, Cr deficiency was characterized by both [~-cell hypersecretion of insulin and tissue insulin resistance 
that were associated with decreased tissue levels of cAMP PDE activity. 
Copyright © 1995 by W.B. Saunders Company 

I MPAIRED GLUCOSE TOLERANCE and altered pan- 
creatic B-cell function showing similarities to non-  

insulin-dependent diabetes in humans are observed in 
animals with dietary deficiency of chromium (Cr) and other 
minerals, including copper (Cu), zinc (Zn), manganese 
(Mn), and other micronutrients. 1 Glucose tolerance is also 
influenced by dietary iron (Fe) and is impaired in patients 
with hemochromatosis, z-4 High Fe levels may interfere with 
transport of Cr, since both Fe and Cr are transported via 
transferrin. 5 In many of these patients, insulin secretion is 
decreased, indicating that impaired glucose tolerance may 
be secondary to Fe-induced changes in the endocrine 
pancreas. Insulin secretion is also impaired in rats fed diets 
containing inadequate levels of Cu. 6'7 In addition, recent 
studies indicating that Cu deficiency effects are exacerbated 
by Fe 8,9 suggest that changes in endocrine pancreas func- 
tion in Cu-deficient rats also involve Fe. 

In contrast to other mineral-deficiency states, Cr deft- 
ciency is difficult to produce in animals. Since Cr deficiency 
is not readily expressed in animals fed diets high in starch, 
diets high in sucrose need to be used. m Contaminating Cr in 
the basal diets, animal housing conditions, use of starch 
instead of sucrose, and undefined dietary effects may 
explain the absence or marginal responses to Cr supplemen- 
tation in some studies, v-15 In addition, most investigators 
have examined effects of Cr deficiency and supplementa- 
tion on glucose tolerance in relation to insulin effectiveness, 
and less attention has been given to the associated changes 
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in insulin-secretory responsiveness, even though it was 
suggested that insulin levels should be monitored in studies 
examining the biological action of Cr. ~6 This is particularly 
true in light of studies demonstrating that significant 
changes in functioning of the endocrine pancreas occur in 
animals fed diets containing either excess or inadequate 
amounts of various minerals. 1 

The objective of these studies was to assess the influence 
of dietary Cr on both glucose tolerance and insulin- 
secretory responsiveness measured in vivo in rats. Cr 
deficiency and insulin resistance were produced by feeding 
a basal sucrose diet containing no added Cr and an altered 
content of other minerals to induce glucose intolerance. 
The basal diet used in these studies was low in Cu during 
the initial 6-week period of rapid growt h to impair B-cell 
function, 6,7 and dietary-induced insulin resistance was en- 
hanced by increasing Fe content of the basal diet. 2-4 The 
effects of dietary Cr were assessed by comparing glucose 
and insulin responses during intravenous glucose tolerance 
tests (IVGTTs) in rats maintained on the basal diet with 
responses in animals fed the same diet supplemented with 
Cr as CrC13 added to the drinking water. In contrast to 
recent studies from other laboratories, lv15 the observations 
shown here confirm findings of early investigators 16 indicat- 
ing that Cr is an essential dietary nutrient for maintenance 
of normal glucose tolerance in the rat. In addition to 
enhancement of insulin effectiveness, 16 the data suggest 
that Cr may be required for normal functioning of the 
endocrine pancreas. 

MATERIALS AND METHODS 

The study protocol and care of animals were approved by the US 
Department of Agriculture Beltsville Area Research Animal Care 
Committee. Weanling male Wistar rats (Charles River Laborato- 
ries, Wilmington, MA) were housed on a 12-hour light/dark cycle 
with constant ambient temperature (25°C) and environmental 
conditions that minimize external Cr contamination from air, dust, 
cages, etc. 17 Fourteen weanling animals were randomly assigned to 
either a Cr-deficient ( -Cr)  diet or Cr-supplemented (+Cr) diet. 
There were technical problems with three animals, resulting in six 
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+Cr and five - C r  animals for final analysis. +Cr rats were 
provided with 5 ppm Cr as CrCI3 in the drinking water. 18 Chro- 
mium was added to water rather than to the diet to minimize 
cross-contamination. Any spills of water were readily contained on 
absorbent paper. The basal low-Cr diet was 55% sucrose, 15% lard, 
and 25% casein (33 __-14 ng Cr/g diet). Standard reference 
materials and methods of Cr analyses have been previously 
described. 19 Recommended levels of vitamins were present in the 
diet, 2° and to minimize Cr contamination, the macroelement 
content of the diet was decreased marginally. The diet contained 
(in milligrams per kilogram of diet) 1,400 sodium, 3,026 potassium 
as chloride, 3,000 calcium as carbonate, 2,400 phosphorus as 
potassium phosphate, and 400 magnesium as sulfate. The following 
trace elements (in milligrams per kilogram of diet) were also 
added: 10 zinc as carbonate, 400 iron as sulfate, 100 manganese as 
carbonate, 0.2 iodine as potassium iodate, 0.5 selenium as selenite, 
6 nickel as acetate, 5 molybdenum as molybdate, 5 tin as chloride, 
and 5 vanadium as vanadate. To compromise functioning of the 
endocrine pancreas, 6,7 Cu 1 mg/kg was fed during the initial 6 
weeks of rapid growth. Cu was present in the diet at recommended 
levels (6 mg/kg) as carbonate salt after the sixth week. High Fe was 
added to enhance signs of Cr deficiency, since Fe competes with Cr 
during absorption and transport. 4,5 

Experimental Protocol 

Longitudinal studies in the basal state. Fasting plasma insulin 
and glucose levels were measured as indicators of the diet's effect 
on insulin resistance. Blood samples for baseline measurements 
were drawn by heart puncture under pentobarbital anesthesia (40 
mg/kg body weight) at 12 and 24 weeks. Following collection, blood 
samples were transferred to polypropylene tubes containing EDTA 
(12 mg/mL). Plasma samples were harvested by centrifugation and 
stored frozen until assay. 

Insulin and glucose responses during IVGTT. The effects of Cr 
deficiency and supplementation on insulin responsiveness of the 
pancreas and sensitivity to endogenous insulin during an IVGTT 
were assessed after 24 weeks on the basal low-Cr diet. IVGTTs 
were performed in overnight-fasted rats anesthetized with pento- 
barbital (40 mg/kg). The right jugular vein was exposed via a neck 
incision and cannulated (PE-50 connected to a 1-mL plastic syringe 
fitted with a 23-gauge needle) for collection of blood samples. 
Heparin 10 U in saline was injected. The left saphenous vein was 
exposed for intravenous glucose administration. Each animal was 
stabilized for approximately 45 minutes to allow recovery from 
hypotension. 21 A baseline sample of blood was drawn, and a bolus 
of glucose 1.25 g/kg body weight (50% dextrose solution) was 
injected into the saphenous vein over a 30-second interval. Follow- 
ing glucose injection (time 0), blood samples (0.50 to 0.80 mL) were 
collected at 3, 5, 7, 10, 13, 15, 17, 20, 25, 30, 40, 50, and 60 minutes 
and processed as indicated earlier. Each sample was replaced with 
an equal volume of warmed electrolyte solution (Normosol-R; 
Abbott Laboratories, Abbott Park, IL) containing 4% dextran 
(Clinical Grade; Sigma, St Louis, MO) and glucose 100 mg/dL. All 
animals were kept warm during the procedure using an incandes- 
cent lamp. Animals were in a semiawake state, and all showed 
normal skin coloration around the nose and mouth. Immediately 
after collection of the 60-minute blood sample, animals were 
euthanized by decapitation and the spleen, testis, and brain were 
removed for measurement of phosphodiesterase (PDE) activity. 
IVGTTs were performed on two animals each day (one of each 
group). 

Assay Procedures 

Plasma glucose and insulin. Glucose concentrations were mea- 
sured in a Centrifichem System 600 using the hexokinase method 

(Serono-Baker Diagnostics, Allentown, PA). Insulin concentra- 
tions were measured using the radioimmunoassay procedure re- 
ported by Albano et al. 22 Samples were assayed in triplicate using 
standards prepared from rat insulin (kindly provided by Eli Lilly & 
Co, Indianapolis, IN). Gamma-counting and data reduction using 
iterative smoothed spline functions were performed with an LKB 
gamma counting system (Model 1282; Wallac, Gaithersburg, MD). 

Tissue PDE activity. The spleen, testis, and brain were quickly 
removed and transferred to ice-cold 50 mmol/L Tris hydrochloride 
buffer, pH 7.4. The spleen and testis were used as representative 
insulin-sensitive tissues, and the brain as insulin-insensitive tissue. 
Following a 10-fold dilution with the same buffer, each tissue was 
homogenized twice at 0°C with a Brinkman Polytron for 10 
seconds. Tissue suspensions were centrifuged (35,000 × g for 20 
minutes at 4°C), and the resultant supernatants were assayed for 
cyclic adenosine monophosphate (cAMP)-dependent PDE activity 
as previously described. 23 

Data Analyses 

Glucose clearance (KG) was calculated from semilog plots of 
plasma glucose concentration (corrected for basal) using the 10-, 
20-, 30-, and 40-minute time points. 24,25 Areas under response 
patterns recorded between 0 and 40 minutes for insulin (Fig 2) and 
glucose (Fig 3) were calculated after subtraction of baseline 
concentration using the trapezoidal rule. All values are the mean -+ 
SEM unless otherwise noted. Differences were determined using 
Student's t test. 

RESULTS 

Both  groups of rats  showed normal  growth ra te  and  body 
weight  gain af ter  the  sixth week  w h e n  Cu con ten t  of  the  diet  
was increased to r e c o m m e n d e d  levels (Fig 1). As is charac-  
terist ic of t r ace -e lement  def ic iency]  6 + C r  animals  showed 
a small bu t  consistent ly g rea te r  weight  gain than  - C r  rats. 
Final  body weights (mean  -+ SD) were 506 -- 47 ( + C r ,  
n = 6) and  475 4- 76 g ( - C r ,  n = 5). 

Af te r  12 weeks on  the  low-Cr diet, bo th  groups of rats  
showed a p r o n o u n c e d  fast ing hyper insu l inemia  ( + C r ,  
103 -+ 13; - C r ,  59 4- 12 p~U/mL) with normoglycemia ( + C r ,  
127 _-2 7; - C r ,  130 4- 4 mg /dL) ,  indicat ing the  p resence  of 
insulin res is tance induced  by the  exper imenta l  diet. As 
compared  with chow-fed animals,  p lasma insulin levels 
were essentially normal  in bo th  groups of ra ts  af ter  24 
weeks ( + C r ,  19 -+ 5; - C r ,  21 -+ 3 txU/mL).  All animals  
r ema ined  normoglycemic at  24 weeks ( + C r ,  124 + 8; - C r ,  

500. 

E- 4-00. 
_1_ 
(_9 
i-;q soo. 

> 200  
C3 
0 
r~ 100 

i 

,,~/6 e - - 0  +CHROMIUM 

/ 
¢ e ~  ~ -  O--O-CHROMIUM 

1'0 1'5 2'0 2'5 

TIME ( w e e k s )  

Fig 1, Body weight gain in -Cr  and +Cr rats. 
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131 --- 6 mg/dL). Fasting insulin and glucose values for 
chow-fed animals were 35 - 9 pM/mL and 135 --- 7 mg/dL, 
respectively. 

Although insulin levels were normal in the basal (unstimu- 
lated) state, the insulin-secretory response to glucose was 
exaggerated in - C r  rats after 24 weeks on the diet (Fig 2). 
Insulin levels in +Cr  rats were approximately 50% lower 
than in - C r  animals. The presence of a late insulin 
response (second-phase) commencing at 7 minutes is appar- 
ent in rats fed the high-sucrose diet. These observations are 
in contrast to responses in chow-fed rats, in which insulin 
levels continue to decline with absence of a late insulin 
response (data not shown). At all time points before minute 
40, levels of insulin remained well above 100 ~xU/mL, 
indicating that hepatic glucose output was fully suppressed 
in all animals studied. 26 Therefore, differences in plasma 
glucose responses measured in these animals (Figs 3 and 4) 
represent differences in glucose utilization and peripheral 
tissue insulin sensitivity, and not altered hepatic glucose 
production. 

Plasma glucose concentrations decayed exponentially 
following glucose administration at time 0 (Fig 3). Levels of 
glucose in + Cr rats tended to be lower than in - C r  animals, 
but differences were not significant. Although the observed 
Cr effects on glucose level are relatively small, they are 
comparable to differences recorded after intravenous glu- 
cose injection in glucose-intolerant obese human subjects, 
in whom blood glucose levels average 5% to 10% higher 
than levels in non-obese control subjects (see Fig 6 in 
Seltzer et alZT). 

More efficient utilization of glucose in +Cr rats is 
illustrated in Fig 4. The I ~  for +Cr  rats of 5.29%/min was 
48% higher than that of - C r  animals, 3.58%/min. The 
mean K~ measured in - C r  rats is 16% to 20% lower than 
values (between 4% and 5%/rain) recorded in normal 
animals fed stock diet. 24 In accordance with the differences 
in K~, significantly larger 40-minute glucose areas were 
recorded in - C r  animals (Table 1). 

In association with the observed modulatory effects on 
pancreatic insulin-secretory response and increased tissue 
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Fig 2. Plasma insulin responses during an IVGTT in - C r  and +Cr 
rats. Preglucose baseline insulin levels are shown. 
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Fig 3. Plasma glucose responses during an IVGTT in - C r  and +Cr 
rats. Baseline glucose levels are shown. 

sensitivity to endogenous insulin in +Cr animals, cAMP- 
dependent PDE activity was significantly enhanced in the 
spleen and testes from +Cr rats (Table 2). PDE in brain 
tissue was not altered by Cr. 

DISCUSSION 

In this study, the basal diet was high in sucrose to 
increase insulin resistance in the experimental animals. The 
use of high sucrose levels (55%) is based on numerous 
studies examining effects of dietary carbohydrate on meta- 
bolic responses and demonstrating that sucrose-fed rats are 
less sensitive to insulin and have significantly higher fasting 
insulin levels than rats fed diets high in starch. 28-3a The 
relatively high percent fat of the diet would also lead to 
decreased insulin sensitivity. 32 The decreased concentra- 
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level corrected for basal. 



CHROMIUM AND INSULIN RESPONSE 

Table 1. Plasma Insulin and Glucose Responses in - C r  and +Cr Rats During an IVGTT 
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Parameter -Cr (n = 5) +Cr (n = 6) Difference Due to Cr (%) P* 

Insulin area (p,U/mL per40 rain)l" 12,142 -+ 2,358 6,971 -+ 841 43 ( $ ) .05 

Glucose area (mg/dL per 40 min) t  10,829 -~ 277 8,916 _+ 617 18 ( $ ) .01 

Glucose clearance (%/min) 3.58 -~ 0.50 5.29 -_+ 1.18 48 ( i" ) NS 

*Level of significance for  differences between - C r  and +Cr rats determined using Student's t tests, 

1"Insulin area above basal, 

:l:Glucose area above basal. 

tions of calcium, potassium, magnesium, and phosphorus 
would have minimal effects on a growing rat, but were 
reduced to minimize Cr contamination. Although reduced 
from American Institute of Nutrition (AIN) levels, 2° concen- 
trations of potassium and magnesium were at or above 
National Research Council recommendations. 33 Concentra- 
tions of trace elements, including Mn, Se, Ni, Mo, Sn, and 
V, were elevated as potential inhibitors of Cr. Increased 
levels of these micronutrients did not lead to significantly 
elevated dietary Cr concentrations. Vanadium, which is 
next to Cr in the periodic table, has been reported to 
compete with Cr, 34 and Mn, which is also next to Cr, 
displayed some competition with Cr in our diet experiments 
(R.A. Anderson and M.M. Polansky, unpublished observa- 
tion, January 1994). Functions of the endocrine pancreas 
are compromised by insufficient CU, 6'7 and high Fe was 
added since high Fe competes with Cr during uptake and 
transport. 4,5 Signs of Cr deficiency in rats are extremely 
marginal if Cr is simply not added to a balanced diet. 
Chromium seems to exert much larger effects under dietary 
or physical stresses. 35 

The observations reported here and in other studies from 
this laboratory examining intravenous glucose tolerance in 
Cr-deficient rats 36 are in accordance with the proposal that 
impaired glucose tolerance in Cr deficiency reflects defects 
in peripheral tissue sensitivity to insulin. 16 The presence of 
hyperinsulinemia in association with impaired glucose toler- 
ance indicates decreased peripheral tissue sensitivity to 
insulin in the Cr-deficient state. The smaller insulin re- 
sponse area in the + Cr group was comparable in magnitude 
to the area measured in stock-fed animals (data not shown), 
suggesting that preservation of normal 13-cell glucose sensi- 
tivity may be a significant function of dietary Cr. The 
insulinogenic index expressed as the ratio of incremental 
insulin area to the associated incremental glucose area 
provides a semiquantitative estimate of 13-cell responsive- 
ness to glucose. 27 A lower ratio in the +Cr  group, 0.80, as 
compared with that in the - C r  group, 1.10, supports the 

Table 2. cAMP PDE Activity in Specific Tissues From - C r  and +Cr 
Rats 

Tissue -Cr (n - 7) +Cr (n = 7) Difference (%) P* 

Spleen 116 -+ 20 151 --- 10 30 <.001 

Testis 64 -+ 9 86 -+ 12 25 < .01 

Brain 118 -+ 10 108 +- 13 - -  NS 

NOTE. PDE activity is cAMP-hydrolyzed (pcmol /min/mg protein). 

*Level of significance for  differences between - C r  and +Cr rats 

determined using Student's t test. 

conclusion that [3-cell overproduction of insulin was pre- 
vented in +Cr  rats. In addition, the 48% increase in KG, 
which occurred at lower insulin levels in +Cr  animals, 
indicates that dietary Cr is required for maintenance of 
normal tissue sensitivity to endogenous insulin. 

In accordance with the findings shown here in rats, 
studies in human subjects demonstrate normalization of 
insulin responses to oral glucose as a result of supplementa- 
tion with either Cr-rich brewer's yeast or  CrCI3. 37-42 With 
the exception of one study in siblings of insulin-dependent 
diabetics 42 reporting restorative effects on insulin compa- 
rable in magnitude to the Cr effect in rats shown here 
(45-minute peak insulin response to oral glucose - 2 5 %  
lower), the modulatory effects of Cr on insulin concentra- 
tions in humans have been relatively small. All of the 
studies demonstrating normalization of insulin responses to 
g l u c o s e  37-42 suggest that dietary Cr may reverse compensa- 
tory changes in pancreatic [3-cell sensitivity to glucose by 
increasing peripheral tissue insulin sensitivity and thus 
decreasing insulin requirements. 16 However, it should be 
noted that in accordance with the existence of a direct 
correspondence between glucose tolerance and pancreatic 
insulin-secretory responsiveness to glucose are studies of 
some investigators indicating that [3-cell sensitivity to glu- 
cose may be enhanced by Cr supplementation. 43 In accor- 
dance with this, increased glucose utilization is the result of 
elevation of circulating insulin levels. In relation to this, we 
have observed enhanced first-phase insulin secretion in 
perfused pancreas from +Cr  rats fed diets high (72%) in 
s u c r o s e .  44 

In the studies described here, mild impairments of 
glucose tolerance and insulin resistance were present in 
unsupplemented - C r  animals after 24 weeks on the experi- 
mental diet. The high dietary sucrose content also contrib- 
uted to the pronounced 13-cell hyperactivity observed in this 
group of rats. In accordance with this are in vitro studies 
demonstrating insulin-secretory hyperresponsiveness in per- 
fused pancreas from sucrose-fed rats? 5,46 The presence of a 
late insulin response observed in both groups of animals fed 
the same sucrose-containing diet similarly concurs with the 
in vitro pancreas-perfusion data of these investigators 
demonstrating that significant enhancement of second- 
phase insulin release occurs in response to sucrose feed- 
ing. 45,46 Based on measurement of systemic insulin levels 
and response, hyperinsulinemia may be the result of in- 
creased [3-cell secretion of insulin in - C r  animals, with Cr 
acting to prevent 13-cell hyperactivity in + Cr rats. However, 
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altered hepatic and renal clearance of insulin cannot be 
ruled out. Enhanced hepatic clearance of insulin in +Cr 
rats would also result in lower circulating insulin levels. 
Recent studies demonstrating that Cr picolinate stimulates 
insulin internalization in cultured muscle cells 47 support the 
conclusion that the insulin-lowering effect of Cr in + Cr rats 
may be due in part to enhanced clearance of insulin. In 
addition, compared with rats fed low-Cr diets containing 
starch, rats fed low-Cr sucrose diets show significantly 
greater depletion of tissue levels of Cr. 1° Similar depletion 
effects of dietary sucrose on the tissue status of other 
micronutrients have been observed. 48 This is in agreement 
with findings reported by Flatt et al, 15 who failed to observe 
Cr-deficiency symptoms in rats fed a starch diet low in Cr. 
Thus, based on the possibility that mobilization and deple- 
tion of bioactive Cr from tissue stores occurs during active 
bouts of insulin secretion, 16 [3-cell hyperresponsiveness in 
sucrose-fed rats would promote depletion of bioactive 
forms of Cr. All these observations support the conclusion 
that depletion of tissue Cr stores and expression of Cr- 
deficiency effects are significantly enhanced by the presence 
of sucrose in the experimental diet. However, the effects of 
dietary sucrose on glucose tolerance are controversi- 
al. 31'45'49"53 As noted by others, 53 much of this disagreement 
may reflect differences in sucrose levels used by various 
investigators. Studies reported by some investigators indi- 
cate that high-carbohydrate and high-sucrose diets result in 
improved glucose tolerance at lower basal insulin levels and 
unchanged insulin response. 49,5°,53 In such a situation (high 
sucrose and low fat), it is possible that Cr supplementation 
has minimal or no beneficial effects on glucose tolerance 
because peripheral tissue insulin sensitivity is already in- 
creased significantly. In agreement with this, we have 
observed no effects of Cr supplementation on intravenous 
glucose tolerance in rats fed a low-Cr diet high in carbohy- 
drate content (72% starch), with high Ka values measured, 
namely 7.04% +- 0.91%/rain (n = 7) in +Cr and 8.46% _+ 
1.13%/rain (n = 7) in - C r  rats, indicating the presence of 
enhanced tissue insulin sensitivity in these animals (J.S. 
Striltter, M.M. Polansky, and R.A. Anderson, unpublished, 
January 1992). Similar observations (KG > 7.0%/rain) have 
been reported by others studying the effects of carbohy- 
drate feeding on glucose tolerance in rats. 53 In general, 
diets with carbohydrate content greater than 70% 53 im- 
prove glucose tolerance by increasing carbohydrate metabo- 
lism and enhancing insulin sensitivity in peripheral tis- 
sues, 5°,52 without increasing insulin responsiveness. This 
suggests a dissociation between insulin response and insulin 
sensitivity. 

Comparable to exercise training, 53,54 adaptation to low 
temperaturey and feeding a very-high-sucrose d i e t ,  49,5°,53 a 

direct correspondence between insulin responsiveness and 
glucose tolerance did not exist in rats supplemented with 
CrC13. Thus, as compared with - C r  animals, insulin re- 
sponse areas were significantly decreased and glucose areas 
were significantly smaller, reflecting increased K~ in + Cr 
rats. In addition, studies in humans 28,56 and in rats 55-5v 
support the conclusion that a strong association between 

obesity and elevated basal and stimulated levels of insulin 
exists. In accordance with studies reported by Richard and 
LeBlancy Vallerand et a155 observed a highly significant 
and positive correlation between incremental insulin area 
and body weight gain. In the current studies, - C r  rats had 
lower body weights and higher insulin responses, and +Cr 
rats were heavier and had decreased insulin responses. In 
summary, the absence of a direct correspondence between 
insulin-secretory response and glucose tolerance or body 
weight suggests that the two effects of Cr observed here, ie, 
normalization of insulin responses to intravenous glucose 
and increased I~ ,  are relatively independent and may 
represent distinct physiological actions of this dietary con- 
stituent. 

In these studies, we observed decreased cAMP-depen- 
dent PDE activity in testes and spleen from - C r  rats versus 
+Cr animals. Assuming that [3-cell cAMP PDE activity is 
also decreased in - C r  rats, high levels of cAMP in the 
pancreata of these animals could be responsible, in part, for 
the observed exaggerated insulin release. This hypothesis is 
based on studies suggesting that glucose-dependent insulin 
secretion also requires calmodulin. 58,59 Since cAMP PDE 
activation requires the presence of bound forms of active 
calmodulin, hypersecretion of insulin could be the result of 
defective functioning of this protein in B cells of - C r  rats. 
In support of this hypothesis are in vitro studies demonstrat- 
ing that Cr +3 is bound by calmodulin with high affinity at 
intracellular levels of this micronutrient. 6° The proposal 
that the Cr effect on insulin secretion observed here may 
involve a Cr+3-calmodulin interaction in B cells is sup- 
ported by pharmacological studies using isolated rat islet 
preparations. 61 

Regarding the direct effects of Cr on the endocrine 
pancreas, Hubner et a114 recorded a significant decrease of 
the 30-minute insulin response to intraperitoneal glucose 
administration in gravid female rats given large doses of 
CrC13 (1 mg Cr) by stomach tube daily for 7 weeks during 
and after gestation. This effect of Cr in rats fed a Cr- 
adequate diet was not associated with any change in glucose 
tolerance. These findings, suggesting direct involvement of 
Cr in functioning of the endocrine pancreas, are in general 
accordance with observations shown in this study in rats, as 
well as in studies using human subjects supplemented with 
CrC13 at nutritional levels. 38-4° 

In conclusion, under the experimental conditions speci- 
fied here, it is clearly demonstrated that dietary Cr is 
required for maintenance of normal glucose tolerance in 
the rat. This effect of Cr supplementation includes preven- 
tion of insulin-secretory hyperresponsiveness produced in 
rats fed a high-sucrose diet low in Cr. In addition to 
preservation of normal peripheral tissue insulin sensitivity, 
Cr may also have a modulatory role in maintenance of 
normal [3-cell glucose sensitivity. These effects of Cr on 
glucose tolerance and B-cell functioning are associated with 
increased cAMP-dependent PDE activity in certain tissues 
of +Cr animals. 
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