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ABSTRACT

Background: Chromium, an essential trace mineral plays an important role in the metabolism of carbohydrate, fat
and proteins. Chromium picolinate (Cr.Pic) is used in alternative medicine to treat chromium deficiency. Though
Cr.Pic is increasingly used to treat diabetes and obesity, studies on its safety profile is limited.

Methods: Acute toxicity study was conducted by oral administration of Cr.Pic (2000 mg/kg body weight). The
animals were maintained another 14 days with once a day observation. For sub-chronic studies, test groups were
treated with Cr.Pic 10 mg/kg/day for 90 days. Tests for hepatic and renal function were conducted. Effect of Cr.Pic on
behavioural changes and motor co-ordination was done on every week. Histopathological studies were conducted on
day 90 at the end of the experiment.

Results: Acute toxicity study of Cr.Pic showed no signs of toxicity and mortality. Absence of any behavioural
alteration or mortality during the period of 14 days indicates that Cr.Pic has no latent effect. Similar results were
obtained with sub-chronic studies suggesting safety of Cr.Pic. Cr.Pic treated groups showed no changes in learning
and motor co-ordination compared to the untreated group. No gross histopathological changes were seen in any group
indicating safety of Cr.Pic.

Conclusions: The present study conferred safety profile of Cr.Pic from normal results obtained in hepatic function,
renal function, behavioural and histopathological studies, suggesting its safety.
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INTRODUCTION

metabolism of carbohydrate, fat and protein.? Several
pharmacological agents such as insulin-sensitizing agents

Chromium picolinate is a chemical compound derived
from Chromium and picolinic acid. It has been used in
alternative medicine to treat chromium deficiency, as an
aid in controlling blood sugar in diabetics or prediabetics,
to lower cholesterol and to promote weight loss.®
Chromium is an essential trace mineral that occurs
naturally in small amounts in some foods, including
brewer's yeast, lean meat, cheese, pork kidney and whole
grain bread and cereals. It is poorly absorbed by the
human body but is known to play an important role in the

may be used to reduce or control the body weight and
obesity. One of such agents, chromium (Cr) has been
examined in some animal studies and clinical studies for its
anti-obesity effects.® Inadequate amounts of Chromium may
result in improper functioning of the metabolic process and
lead to a number of physiological disorders that increase risk
for diabetes and cardiovascular diseases including elevated
circulating insulin, glucose, triglycerides, total cholesterol,
reduced HDL-cholesterol and impaired immune function.**
Dietary deficiency of chromium is believed to be positively
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associated with the risk of diabetes and its complications.® In
several animal and human studies, chromium complex of
picolinic acid, the most popularly used dietary supplement,
has been shown to modulate intracellular pathways of
glucose metabolism and improve co-morbidities associated
with insulin resistance.”®

In a clinical trial, Martin and associates demonstrated an
improvement in insulin sensitivity and glycated
haemoglobin in subjects with type 2 diabetes who
received chromium picolinate.” Chromium picolinate is a
stable compound for better absorption and it contains
trivalent chromium which is chelated to three picolinic
acid molecules.® In recent years its usage has been
increased for diabetes and obesity but there are not many
studies on safety profile of Chromium Picolinate; thus
this study was designed to evaluate the safety profile of
Chromium picolinate (Cr.Pic) on rats by acute and sub
chronic toxicity studies.  The rats were grouped
according to the diet that they were fed with and the
treatment that they received. It is well documented that
overeating and obesity can be produced in experimental
animals like rats by offering them diets that are high in
fat, sugar or both. The most pronounced effects are
obtained when the animals are offered an assortment of
tasty fat and sugar-rich foods marketed for human
consumption, which is referred to as the cafeteria diet.****
This study is further implicated for evaluation of anti-
hyperlipidaemic, anti-obesogenic and anti-atherosclerotic
effects of Cr.Pic. So as to evaluate all these effects of
Cr.Pic we fed few of the rats with cafeteria diet and
grouped them accordingly. Our present study is carried
out as a preliminary study to evaluate the safety profile of
Cr.Pic even before getting into the study of its anti-
hyperlipidaemic, anti-obesogenic and anti-atherosclerotic
effects.

METHODS
Grouping of wistar albino rats for acute toxicity study

As per the IAEC guidelines acute toxicity study by oral
route was carried out in two groups of wistar albino rats with
4 animals in each group (2 male and 2 female) to ascertain
any mortality at the dose level of 2000 mg/kg body weight.
Allocation of the groups for treatment was as follows:

Group |: rats served as control and were treated with 2 ml
of distilled water (D.W) and Group Il: rats were given
Cr.Pic 2000 mg/kg body weight in 2 ml of D.W

Observations were made for any physical manifestation
at 1, 2, 4 and 8 hours after oral administration. This
included observation of skin and fur, eyes and mucous
membranes, respiratory pattern, heart rate, autonomic and
central nervous system manifestations and changes in
behavior. Observation was made for any mortality during
the 24 hour period following administration of the test
materials. The animals were maintained for another 14
days with once a day observation.*

Sub chronic study

Sub chronic studies (90 days) were conducted to get data
on safety profile and to find its toxic impact and
pharmacological significance of biochemical as well as
behavioural alterations consequent to repeated daily
administration  of the Cr.Pic. To correlate
pharmacological significance of biochemical changes
during daily treatment as well as to assess the toxic
impact, the animals were monitored for behavioural
parameters weekly, serum biochemical parameter
analysis periodically at 30 days intervals and
histopathological assessment done after sacrifice at the
end of the experimental period.

Grouping of rats for sub chronic study

The rats were divided into 4 groups of six animals each
for 90 days study. After 1 week of adaptation period
treatment was started.

In Group 1, rats were fed normal-diet (ND) and treated
with DW, in Group 2, rats were fed ND and treated with
Cr.Pic. 10 mg/kg/day. Rats were fed cafeteria-diet (CD)
and ND and treated with DW in Group 3 and rats were
fed CD and ND and treated with Cr.Pic.10 mg/kg/day in
Group 4.

Cr.Pic solution was prepared fresh daily and the dose
volume was adjusted to 1 ml/day. Group 2 and 4 rats
were treated with Cr.Pic every day. Group 3 and 4
received fixed quantity of CD as mentioned below as
well as pellet-chow (ND) and water ad libitum for 90
consecutive days. Group 1 and 2 rats were fed only with
pellet-chow and water ad libitum.

Composition of CD

The CD consisted of 3 diets, (a) condensed milk (8 gm) and
bread (8 gm); (b) chocolate (3 gm) and biscuit (6 gm) with
dried coconut (6 gm); (c) cheese (8 gm) and boiled potato
(10 gm). The three diets were presented to the individual rats
on day one, two and three, respectively, and then repeated in
the same succession.™

Sample collection and estimation of hepatic and renal
function test

During the treatment period, the animals were observed
daily for toxic manifestations. Hepatic and renal function
test were assessed on 0, 30", 60" and 90" day of
treatment. Blood was collected from the retro-orbital
plexus of the rats after induction of mild anaesthesia with
diethyl ether using micro capillary tubes for biochemical
parameters.'* The tubes containing blood for biochemical
analyses were kept in slant position for 2 hrs. The exuded
serum was decanted and centrifuged at 1000 rpm for 10
min. The clear supernatant serum was subjected to
biochemical evaluations.
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The estimation of the levels of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), total protein, aloumin, globulin, A/G
ratio, total bilirubin, direct bilirubin and indirect bilirubin
as a part of hepatic function test and the levels of urea,
creatinine and uric acid as a part of renal function test
was done on the blood collected from all the rats once on
0, 30", 60" day of the study and then at term. The hepatic
and renal functions were determined by using a
commercially available reagent kit (Merck).

Behavioural study

All the rats were initially trained in the below instruments
and thereafter once every week recordings were taken
after the treatment to see the influence of Cr.Pic on
behavioural changes and motor coordination.

Maze

The apparatus consists of two chambers A and B,
separated by a maze. Rat was placed in chamber A and
allowed to explore the maze and the reward (pellet-chow)
was provided at chamber B. The time taken by the rats to
traverse the maze and to reach the food compartment was
recorded and considered as the criteria for successful
learning and memory activity."

Actophotometer

It operates on photoelectric cells which are connected in
circuit with a counter. The locomotor activity of rat is
recorded when the beam of light falling on the photo-cell
is cut off by it."

Rotarod

This test was done to evaluate motor deficits in rats.
Rationale of it is to make the animal to maintain itself on
a rotating rod, the time for which is recorded in seconds
and the animal having defective motor coordination drops
from the rod."’

Histopathological study

At the end of the experiment (90 days), the animals were
sacrificed with an overdose of ether. Visceral organs like
brain, heart, lung, liver, kidney and spleen were removed.
The tissues initially fixed in formalin were subjected to
dehydration and then blocked in paraffin wax, which
were then sectioned into ribbon and fixed on glass slides.
Tissue sections stained with haematoxylin and eosin were
examined by light microscopy for histopathological
evaluations.™®

Assessment of the results
Within the group comparison was made between initial

(day ‘0’) reading and readings recorded at different
intervals (durations) in the same animal to overcome the

disparity in initial values between the different groups. In
between group comparison was made, all the groups were
compared with group 1.

Statistical analysis

For statistical significance p<0.05 was kept as the
minimum requirement.

RESULTS
Acute toxicity study

There was no mortality and no signs of toxicity up to 2000
mg/kg body weight and hence it was considered to be safe.

Sub chronic study

Behavioral study

15y Effect of CrPic on Leaming and Memory A

——Group1 —4Group? —4=Giup3 %= Group4

Figure 1: Effect of CrPic on learning and memory by
maze in wistar albino rats fed with CD (Transit
time in seconds).

Group 1: Normal Diet (ND), Group 2: ND + Cr Pic 10 mg/Kg,
Group 3: Cafeteria Diet (CD) + ND, Group 4: CD + ND + Cr
Pic 10 mg/Kg, n=6. Mean+S.D. a - compared with day ‘0’, b -

compared with group ‘1°. *p<0.05, **p<0.01, ***p<0.001.

Effect of CrPic on learning and memory by maze in
wistar albino rats fed with CD (transit time in seconds).

Within group comparison

Significant decrease in transit time was noticed in group 1
and 2 from day 35, whereas significant increase in transit
time was seen in group 3 from day 70 when compared to
their initial level (day 0).

In between group comparison
Significant increase in the transit time was observed in

group 3 and 4 after 21 days of the study when compared
to group 1 on their respective days.
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Figure 2: Effect of CrPic on locomotor activity by
actophotometer in wistar albino rats fed with CD
(counts/3 minutes).

Group 1: Normal diet (ND), Group 2: ND + Cr Pic 10 mg/Kg,
Group 3: Cafeteria Diet (CD) + ND, Group 4: CD + ND + Cr
Pic 10 mg/Kg, n=6. MeantS.D. a - compared with day ‘0’, b -

compared with group ‘1°. *p<0.05, **p<0.01, ***p<0.001.

Effect of CrPic on locomotor activity by actophotometer
in wistar albino rats fed with CD (counts/3 minutes).

Within group comparison

Locomotor activity of the rats was found to be unaffected
in all the groups except group 3, where a significant
decrease in locomotor activity was noticed from 70" day
of the treatment.

In between group comparison

There was no statistical significance in any of the groups
when compared to the control group at any time of the
study whereas a significant decrease in locomotor activity
was seen in group 3 on day 84 & 90 when compared to
group 1 on their respective days.

Effect of CrPic on motor coordination by rotarod in
Wistar albino rats fed with CD (seconds).

Within group comparison

Animals of the control as well as the test groups were able to
maintain on the rotarod. There was no significant deficit in
motor coordination seen in the groups except group 3, where
a significant decrease in time was observed from day 63
compared to their initial level (day 0).

In between group comparison

There was no significant deficit in any of the groups when
compared to the control group at any time of the study
except group 3, where a significant decrease in motor
coordination was noticed from day 49 when compared to
group 1 on their respective days.

Effect of CrPic on Motor Coordination
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Figure 3: Effect of CrPic on motor coordination by
rotarod in wistar albino rats fed with CD (seconds).
Group 1: Normal Diet (ND), Group 2: ND + Cr Pic 10mg/Kg,
Group 3: Cafeteria Diet (CD) + ND, Group 4: CD + ND + Cr
Pic 10 mg/Kg, n=6. Mean + S.D. a - compared with day ‘0, b -

compared with group ‘1°. *p<0.05, **p<0.01, ***p<0.001.

Effect of Cr.Pic on liver function test in ND fed rats and
CD fed rats.

Within group comparison

There was no significant change noticed in serum AST,
albumin, total bilirubin, direct bilirubin and indirect
bilirubin levels recorded at various intervals during the
experimental period in all groups compared to their initial
level (day 0).

Significant increase in serum ALT level was seen in
group 4 on day 90. ALP level was increased in group 3 on
day 60, 90 and in group 4 on day 90, A/G ratio in group 3
was high on day 90 when compared to their initial level.

There was significant decrease in serum total protein and
globulin in group 3 on day 90 compared to their initial
level, this decrease in serum total protein and globulin
was not seen with Cr.Pic treated group.

In between group comparison

Compared with the group 1 (control), serum AST levels
were significantly increased on day 30 and 60 in group 3.
The serum ALT levels were significantly decreased in
group 3 on day 0, 30 and 60 compared to the control
group. Treatment with Cr.Pic in group 4 prevented this
change in the serum levels of AST and ALT.

ALP levels in group 4 showed a significant increase on day
0, 30, 60 and 90 compared to control group. There was a
significant decrease in serum Total Protein in group 3 on day
60 and 90 when compared to group 1, whereas treatment
with Cr.Pic in group 4 prevented this decrease in total
protein. A/G ratio was significantly increased in group 3 on
day 90 compared to group 1, whereas treatment with Cr.Pic
in group 4 prevented this increase in A/G ratio.
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The other parameters in liver function test like albumin, and there was no significant difference when compared to
globulin, total bilirubin, direct bilirubin and indirect control group.
bilirubin were all within normal limits in all the groups
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Figure 4: Effect of Cr.Pic on liver function test in ND fed rats and CD fed rats.
Group 1: Normal Diet (ND), Group 2: ND + Cr Pic 10 mg/Kg, Group 3: Cafeteria Diet (CD) + ND, Group 4: CD + ND + Cr Pic 10
mg/Kg, n=6. Mean+S.D. a - compared with day ‘0, b - compared with group ‘1°. *p<0.05, **p<0.01, ***p<0.001.
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Figure 5: Effect of Cr.Pic on renal function test in ND fed rats and CD fed rats.
Group 1: Normal Diet (ND), Group 2: ND + Cr Pic 10 mg/Kg, Group 3: Cafeteria Diet (CD) + ND, Group 4: CD + ND + Cr Pic
10mg/Kg, n=6. MeanS.D. a - compared with day ‘0°, b - compared with group ‘1°. * p<0.05, ** p<0.01, *** p<0.001.

Within group comparison: There was no significant
change in serum urea, creatinine and uric acid levels
recorded at various intervals during the experimental
period in any of the groups except group 4 on day 90
compared to their initial urea level (day 0). Increased
serum creatinine level was seen in group 3 on day 60 and
group 4 on day 90 compared to their initial level.
Significant increase in uric acid level was observed in
group 3 and 4 on day 90 compared to their initial level.

In between group comparison: Compared to the control
group, a significant increase in the levels of urea has been
observed on all the respective days of study in group 3, while
in group 2 and 4 there is no much statistical difference in
comparison to the control. There was no significant change
in creatinine and uric acid in any of the groups compared to
control (group 1) throughout the study.

Histopathological study (Figure 6)

At the end of the experiment, control rats as well as
animals treated with Cr.Pic showed no abnormal
postmortem findings. Treatment with Cr.Pic has not
caused any morphological alteration in liver, heart,
kidney, brain, lung and spleen in any of the rats. The
histopathological assessment has not shown any toxic
effect in the essential tissues. In all these tissues the
normal architecture has not been disturbed and no specific
lesion was seen. Normal architecture of hepatic lobules,
hepatocytes, portal triads, sinusoids was all well
preserved in rats treated with Cr.Pic. There was no
histopathological change observed in sections of liver in
any of the groups except for mild steatosis in group 3 rats.
Sections of heart from control as well as Cr.Pic treated
rats showed no adverse lesions. Sections of kidney
showed normal architecture of glomeruli and tubules in
all the rats. No specific lesion was seen in sections of
brain, lung and spleen in any of the groups.
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Figure 6: Histopathological study.

DISCUSSION

Acute toxicity study was conducted by oral administration of
Chromium Picolinate (2000 mg/kg body weight). Cr.Pic was
non-lethal as no mortality was seen. Absence of any
behavioral alteration or mortality during the post-observation
period of 14 days indicates that administration of a single
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dose of Cr.Pic has no latent effect. Absence of mortality due
to daily administration of Cr.Pic (10 mg/kg body weight) in
the sub chronic study is also indicative of the safety during
long-term administration.

Administration of Cr.Pic (10 mg/kg body weight) for 90
days (sub chronic study) has not caused any gross
variation in the normal ranges of the serum biochemical
parameters studied, ruling out the possibility of any toxic
effect and thus can be considered as safe. Absence of any
pathological change investigated by histopathological
studies is furthermore supportive of this.

Toxicity studies in animals are commonly used to assess
potential health risk in humans caused by intrinsic adverse
effects of chemical compounds. These adverse effects
may manifest significant alterations in the levels of bio-
molecules such as enzymes and metabolic products,
normal functioning and histomorphology of the organs.**

Administration of Cr.Pic for 90 days seems to have no
injurious effect on the neuronal functions. Deficits in
neuronal function can lead to alterations in cognitive and
motor behaviors.”® In animal models, cognitive function is
usually measured in a maze and motor function is
assessed by the ability of a rodent to maintain itself on a
slowly rotating rod.

The study on the behaviour of rats here showed that the
treatment with Cr.Pic produced no defective motor
coordination or any other motor or learning deficits in any
of the groups. While assessing the learning and memory
of rats by maze, a statistically significant increase in the
transit time was seen in group 3 CD fed rats from the 70th
day of study. This could be attributed to the rats’ lack of
interest on the reward (pellet chow) as they were fed with
the much more tastier cafeteria diet every day and this
would have happened as a part of their learning and
memory skills in the due course of 70 days time. However
in group 1 and Cr.Pic treated group 2 rats showed a
decrease in transit time through the maze. This could be
because they were not fed with Cafeteria Diet (CD) and
hence have shown interest in the reward (pellet chow).
Treatment with Cr.Pic in CD fed rats compared to their
initial transit time showed no significant change. The
transit time through maze is found to be unaffected during
treatment of Cr.Pic for 90 days. This is an indication of
the absence of any impairment of working memory which
describes the ability of the subject to hold specific
information, like places previously visited, in memory.?

Treatment with the Cr.Pic for 90 days has not altered the
motor activity as the actophotometer counts are more or
less similar in group 1 and Cr.Pic treated groups.
However, in group 3 animals there was a decrease in the
motor activity in last few weeks of experimental period.
This could be because of increase in body weight of the
rats as they were fed with high fat diet (CD).

Deficits in motor function can result in decrease in
balance, muscle strength and coordination. The ability of
an animal to maintain itself on a rotating rod requires the
components of learning and motor coordination. Motor
coordination has been assessed in the present study by
rota-rod performance. Motor coordination has not been
hindered by Cr.Pic during 90 days of exposure. From the
result of the rota-rod performance, it could be seen that
treatment with Cr.Pic has not caused any deficit in
learning and motor coordination as the animals belonging
to the group 1, 2 and 4 were able to maintain on the rota-
rod for the trained duration of 180 seconds. A mild
declining trend in the performance in last few weeks of
experimental period was seen in CD fed untreated rats
(group 3) and this could be because of increase in body
weight of the rats.

Repeated administration of Cr.Pic (10 mg/kg/day) for 90
days has not affected the learning & memory, loco motor
activity and motor coordination of the experimental rats
as per the results observed in the study. Thus there were
no alterations in the behavior, suggesting its safety.

Liver is the major organ responsible for metabolism of
toxic substances that enter the body and the functions of
the liver can be detrimentally altered by liver injury
resulting from acute or chronic exposure to toxicants or
by situations affecting both R-oxidation and the
respiratory chain enzymes. Further, hepatotoxicity has
been viewed as liver injury associated with impaired liver
function caused by exposure to drug or other non-
infectious agents or herbs. Serum enzyme activities are
used as indicators of chemical-induced liver damage. The
study on the activities of different biomarkers such as
AST, ALT, ALP, Bilirubin and the concentration of Total
Protein have been found to be of great value in the
assessment of clinical and experimental liver damage.
Membrane damage releases the enzymes into circulation
and therefore they can be measured in serum.? Evaluation
of serum total proteins, albumin and globulin are good
criteria for assessing the secretory ability/functional
capacity of the liver.* Albumin levels are usually reduced
in chronic liver diseases, congestive heart failure and
nephritis. Increase in the serum bilirubin may arise from
excessive haemolysis, cytotoxicity to the liver or from
obstruction in bile ducts resulting in cholestasis.”® Total
Bilirubin concentration indicates the functional transport
capacity as well as conjugating ability of liver.?* In the
present study significant changes are observed in AST,
ALT, ALP, Total Protein, Globulin, A/G ratio in CD fed
group 3 and group 4 (treated with Cr.Pic) but this changes
were not seen in group 2 treated with Cr.Pic which were
fed with ND alone. This change in serum biochemical
parameters in group 3 and 4 is not accompanied by any
structural damage as revealed by the histology of liver in
animals treated with Cr.Pic fed with CD, thus except for
some functional alteration which could be due to cafeteria
diet, there was no structural alteration in liver indicating
absence of any permanent damage.
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Kidney is a susceptible organ to toxic injuries by drugs and
toxins, because of a high blood supply and the presence of
cellular transport systems that cause accumulation of these
compounds within the nephron epithelial cells. Glomerular,
tubular and interstitial cells frequently encounter significant
concentrations of medications and their metabolites, which
can induce changes in kidney function and structure. Renal
toxicity can be a result of hemodynamic changes, direct
injury to cells and tissue, inflammatory tissue injury and/or
obstruction of renal excretion® As a measure of renal
function status, serum urea, creatinine and uric acid are often
regarded as reliable markers. In the present study, no
significant alteration in serum urea, creatinine and uric acid
was seen during exposure to Cr.Pic treatment for longer
duration in ND fed rats. Whereas increase in serum urea,
creatinine and uric acid level was seen in CD fed rats, group
3 and 4. This increase in the level of serum urea, creatinine
and uric acid could be attributed to cafeteria diet. However
no toxic impact has been observed in histology of the
experimental rat’s kidney. Thus there was no pathological
change in renal sections of Cr.Pic treated groups and the
sections were similar to that of the control group. This
indicates the absence of any renal damage.

Histopathological examination revealed mild hepatic
steatosis induced by cholesterol rich high fat diet, CD.
These effects were not observed when the rats were given
cholesterol rich CD along with Cr.Pic. There were no
pathological changes in the liver, kidney, heart, lung,
spleen and brain of Cr.Pic treated groups. An oral
administration of Cr.Pic (10 mg/kg/day) for 90 days has
not caused any structural alteration in liver, kidney, heart,
lung, spleen and brain. In all these tissues the normal
architecture has not been disturbed and no specific lesion
was seen except for a mild congestion in some of the
animals. These observations assessed in conjunction with
the results of the biochemical parameters, indicates that
repeated administration of the Cr.Pic (10 mg/kg/day) for
90 days has not produced toxic impact on essential
organs. Hence, the possibility of any toxic effect is ruled
out and thus it can be considered to be safe.

CONCLUSION

This study conferred reasonable safety profile of Cr.Pic (10
mg/kg/day) from normal results obtained in hepatic function,
renal function, behavioral, learning and motor co-ordination
and histopathological studies, suggesting its safety in rats. On
further extensive clinical studies, Cr.Pic can be considered as
safe.
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