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INTRODUCTION 

The naturally occurring biologically active form of 

chromium is chromodulin and it has been found to be 

beneficial to control carbohydrate, lipid and fat 

metabolism. Its deficiency has been observed in a host of 

human diseases starting with DM and extending to 

cardiac, liver, renal, reproductive and phychiatric 

disorders. This review article highlights the various 

research findings done during the last two decades. 

 

Chromium and Diabetes Mellitus 

Chromium (Cr) as an essential trace element in 

metabolism of carbohydrate, lipid and protein is 

currently prescribed to control DM. Glycated 

Hemoglobin (HbA1c) change in diabetic patients in Cr 

supplement therapy shows improvement. Cr lowers 

Fasting Plasma Glucose (FPG) but does not affect 

HbA1c, lipids and Body Mass Index (BMI)
[1]

. Chromium 

Picolinate (CrPic) is a widely available nutritional 

supplement marketed for a plethora of afflictions. There 

is some evidence, including results from human studies, 

that it has a role in glucose homeostasis and it continues 

to fall squarely within the scope of "alternative 

medicine," with both unproven benefits and unknown 

risks. It deserves closer scrutiny with additional 

prospective, randomized, double-blind, placebo-

controlled trials to evaluate its efficacy in improving 

outcomes in patients with diabetes 
[2]

.  

 

Cr appears to have a beneficial role in the regulation of 

insulin action and its effects on carbohydrate, protein and 

lipid metabolism and it is an important factor for 

enhancing insulin activity. Studies show that people with 

Type 2 Diabetes Mellitus (T2DM) have lower blood 

levels of Cr than those without the disease. Supplements 

containing 200-1,000 mcg CrPic a day have been found 

to improve glucose control and it is the most efficacious 

form of Cr supplementation supported by numerous 

animal studies and human clinical trials 
[3]

. Cr has been 

established to be an essential trace element in mammals 

in regard to maintenance of normal carbohydrate 

metabolism. Supplementation studies in human subjects 

in documented deficiency showed improved glucose 

levels. However, controversy exists as to whether dietary 

supplementation with Cr should be routinely 

recommended in subjects without documented 

deficiencies. A clinical response to Cr (ie, decreased 

glucose and improved insulin sensitivity) may be more 

likely in Insulin-Resistant (IR) individuals with T2DM 

who have more elevated FPG and HbA1c levels 
[4]

. Cr 

supplementation seems to improve glycaemic control in 

T2DM, which appears to be due to an increase in insulin 

action rather than stimulation of insulin secretion 
[5]

. 
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ABSTRACT 

Chromium is found to have beneficial effects in a wide range of human ailments. Its beneficial effects have been 

studied extensively in DM, related to control of obesity, IR and OS. It is also found to have beneficial effects on 

cardiac, liver, renal, neuropsychiatric and immune systems. Its role in the curative aspects of PCOS, infertility and 

reproductive problems have also been studied. This review article brings into a nutshell the research findings 

during the last two decades on the role and beneficial effects of this important trace metal in all the diseases 

mentioned above. Further studies are required using large population size in each type of human disease and to 

establish a standardized  procedure for measuring this metal on biological samples and to workout standard and 

easily implementation type protocol  for supplementation based on its circulating level in blood. 
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Intervention trials have shown the beneficial effects of 

Cr supplementation in T2DM. In population of elderly, 

diabetic patients undergoing rehabilitation, dietary 

supplementation with Cr is beneficial in moderating 

glucose intolerance. In addition, Cr intake appears to 

lower plasma lipid levels
[6]

.Within the last 5 years, Cr 

has been shown to play a role in glucose intolerance, 

T2DM and Gestational Diabetes Mellitus (GDM). In 

addition, diabetes and the neuropathy of a patient on 

home parenteral nutrition were alleviated when 

supplemental Cr was added to Total Parenteral Nutrition 

(TPN) solutions. Supplemental Cr has been shown to 

have beneficial effects without any documented side 

effects on people with varying degrees of glucose 

intolerance ranging from mild glucose intolerance to 

overt T2DM
[7]

.CrPic is a widely used nutritional 

supplement for optimal insulin function. A relationship 

among Cr status, diabetes, and associated pathologies has 

been established. Virtually all trials using CrPic 

supplementation for subjects with diabetes have 

demonstrated beneficial effects. The pooled data from 

studies using CrPic supplementation inT2DM subjects 

show substantial reductions in hyperglycemia and 

hyperinsulinemia, which equate to a reduced risk for 

disease complications. Collectively, the data support the 

safety and therapeutic value of CrPic for the 

management of cholesterolemia and hyperglycemia in 

subjects with diabetes
[8]

. 

 

Supplemental Cr had significant beneficial effects on 

HbA1c, glucose, insulin, and cholesterol variables in 

subjects with T2DM. The beneficial effects of Cr in 

individuals with diabetes were observed at levels higher 

than the upper limit of the Estimated Safe and Adequate 

Daily Dietary Intake 
[9]

.No significant difference in lipid 

profile was observed in the supplemented group; 

however, total cholesterol, HDL-c and LDL-c were 

significantly lowered, comparing pre- and post-treatment 

period, in the control group. CrPic supplementation had a 

beneficial effect on glycemic control in patients with 

poorly controlled T2DM, without affecting the lipid 

profile. Additional studies are necessary to investigate 

the effect of long-term CrPic supplementation 
[10]

.Strong 

association between serum Cr and Super Oxide 

Dismutase (SOD) in relation to HbA1c observed gives a 

strong point that these variables could be used as markers 

of cell injury with the intention in further part of life en 

route to progressive complications in T2DM 
[11]

. 

 

Chromium and Obesity 

The evidence from available Randomised Control Trails 

(RCTs) shows that Cr supplementation generates 

statistically significant reductions in body weight. The 

magnitude of the effect is small, and the clinical 

relevance is uncertain. Future trials should last at least 16 

weeks and greater uniformity in the measuring and 

assessment tools for body composition is recommended 
[12]

.Cr supplementation may affect various risk factors for 

coronary artery disease (CAD) and T1DM, including 

body weight and composition, basal plasma hormone and 

substrate levels, and response to an oral glucose load. 

High levels of CrPic supplementation are contraindicated 

for weight loss in young, obese women. Moreover, 

exercise training combined with Cr nicotinate 

supplementation may be more beneficial than exercise 

training alone for modification of certain CAD and 

T1DM risk factors 
[13]

.The use of Cr-containing dietary 

supplements is widespread among patients with T2DM. 

Cr's effects in patients at high risk for developing 

diabetes, especially those with Metabolic Syndrome 

(MetS), is unknown. CrPic had no significant effect on 

other measures of glucose metabolism, body weight, 

serum lipids, or measures of inflammation and OS. CrPic 

at 1000 ug/day does not improve key features of the 

MetS in obese nondiabetic patients 
[14]

. 

 

The Importance of Cr is actually challenged due to lack 

of clear manifestations of Cr deficiency in humans and 

animals. The recent clinical trials provided evidence both 

in favor and against the importance of Cr in healthy and 

ill organisms. Unfortunately, also the molecular 

mechanism by which Cr affects glucose and lipid 

metabolism is still unclear. Beneficial effects of diet 

supplementation with different sources of Cr can be 

potentially explained by rather pharmacological than 

nutritional effects 
[15]

.There were no statistically 

significant differences in the percentage change of FPG, 

Immune Reactive Insulin (IRI) or lipids between the Cr 

groups after 90 days of supplementation. However, those 

individuals within the Cr group with initial fasting IRI 

levels greater than 35 pmol/L had a significant decrease 

in IRI level after supplementation despite no significant 

changes in serum lipids. These subjects may benefit from 

Cr supplementation by improving insulin sensitivity and 

cardiovascular risk over time 
[16]

. 

 

Chromium and Insulin Resistance 

Cr deficiency in diabetic patients is a debatable problem. 

The prevailing opinion suggests the presence of low 

serum Cr in such patients and therefore an early, long-

term addition of Cr to the standard therapy is 

recommended. The serum level of Cr was significantly 

lower in diabetic patients than in the healthy individuals 

used as controls A significant decrease of IRI and the IR 

index was observed after a two-month application of Cr 

30 ug daily and Cr included early in the complex therapy 

of diabetes is beneficial in the reduction of the degree of 

IR 
[17]

.Most of the currently available drugs that improve 

insulin sensitivity have adverse effects. Therefore, 

attractive strategies to alleviate IR include dietary 

supplements. One such supplement is Cr, which has been 

shown to reduce IR in some, but not all, studies 
[18]

.  

 

No changes were seen in glucose level, insulin level, or 

HOMA-IR after 6 months of Cr at either dosage level 

(500 mcg or 1000 mcg daily) when compared with 

placebo. None of the secondary outcomes improved with 

either Cr dosage compared with placebo. Cr 

supplementation does not appear to ameliorate IR or 

impaired glucose metabolism in patients at risk for 
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T2DM and thus is unlikely to attenuate diabetes risk 
[19]

.Various systematic reviews have been unable to 

demonstrate any effects of Cr on glycaemic regulation 

(possibly due partly to the low dosages used), but there is 

a slight reduction in body weight averaging 1 kg. In a 

double-blind randomised placebo-controlled trial in a 

Chinese population with T2DM, supplementation with 

1000 ug of Cr led to a fall in the HbA1c by 2%. Toxic 

effects of Cr are seldom seen; recently, however, the 

safety of one of the dosage forms of Cr, CrPic, has been 

questioned. One should be aware that individual patients 

with T2DM may have an increased risk of 

hypoglycaemic episodes when taking Cr supplements as 

self-medication 
[20]

. 

 

Supplementation at 50 and 200 μg of CrPic did not 

promote glycemic control, increase insulin sensitivity, or 

change the lipid profile of subjects with diabetes 
[21]

.Following Cr-supplementation, there were no 

significant changes in either insulin sensitivity or glucose 

tolerance. There was a significant improvement in serum 

HDL cholesterol concentration in the group 

supplemented with Cr. CrPic supplementation at this 

level was well-tolerated, but overall was not an effective 

therapy for IR in HIV-infected subjects 
[22]

. 

 

Chromium and Oxidative Stress 

Cr–VI induced more pronounced oxidative damage in 

p53 deficient mice. This in vivo study highlighted that 

apoptotic regulatory protein p53 may play a major role in 

Cr–VI induced OS and toxicity. Taken together, OS and 

oxidative tissue damage, and a cascade of cellular events 

including modulation of apoptotic regulatory gene p53 

are involved in Cr-VI-induced toxicity and 

carcinogenesis 
[23]

.The biological mechanisms 

responsible for the initiation and progression of diseases 

resulting from exposure to Cr-VI are not fully 

understood. In the last two decades, there has been 

increasing evidence of the correlation between Cr–VI 

induced generation of Reactive Oxygen Species (ROS) 

and carcinogenic actions 
[24]

.  

 

The significant increases observed in liver total protein 

and RNA concentrations, as well as protein/DNA and 

RNA/ DNA ratios in diabetic rats supplemented with the 

high dose of Cr, compared to untreated diabetics, may be 

related to the improvement in the glycemic status of the 

diabetic animals rather than the direct effect of CrPic on 

protein anabolism 
[25]

.The GPx activity for females 

increased in all treatments, which revealed that the 

damage power of Cr - VI was increased with the increase 

of Cr - VI concentrations in terms of GPx, but the effect 

was not so remarkable. There was no consistent trend of 

GPx activities for males in all treatments of Cr – VI and 

changes in antioxidant enzymes were different for SOD,  

Catalase Activity (CAT) and GPx, of which the tendency 

was that activities generally changed with increase of 

concentrations of Cr - VI suggesting SOD, CAT, and 

GPx could serve as indices of Oxidative Stress (OS) to 

some extent 
[26]

.Cr supplementation prevents the increase 

in TNF-alpha levels and OS caused by the high levels of 

glucose in cultured U937 monocytic cells. Similarly, Cr 

supplementation prevented elevated TNF-alpha secretion 

and lipid peroxidation levels in H(2)O(2)-treated U937 

cells. Cr supplementation inhibits TNF-alpha secretion in 

U937 monocytes cultured in high-glucose medium, 

which appears to be mediated by its antioxidative effect 

providing evidence for a novel molecular mechanism by 

which Cr supplementation may increase insulin 

sensitivity and glycemic control in diabetic patients 
[27]

. 

 

Recent studies have demonstrated that both Cr -VI and 

cadmium (II) induce an OS, as determined by increased 

hepatic lipid peroxidation, hepatic glutathione depletion, 

hepatic nuclear DNA damage, and excretion of urinary 

lipid metabolites. However, whether chronic exposure to 

low levels of Cr-VI and Cd(II) will produce an OS is not 

shown. Low dose Cr administration of sodium 

dichromate and cadmium chloride induces an OS 

resulting in tissue damaging effects that may contribute 

to the toxicity and carcinogenicity of these two 

cations
[28]

.Cr undergoes redox cycling, while cadmium 

depletes glutathione and protein-bound sulfhydryl 

groups, resulting in enhanced production of ROS such as 

superoxide ion, hydroxyl radicals, and hydrogen 

peroxide. These ROS result in increased lipid 

peroxidation, enhanced excretion of urinary lipid 

metabolites, modulation of intracellular oxidized states, 

DNA damage, membrane damage, altered gene 

expression and apoptosis. Enhanced production of 

nuclear factor-kappaB and activation of protein kinase C 

occur. Furthermore, the p53 tumor suppressor gene is 

involved in the cascade of events associated with the 

toxicities of these cations indicating that although 

different mechanisms lead to the production of ROS by 

Cr and cadmium, similar subsequent mechanisms and 

types of oxidative tissue damage are involved in the 

overall toxicities 
[29]

. 

 

Chromium and Liver Diseases 

Cr supplementation prevented progression of NAFLD 

and the beneficial effects were accompanied by reduction 

of hepatic triglyceride accumulation, elevation of hepatic 

lipid catabolic enzyme, improvement of glucose and 

lipid metabolism, suppression of inflammation as well as 

resolution of OS, probably through enhancement of 

insulin signalling and hence Cr could serve as a 

hepatoprotective agent against NAFLD 
[30]

.In the 

automobile mechanics, the levels of Cr, cadmium and 

lead were significantly higher when compared with 

controls. In the motor painters, Cr and cadmium were 

significantly higher when compared with controls. 

Levels of manganese, copper, cadmium, lead and total 

antioxidants were significantly higher in panel beaters 

compared with controls. In the battery chargers, only 

total antioxidants were significantly higher compared 

with controls suggesting that metal toxicity is imminent 

in panel beaters, automobile mechanics and motor 

painters and that the metals involved vary with 

occupations. This raises the need for public awareness 
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about the hazards of different occupations in order to 

enable these professionals take necessary precautionary 

measures 
[31]

. 

 

Chromium and Cardiac Diseases 

Cr is an essential mineral that appears to have a 

beneficial role in the regulation of insulin action, MetS 

and cardiovascular disease (CVD). There is growing 

evidence that Cr may facilitate insulin signaling and 

supplementation therefore may improve systemic insulin 

sensitivity. Tissue Cr levels of subjects with diabetes are 

lower than those of normal control subjects, and a 

correlation exists between low circulating levels of Cr 

and the incidence of T2DM. Controversy still exists as to 

the need for Cr supplementation. However, 

supplementation with CrPic, a stable and highly 

bioavailable form of Cr, has been shown to reduce IR 

and to help reduce the risk of CVD and T2DM. Since Cr 

supplementation is a safe treatment, further research is 

necessary to resolve the confounding data. The existing 

data suggest toconcentrate future studies on certain forms 

as CrPic and doses as at least 200 mcg per day
[32]

. 

 

No statistically significant effects of Cr nicotinic acid 

supplementation were found on plasma insulin, glucose, 

or lipid concentrations, although Cr nicotinic acid 

supplementation slightly lowered fasting plasma total 

and LDL-C, triglycerides and glucose concentrations and 

90-min postprandial glucose concentrations in 

individuals with T1DM
[33]

.CrPic treatment was 

associated with improved coronary flow and recovery of 

myocardial contractility and relaxation following 

ischemia-reperfusion insult. Dietary CrPic treatment of 

SHR alters neither blood pressure nor vascular smooth 

muscle reactivity but causes enhancement of 

endothelium-dependent vasorelaxation associated with 

Nitric Oxide (NO) production/release. Additionally, 

while the treatment does not affect infarct size, it 

improves functional recovery of the viable portion of the 

myocardium following IRI
[34]

.Diabetic men with CVD 

have lower toenail Cr than healthy control subjects. 

However, it could not distinguish between the effects of 

Cr on diabetes and those on CVD. Long-term clinical 

trials are needed to determine whether Cr 

supplementation is beneficial for preventing CVD among 

diabetic patients
[35]

. 

 

Chromium and Neurologic  

Neuropathy and glucose intolerance may occur despite 

increased serum Cr levels and respond to Cr infusion. 

The previous use of drugs such as metronidazole should 

not exclude Cr as a potential treatment for neuropathy in 

hypertensive patients 
[36]

.Cr exposure dose via drinking 

water, calculated from the results of the water analyses 

and the questionnaire data, showed associations with 

blood and hair Cr levels and certain hematological and 

biochemical parameters. Groups of subjects whose 

hematological or biochemical parameters were outside 

the normal range were not correlated with Cr exposure 

dose, except for groups of subjects with high 

triglycerides or low sodium. Motor impairment score 

was not associated with exposure to Cr 
[37]

.Elevated 

levels of nickel and Cr can be measured after posterior 

instrumented spinal arthrodesis. The levels diminish 

rapidly with time from surgery but still remained above 

normal levels 4 years after surgery. Long-term 

implication of this metal ion exposure is unknown and 

should be studied further 
[38]

. 

 

Chromium and Psychiatric 

Main effect of Cr was on carbohydrate craving and 

appetite regulation in depressed patients and that 600 ug 

of elemental Cr may be beneficial for patients with 

atypical depression who also have severe carbohydrate 

craving. Further studies are needed to evaluate Cr in 

depressed patients specifically selected for symptoms of 

increased appetite and carbohydrate craving as well as to 

determine whether a higher dose of Cr would have an 

effect on mood 
[39]

.Studies designed to link the clinical 

effects of Cr with changes in underlying insulin, 

serotonin, and dopamine pathways may be especially 

informative. If efficacious, Cr supplementation may 

provide a useful, low-cost alternative to or augmentation 

strategy for selective serotonin reuptake inhibitors, which 

have partial efficacy in Binge Eating Disorder (BED) 
[40]

. CrPic has been reported to benefit patients with 

symptoms of atypical depression shows promising 

antidepressant effects in atypical depression. Its 

mechanism of action may relate to 5HT2A down 

regulation, increased insulin sensitivity, or to other 

effects 
[41]

. 

 

Cr treatment was associated with reduced mood 

symptoms and improved overall health satisfaction in 

most participants. In some cases, Cr alone was associated 

with marked clinical improvement; in others, Cr plus an 

antidepressant resulted in greater improvement than 

either Cr alone or an antidepressant alone. These 

preliminary observations suggest that Cr may be a useful 

monotherapy or adjunctive therapy for women suffering 

from significant menstrual cycle-related symptoms. 

Larger, controlled studies are needed to evaluate the 

efficacy of Cr treatment in this patient population
[42]

.Cr 

supplementation led to remission of dysthymic 

symptoms. Single-blind substitution of other dietary 

supplements in each of the patients demonstrated 

specificity of response to Cr supplementation. 

Preliminary observations suggest that Cr may potentiate 

antidepressant pharmacotherapy for dysthymic disorder. 

Controlled studies are indicated to test the validity of 

these initial observations 
[43]

. 

 

Chromium and Immune Response 

Supplemental CrPic improved average daily gain of 

growing steers, regardless of whether they had been 

stressed by shipping. Supplemental Cr did not affect any 

of the immune responses that were measured 
[44]

.Cr 

modulates the expression of IFN-gamma and route has 

effect on the onset and duration of the response. Thus, 

the supplementation of Cr at appropriate dose might be 
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helpful to enhance the IFN-gamma mRNA expression in 

response to Newcastle Disease Virus 
[45]

. 

 

Body temperature tended to be lower for calves 

supplemented with Cr-nicotinic acid complex than for 

control calves. Calves supplemented with either Cr 

source had lower serum cortisol concentrations at 5 d 

after challenge and Cr supplementation enhanced cell-

mediated immune function 
[46]

.Cr is of significant 

importance in altering the immune response by 

immunostimulatory or immunosuppressive processes as 

shown by its effects on T and B lymphocytes, 

macrophages, cytokine production and the immune 

response that may induce hypersensitivity reactions 
[47]

.  

 

Chromium and Infectious Diseases 

Cr improved IR, metabolic abnormalities, and body 

composition in HIV+ patients. This suggests that Cr 

supplements alleviate some of the antiretroviral-

associated metabolic abnormalities 
[48]

.A significant 

interactive effect of Cr and Cu supplementation on 

lymphocyte proliferation was observed with ConA 50 

μg/ml stimulation. After 12 weeks of supplementation, 

ConA-stimulated (50 μg/ml) lymphocyte proliferation 

was significantly lower when Cu was added to the Cr 

supplementation group. Moreover, ConA-stimulated 

(100 μg/ml) lymphocyte proliferation was significantly 

lower in the Cu supplementation group compared to the 

Cr supplementation group after 12 weeks of 

supplementation. These results suggest that Cu blocks 

enhancement of lymphocyte proliferation by Cr 

supplementation and that Cu supplementation has 

potential suppressive effects on the immune function in 

these subjects 
[49]

.Lower levels of Cr and Mn may be 

predictors for secondary infections in HIV-1 patients. 

There was a significant decrease in mean values of Cr 

and Mn in whole blood and scalp hair, whilst higher 

concentrations were observed in urine samples of the 

three groups of AIDS patients as compared to a 

controlled healthy male group. Low Cr and Mn levels 

may be due to increased Cr and Mn losses. These data 

present guidance to clinicians and other professional 

investigating deficiencies of Cr and Mn in biological 

samples of AIDS patients 
[50]

. 

 

Chromium and Poly Cystic Ovary Syndrome 

Treatment with Cr has been shown to improve insulin 

sensitivity in adults with PCOS. Treatment of 

adolescents with PCOS remains a challenge. No 

significant change in BMI Standard Deviation Score 

(SDS) with Cr supplementation was noted. The number 

of patients with oligo/amenorrhea decreased with 

treatment. Significant reduction in mean ovarian volume, 

total follicular count and free testosterone was observed. 

No significant improvement in acne or hirsutim was 

noted. Supplementation with Cr to adolescents with 

PCOS is a promising treatment option 
[51]

.In women with 

PCOS, CrPic (200 ug/day) improves glucose tolerance 

compared with placebo but does not improve ovulatory 

frequency or hormonal parameters. Future studies in the 

PCOS population should examine higher dosages or 

longer durations of treatment 
[52]

. 

 

Trivalent Cr (1000 ug), as CrPic, given without change 

in diet or activity level, caused a 38% mean 

improvement in glucose disposal rate in five obese 

subjects with PCOS who were tested with a 

euglycemichyperinsulinemic clamp technique. This 

suggests that CrPic, an over-the-counter dietary product, 

may be useful as an insulin sensitizer in the treatment of 

PCOS 
[53]

.Cr supplementation in women with PCOS 

resulted in significant decreases in serum insulin levels, 

HOMA-IR, HOMA-B and a significant increase in 

quantitative insulin sensitivity check index (QUICKI) 

score compared with the placebo. In addition, a trend 

towards a significant effect on decreasing serum 

triglycerides, VLDL-C and cholesterol concentrations 

was seen. Eight weeks supplementation among PCOS 

women had favorable effects on markers of insulin 

metabolism 
[54]

.Use of CrPic for 6 months was associated 

with significant reduction of BMI and fasting specific 

insulin. CrP significantly increased the chances of 

ovulation and regular menstruation by almost two fold 

after the fifth month of treatment and hence CrPic is 

useful in PCOS to reduce IR and stimulate ovulation 
[55]

. 

 

Chromium and Infertility 

The nutritional dietary supplement CrPic has gained 

much notoriety as a safe supplement that supposedly 

promotes fat loss and muscle enhancement in humans. 

Thus, a significant industry has materialized around the 

incorporation of CrPic in many sports foods and drinks 

and a variety of weight loss products 
[56]

. The ingestion 

of trivalent and hexavalent Cr compounds by adult male 

and female mice would cause adverse effects on fertility 

and reproduction 
[57]

. CrPic decreased FPG and insulin 

levels and, thus, increased insulin sensitivity in 

clomiphene citrate-resistance PCOS women. These 

effects were comparable with metformin; however, 

metformin treatment was associated with decreased 

hyperandrogenism. Overall, CrPic was better tolerated 

compared to metformin; nonetheless, the two study 

groups were not significantly different regarding 

ovulation and pregnancy rates 
[58]

. 

 

Chromium and Reproduction 

Hexavalent Cr is an environmental contaminant which 

may be associated with reproductive abnormalities in 

male rats. A dose-dependent increase in blood and testis 

Cr levels as well as an increase in FSH and a decrease in 

LH and testosterone serum levels were detected in 

treated rats. Histological analysis revealed pronounced 

morphological alterations with enlarged intracellular 

spaces, tissue loosening and dramatic loss of gametes in 

the lumen of the seminiferous tubules of treated rats. In 

addition, a decreased sperm motility and number of 

epididymal spermatozoa together with an increased 

sperm abnormality rate was found in Cr-treated rats in 

comparison to controls. In rats receiving the higher Cr 

dose, histological images presented considerably 
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increased areas filled with seminal vesicle and prostate 

secretions. The mucosal crypts of seminal vesicles and 

the typical invaginations of prostate were altered. The 

results suggest that subacute treatment of potassium 

dichromate promotes reproductive system toxicity and 

affects testicular function of adult male rats
[59]

. 

 

The mRNA levels of the prolactin-growth hormone 

(PRL-GH) family of genes were dose dependently 

reduced by Cr exposure. The mRNA levels of Pit-1a and 

b isotype genes that induce the expression of the PRL-

GH family of genes were also reduced by Cr exposure. 

The PRL-GH hormonal concentration in the rat placenta, 

fetus and maternal blood were decreased by Cr exposure. 

In the middle stage of pregnancy (day 11), a high dose of 

Cr suppressed the differentiation of spongiotrophoblast 

cells that secret the PRLGH hormones. In the last stage 

of pregnancy (day 20), a high dose of Cr induced 

apoptosis of placental cells. Reproductive data, such as 

placental and fetal weights, litter size, were reduced, but 

the pregnancy period was extended in the group exposed 

to Cr compared with the controls.Cr- VI disrupts the 

ordered functions of the placenta, which leads to 

reproductive disorders in rats
[60]

. 

 

Less documented are reproductive effects for mercury, 

manganese, Cr, nickel, and arsenic for the same gender. 

More complex is the demonstration of effects on female 

reproduction and on pregnancy. The action of lead, 

arsenic, cadmium, Cr and mercury may in fact be 

relevant in several stages, beginning in fetal life, during 

early development or maturity and is characterized by 

subfertility, infertility, intrauterine growth retardation, 

spontaneous abortions, malformations, birth defects, 

postnatal death, learning and behavior deficits, and 

premature aging. Also, for females the evidences of 

specific aspects such as fertility or abortions are usually 

higher and clearer from animal experiments than from 

human studies
[61]

. 

 

Administration of Cr - VI to rats revealed a significant 

accumulation of cholesterol and a prolonged diestrus 

phase leading to impaired fertility in rats and 

significantly reduced the antioxidant markers such as 

SOD and reduced glutathione (GSH), along with 

significant increase in peroxidation markers such as 

malondialdehyde and protein carbonyls in ovaries. The 

functional marker in serum such as total protein was 

decreased, whereas other functional markers viz Alanine 

Transaminase (ALT), Urea and creatinine were 

increased. Prominent pathological changes were 

observed in the uterus and ovaries of Cr-treated group. 

Co-treatment with α-tocopherol significantly reversed 

the Cr-VI induced changes
[62]

. 

 

A decrease in the specific activities of antioxidants, 

serum testosterone and progesterone and an increase in 

the levels of H₂O₂, lipid peroxidation (LPO) and FSH in 

rats exposed to Cr-VI when compared to control. Cr-VI 

exposure also delayed the sexual maturation and 

extended the estrous cycle. Simultaneous administration 

of vitamin C significantly prevented the increase in LPO 

and enhanced the antioxidant status. These results 

suggest the protective effect of vitamin C against the Cr-

VI exposure-induced toxicity and attest the significance 

of antioxidants in diet
[63]

. 

 

CONCLUSIONS 

The outcome of this Review article on the trace metal 

Chromium has brought out new insights about its role in 

the curative aspects of this metal to improve 

DM,Cardiac,Renal,Liver Reproductive failure, PCOS 

and Neurologic problems. The beneficial effects on the 

outcome of the research done during the last 20 years 

have been compiled under each disease condition for the 

benefit of future researchers in this field to undertake 

further research based on the lacunae pointed out by 

various researchers and to include this metal as a special 

test for each category of disease condition when other 

laboratory diagnosis are in doubt. Further, more research 

are to be done using large population size and to work 

out uniform strategies for supplementation and to 

evaluate its beneficial effects based on the prognostic 

outcome. 

 

REFERENCES 

1. Abdollahi M, Farshchi A, Nikfar S, Seyedifar 

M.Effect of Cr on glucose and lipid profiles in 

patients with type 2 diabetes; a meta-analysis review 

of randomized trials. J Pharm PharmSci, 2013; 

16(1): 99-114. 

2. Fox GN, Sabovic Z.Cr picolinate supplementation 

for diabetes mellitus. J FamPract, 1998; 46(1): 83-6. 

3. [No authors listed]A scientific review: the role of Cr 

in insulin resistance. Diabetes Educ, 2004; 2-14. 

4. Wang ZQ, CefaluWT.Current concepts about Cr 

supplementation in type 2 diabetes and insulin 

resistance. CurrDiab Rep, 2010; 10(2): 145-51.  

5. Ghosh D, Bhattacharya B, Mukherjee B, Manna 

B, Sinha M, Chowdhury J, Chowdhury S. Role of Cr 

supplementation in Indians with type 2 diabetes 

mellitus. J NutrBiochem, 2002; 13(11): 690-697. 

6. Rabinovitz H, Friedensohn A, Leibovitz A, Gabay 

G, Rocas C, Habot B.Effect of Cr supplementation 

on blood glucose and lipid levels in type 2 diabetes 

mellitus elderly patients.Int J VitamNutr Res. 2004; 

74(3): 178-82. 

7. Anderson RA.Chromium, glucose intolerance and 

diabetes. J Am CollNutr. 1998 Dec; 17(6): 548-55. 

8. Broadhurst CL, Domenico P. Clinical studies on Cr 

picolinate supplementation in diabetes mellitus--a 

review. Diabetes TechnolTher. 2006; 8(6): 677-87. 

9. Anderson RA, Cheng N, Bryden NA, Polansky 

MM, Cheng N, Chi J, Feng J. Elevated intakes of 

supplemental Cr improve glucose and insulin 

variables in individuals with type 2 

diabetes.Diabetes. 1997; 46(11): 1786-91. 

10. Paiva AN, Lima JG, Medeiros AC, Figueiredo 

HA, Andrade RL, Ururahy MA, Rezende 

AA, Brandão-Neto J, Almeida Md. Beneficial 

http://www.ejbps.com/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdollahi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23683609
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farshchi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23683609
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nikfar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23683609
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seyedifar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23683609
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seyedifar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23683609
http://www.ncbi.nlm.nih.gov/pubmed/23683609
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fox%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=9451374
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sabovic%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=9451374
http://www.ncbi.nlm.nih.gov/pubmed/9451374
http://www.ncbi.nlm.nih.gov/pubmed/15208835
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20ZQ%5BAuthor%5D&cauthor=true&cauthor_uid=20425574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cefalu%20WT%5BAuthor%5D&cauthor=true&cauthor_uid=20425574
http://www.ncbi.nlm.nih.gov/pubmed/20425574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosh%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12550067
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharya%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12550067
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mukherjee%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12550067
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manna%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12550067
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manna%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12550067
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sinha%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12550067
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chowdhury%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12550067
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chowdhury%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12550067
http://www.ncbi.nlm.nih.gov/pubmed/12550067
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rabinovitz%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15296075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Friedensohn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15296075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leibovitz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15296075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gabay%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15296075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gabay%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15296075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rocas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15296075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Habot%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15296075
http://www.ncbi.nlm.nih.gov/pubmed/15296075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=9853533
http://www.ncbi.nlm.nih.gov/pubmed/9853533
http://www.ncbi.nlm.nih.gov/pubmed/?term=Broadhurst%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=17109600
http://www.ncbi.nlm.nih.gov/pubmed/?term=Domenico%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17109600
http://www.ncbi.nlm.nih.gov/pubmed/17109600
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20N%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bryden%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Polansky%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Polansky%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20N%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9356027
http://www.ncbi.nlm.nih.gov/pubmed/9356027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paiva%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lima%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Medeiros%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Figueiredo%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Figueiredo%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andrade%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ururahy%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rezende%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rezende%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brand%C3%A3o-Neto%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Almeida%20Md%5BAuthor%5D&cauthor=true&cauthor_uid=26302914


Selvanayagam et al.                                                       European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

 

219 

 

effects of oral Cr picolinate supplementation on 

glycemic control in patients with type 2 diabetes: A 

randomized clinical study. J Trace Elem Med 

Biol. 2015; 32: 66-72. 

11. Doddigarla Z, Parwez I, Ahmad J. Correlation of 

serum Cr, zinc, magnesium and SOD levels with 

HbA1c in type 2 diabetes: A cross sectional 

analysis. Diabetes MetabSyndr. 2015.  

12. Onakpoya I, Posadzki P, Ernst E. Cr 

supplementation in overweight and obesity: a 

systematic review and meta-analysis of randomized 

clinical trials.Obes Rev. 2013; 14(6): 496-507.  

13. Grant KE, Chandler RM, Castle AL, Ivy JL. Cr and 

exercise training: effect on obese women.Med Sci 

Sports Exerc. 1997; 29(8): 992-8. 

14. Iqbal N, Cardillo S, Volger S, Bloedon 

LT, Anderson RA, Boston R, Szapary PO. Cr 

picolinate does not improve key features of 

metabolic syndrome in obese nondiabetic adults. 

MetabSyndrRelatDisord. 2009; 7(2): 143-50. 

15. Lewicki S, Zdanowski R, Krzyżowska M, Lewicka 

A, Dębski B, Niemcewicz M, Goniewicz M. The 

role of Cr III in the organism and its possible use in 

diabetes and obesity treatment. Ann Agric Environ 

Med. 2014; 21(2): 331-5.  

16. Wilson BE, Gondy A. Effects of Cr supplementation 

on fasting insulin levels and lipid parameters in 

healthy, non-obese young subjects. Diabetes Res 

ClinPract. 1995; 28(3): 179-84. 

17. Vladeva SV, Terzieva DD, Arabadjiiska DT. Effect 

of Cr on the insulin resistance in patients with type 

II diabetes mellitus. Folia Med (Plovdiv). 2005; 

47(3-4): 59-62. 

18. YinanHua, Suzanne Clark, Jun Ren, and Nair 

Sreejayan.Molecular Mechanisms of Cr in 

Alleviating Insulin Resistance. J NutrBiochem. 

2012; 23(4): 313–319. 

19. Ali A, Ma Y, Reynolds J, Wise JP Sr, Inzucchi 

SE, Katz DL. Cr effects on glucose tolerance and 

insulin sensitivity in persons at risk for diabetes 

mellitus. EndocrPract. 2011; 17(1): 16-25.  

20. Kleefstra N, Bilo HJ, Bakker SJ, Houweling ST.  

[Cr and insulin resistance].Ned 

TijdschrGeneeskd. 2004; 148(5): 217-20. 

21. Guimarães MM, Martins Silva Carvalho AC, Silva 

MS. Cr nicotinate has no effect on insulin 

sensitivity, glycemic control, and lipid profile in 

subjects with type 2 diabetes. J Am CollNutr. 2013; 

32(4): 243-50.  

22. Stein SA, McNurlan M, Phillips BT, Messina 

C, Mynarcik D, Gelato M. Cr Therapy for Insulin 

Resistance Associated with HIV-Disease. J AIDS 

Clin Res. 2013; 4(9): 239. 

23. Bagchi D, Bagchi M, Stohs SJ. Cr (VI)-induced 

oxidative stress, apoptotic cell death and modulation 

of p53 tumor suppressor gene.Mol Cell 

Biochem. 2001; 222(1-2): 149-58. 

24. Yao H
1
, Guo L, Jiang BH, Luo J, Shi X. Oxidative 

stress and Cr(VI) carcinogenesis.J Environ 

PatholToxicolOncol. 2008; 27(2): 77-88. 

25. Refaie FM, Esmat AY, Mohamed AF, AboulNour 

WH. Effect of Cr supplementation on the diabetes 

induced-oxidative stress in liver and brain of adult 

rats.Biometals. 2009; 22(6): 1075-87.  

26. Li LJ, Zhang F, Liu XM, Guo YP, Ma EB. 

Oxidative stress related enzymes in response to Cr 

(VI) toxicity in Oxyachinensis (Orthoptera: 

Acridoidae).J Environ Sci (China). 2005; 17(5): 

823-6. 

27. Jain SK, Kannan K. Cr chloride inhibits oxidative 

stress and TNF-alpha secretion caused by exposure 

to high glucose in cultured U937 

monocytes.BiochemBiophys Res Commun. 2001; 

289(3): 687-91. 

28. Bagchi D, Vuchetich PJ, Bagchi M, Hassoun 

EA, Tran MX, Tang L, Stohs SJ. Induction of 

oxidative stress by chronic administration of sodium 

dichromate [Cr VI] and cadmium chloride [cadmium 

II] to rats.Free RadicBiol Med. 1997; 22(3): 471-8. 

29. Stohs SJ, Bagchi D, Hassoun E, Bagchi M. 

Oxidative mechanisms in the toxicity of Cr and 

cadmium ions.J Environ PatholToxicolOncol. 2001; 

20(2): 77-88. 

30. Chen WY, Chen CJ, Liu CH, Mao FC. Cr attenuates 

high-fat diet-induced nonalcoholic fatty liver disease 

in KK/HlJ mice.BiochemBiophys Res 

Commun. 2010; 397(3): 459-64.  

31. O. G. Arinola, M. O. Akiibinu. The levels of 

antioxidants and some trace metals in Nigerians that 

are occupationally exposed to chemicals. Indian 

Journal of Occupational and Environmental 

Medicine, 2006; 10(2): 65-68. 

32. Hummel M, Standl E, Schnell O. Cr in metabolic 

and cardiovascular disease. HormMetab Res. 2007; 

39(10): 743-51. 

33. Thomas VL, Gropper SS. Effect of Cr nicotinic acid 

supplementation on selected cardiovascular disease 

risk factors. Biol Trace Elem Res. 1996; 55(3): 297-

305. 

34. Abebe W, Liu JY, Wimborne H, Mozaffari MS. 

Effects of Cr picolinate on vascular reactivity and 

cardiac ischemia-reperfusion injury in spontaneously 

hypertensive rats. Pharmacol Rep. 2010 Jul-Aug; 

62(4): 674-82. 

35. Rajpathak S, Rimm EB, Li T, Morris JS, Stampfer 

MJ, Willett WC, Hu FB. Lower toenail Cr in men 

with diabetes and cardiovascular disease compared 

with healthy men. Diabetes Care. 2004 Sep; 27(9): 

2211-6. 

36. Verhage AH, Cheong WK, Jeejeebhoy KN. 

Neurologic symptoms due to possible Cr deficiency 

in long-term parenteral nutrition that closely mimic 

metronidazole-induced syndromes. JPEN J Parenter 

Enteral Nutr. 1996 Mar-Apr; 20(2): 123-7. 

37. EleniSazakli, Cristina M. Villanueva,  

ManolisKogevinas,  KyriakosMaltezis,  

AthanasiaMouzaki,  and MichalisLeotsinidis. Cr in 

Drinking Water: Association with Biomarkers of 

Exposure and Effect.Int J Environ Res Public 

Health. 2014; 11(10): 10125–10145. 

http://www.ejbps.com/
http://www.ncbi.nlm.nih.gov/pubmed/26302914
http://www.ncbi.nlm.nih.gov/pubmed/26302914
http://www.ncbi.nlm.nih.gov/pubmed/?term=Doddigarla%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26589776
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parwez%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26589776
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26589776
http://www.ncbi.nlm.nih.gov/pubmed/26589776
http://www.ncbi.nlm.nih.gov/pubmed/?term=Onakpoya%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23495911
http://www.ncbi.nlm.nih.gov/pubmed/?term=Posadzki%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23495911
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ernst%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23495911
http://www.ncbi.nlm.nih.gov/pubmed/23495911
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=9268955
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chandler%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=9268955
http://www.ncbi.nlm.nih.gov/pubmed/?term=Castle%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=9268955
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ivy%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=9268955
http://www.ncbi.nlm.nih.gov/pubmed/9268955
http://www.ncbi.nlm.nih.gov/pubmed/9268955
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iqbal%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19422140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cardillo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19422140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Volger%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19422140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bloedon%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=19422140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bloedon%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=19422140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19422140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boston%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19422140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szapary%20PO%5BAuthor%5D&cauthor=true&cauthor_uid=19422140
http://www.ncbi.nlm.nih.gov/pubmed/19422140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lewicki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24959784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zdanowski%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24959784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krzy%C5%BCowska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24959784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lewicka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24959784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lewicka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24959784
http://www.ncbi.nlm.nih.gov/pubmed/?term=D%C4%99bski%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24959784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Niemcewicz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24959784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goniewicz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24959784
http://www.ncbi.nlm.nih.gov/pubmed/24959784
http://www.ncbi.nlm.nih.gov/pubmed/24959784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=8529496
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gondy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8529496
http://www.ncbi.nlm.nih.gov/pubmed/8529496
http://www.ncbi.nlm.nih.gov/pubmed/8529496
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vladeva%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=16761396
http://www.ncbi.nlm.nih.gov/pubmed/?term=Terzieva%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=16761396
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arabadjiiska%20DT%5BAuthor%5D&cauthor=true&cauthor_uid=16761396
http://www.ncbi.nlm.nih.gov/pubmed/16761396
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hua%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ren%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sreejayan%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sreejayan%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22423897
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22423897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20634174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20634174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reynolds%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20634174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wise%20JP%20Sr%5BAuthor%5D&cauthor=true&cauthor_uid=20634174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Inzucchi%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=20634174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Inzucchi%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=20634174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=20634174
http://www.ncbi.nlm.nih.gov/pubmed/20634174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kleefstra%20N%5BAuthor%5D&cauthor=true&cauthor_uid=14983576
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bilo%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=14983576
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bakker%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=14983576
http://www.ncbi.nlm.nih.gov/pubmed/?term=Houweling%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=14983576
http://www.ncbi.nlm.nih.gov/pubmed/14983576
http://www.ncbi.nlm.nih.gov/pubmed/14983576
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guimar%C3%A3es%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24024769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martins%20Silva%20Carvalho%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=24024769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=24024769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=24024769
http://www.ncbi.nlm.nih.gov/pubmed/24024769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stein%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=25346863
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mc%20Nurlan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25346863
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=25346863
http://www.ncbi.nlm.nih.gov/pubmed/?term=Messina%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25346863
http://www.ncbi.nlm.nih.gov/pubmed/?term=Messina%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25346863
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mynarcik%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25346863
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gelato%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25346863
http://www.ncbi.nlm.nih.gov/pubmed/25346863
http://www.ncbi.nlm.nih.gov/pubmed/25346863
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bagchi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11678597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bagchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11678597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stohs%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=11678597
http://www.ncbi.nlm.nih.gov/pubmed/11678597
http://www.ncbi.nlm.nih.gov/pubmed/11678597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18540844
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18540844
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=18540844
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18540844
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18540844
http://www.ncbi.nlm.nih.gov/pubmed/18540844
http://www.ncbi.nlm.nih.gov/pubmed/18540844
http://www.ncbi.nlm.nih.gov/pubmed/?term=Refaie%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=19693677
http://www.ncbi.nlm.nih.gov/pubmed/?term=Esmat%20AY%5BAuthor%5D&cauthor=true&cauthor_uid=19693677
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohamed%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=19693677
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aboul%20Nour%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=19693677
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aboul%20Nour%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=19693677
http://www.ncbi.nlm.nih.gov/pubmed/19693677
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=16313011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16313011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20XM%5BAuthor%5D&cauthor=true&cauthor_uid=16313011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=16313011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=16313011
http://www.ncbi.nlm.nih.gov/pubmed/16313011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jain%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=11726202
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kannan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11726202
http://www.ncbi.nlm.nih.gov/pubmed/11726202
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bagchi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=8981039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vuchetich%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=8981039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bagchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8981039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassoun%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=8981039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassoun%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=8981039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tran%20MX%5BAuthor%5D&cauthor=true&cauthor_uid=8981039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8981039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stohs%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=8981039
http://www.ncbi.nlm.nih.gov/pubmed/8981039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stohs%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=11394715
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bagchi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11394715
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassoun%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11394715
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bagchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11394715
http://www.ncbi.nlm.nih.gov/pubmed/11394715
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20WY%5BAuthor%5D&cauthor=true&cauthor_uid=20513351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=20513351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=20513351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mao%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=20513351
http://www.ncbi.nlm.nih.gov/pubmed/20513351
http://www.ncbi.nlm.nih.gov/pubmed/20513351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hummel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17952838
http://www.ncbi.nlm.nih.gov/pubmed/?term=Standl%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17952838
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schnell%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17952838
http://www.ncbi.nlm.nih.gov/pubmed/17952838
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=9096856
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gropper%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=9096856
http://www.ncbi.nlm.nih.gov/pubmed/9096856
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abebe%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20885007
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=20885007
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wimborne%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20885007
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mozaffari%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=20885007
http://www.ncbi.nlm.nih.gov/pubmed/20885007
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rajpathak%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15333486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rimm%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=15333486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15333486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morris%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=15333486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stampfer%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15333486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stampfer%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15333486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Willett%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=15333486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20FB%5BAuthor%5D&cauthor=true&cauthor_uid=15333486
http://www.ncbi.nlm.nih.gov/pubmed/15333486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Verhage%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=8676530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheong%20WK%5BAuthor%5D&cauthor=true&cauthor_uid=8676530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jeejeebhoy%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=8676530
http://www.ncbi.nlm.nih.gov/pubmed/8676530
http://www.ncbi.nlm.nih.gov/pubmed/8676530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sazakli%20E%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Villanueva%20CM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kogevinas%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maltezis%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mouzaki%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leotsinidis%20M%5Bauth%5D


Selvanayagam et al.                                                       European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

 

220 

 

38. Kim YJ, Kassab F, Berven SH, Zurakowski 

D, Hresko MT, Emans JB, Kasser JR. Serum levels 

of nickel and Cr after instrumented posterior spinal 

arthrodesis. Spine (Phila Pa 1976). 2005; 30(8): 923-

6. 

39. Docherty JP, Sack DA, Roffman M, Finch 

M, Komorowski JR. A double-blind, placebo-

controlled, exploratory trial of Cr picolinate in 

atypical depression: effect on carbohydrate craving. 

J PsychiatrPract. 2005; 11(5): 302-14. 

40. Kimberly A. Brownley, Ann Von Holle, Robert M. 

Hamer, Maria La Via and Cynthia M. Bulik. A 

Double-blind, Randomized Pilot Trial of Cr 

Picolinate for Binge Eating Disorder: Results of the 

Binge Eating and Cr (BEACh) Study. J Psychosom 

Res. 2013; 75(1): 36–42. 

41. Davidson JR, Abraham K, Connor KM, McLeod 

MN. Effectiveness of Cr in atypical depression: a 

placebo-controlled trial. Biol Psychiatry. 2003; 

53(3): 261-4. 

42. Brownley KA, Girdler SS, Stout AL, McLeod MN. 

Cr supplementation for menstrual cycle-related 

mood symptoms. J Diet Suppl. 2013; 10(4): 345-56. 

43. McLeod MN, Gaynes BN, Golden RN. Cr 

potentiation of antidepressant pharmacotherapy for 

dysthymic disorder in 5 patients. J Clin 

Psychiatry. 1999; 60(4): 237-40. 

44. Kegley EB, Spears JW, Brown TT Jr. Effect of 

shipping and Cr supplementation on performance, 

immune response, and disease resistance of steers.J 

Anim Sci. 1997; 75(7): 1956-64. 

45. Bhagat J, Ahmed KA, Tyagi P, Saxena M, Saxena 

VK. Effects of supplemental Cr on interferon-

gamma (IFN-gamma) mRNA expression in response 

to Newcastle disease vaccine in broiler chicken. Res 

Vet Sci. 2008; 85(1): 46-51.  

46. Kegley EB, Spears JW, Brown TT Jr. Immune 

response and disease resistance of calves fed Cr 

nicotinic acid complex or Cr chloride.J Dairy 

Sci. 1996; 79(7): 1278-83. 

47. RichaShrivastava, R.K Upreti, P.K Seth 

andU.CChaturvedi.  Effects of Cr on the immune 

system. FEMS Immunology & Medical 

Microbiology. 2002; 34(1): 1–7. 

48. Aghdassi E, Arendt BM, Salit IE, Mohammed 

SS, Jalali P, Bondar H, Allard JP. In patients with 

HIV-infection, Cr supplementation improves insulin 

resistance and other metabolic abnormalities: a 

randomized, double-blind, placebo controlled 

trial.Curr HIV Res. 2010; 8(2): 113-20. 

49. Y S Rhee, J R Hermann, K Burnham, A B Arquitt, 

and B J Stoecker The effects of Cr and copper 

supplementation on mitogen-stimulated T cell 

proliferation in hypercholesterolaemic 

postmenopausal women.ClinExpImmunol. 2002; 

127(3): 463–469. 

50. Afridi HI, Kazi TG, Talpur FN, Arain S, Arain 

SS, Kazi N, Panhwar AH, Brahman KD.Evaluation 

of Cr and manganese in biological samples (scalp 

hair, blood and urine) of tuberculosis and diarrhea 

male human immunodeficiency virus patients. Clin 

Lab. 2014; 60(8): 1333-41.  

51. Amr N, Abdel-Rahim HE
2
. The effect of Cr 

supplementation on polycystic ovary syndrome in 

adolescents. J PediatrAdolesc Gynecol. 2015; 28(2): 

114-8.  

52. Lucidi RS, Thyer AC, Easton CA, Holden 

AE, Schenken RS, Brzyski RG. Effect of Cr 

supplementation on insulin resistance and ovarian 

and menstrual cyclicity in women with polycystic 

ovary syndrome.FertilSteril. 2005; 84(6): 1755-7. 

53. Lydic ML, McNurlan M, Bembo S, Mitchell 

L, Komaroff E, Gelato M. Cr picolinate improves 

insulin sensitivity in obese subjects with polycystic 

ovary syndrome.FertilSteril. 2006; 86(1): 243-6.  

54. Jamilian M, Asemi Z. Cr Supplementation and the 

Effects on Metabolic Status in Women with 

Polycystic Ovary Syndrome: A Randomized, 

Double-Blind, Placebo-Controlled Trial. Ann 

NutrMetab. 2015; 67(1): 42-8. 

55. Ashoush S, Abou-Gamrah A, Bayoumy H, Othman 

N. Cr picolinate reduces insulin resistance in 

polycystic ovary syndrome: Randomized controlled 

trial. J ObstetGynaecol Res. 2016; 42(3): 279-85.  

56. Hepburn DD, Xiao J, Bindom S, Vincent 

JB, O'Donnell J. Nutritional supplement Cr 

picolinate causes sterility and lethal mutations in 

Drosophila melanogaster. ProcNatlAcadSci U S 

A. 2003; 100(7): 3766-71.  

57. Elbetieha A, Al-Hamood MH. Long-term exposure 

of male and female mice to trivalent and hexavalent 

Cr compounds: effect on fertility. Toxicology. 1997; 

116(1-3): 39-47. 

58. Sedigheh Amooee, Mohammad Ebrahim 

Parsanezhad, Maryam RavanbodShirazi, Saeed 

Alborziand  AlamtajSamsami. Metformin versus Cr 

picolinate in clomiphene citrate-resistant patients 

with PCOs: A double-blind randomized clinical 

trial. Iran J Reprod Med. 2013; 11(8): 611–618. 

59. Marouani N, Tebourbi O, Mahjoub S, Yacoubi 

MT, Sakly M, Benkhalifa M, Rhouma KB. Effects 

of hexavalent Cr on reproductive functions of male 

adult rats. Reprod Biol. 2012; 12(2): 119-33. 

60. Lee H, Chun JH, Moon DH, Lee CU, Kang SG, Son 

BC, Kim DH, Lee CH, Kim JW, Lee CK. Effects of 

Cr (VI) Exposure on the Placental Function and 

Reproduction in Rats. J Prev Med Public 

Health. 2004; 37(2): 157-65. 

61. Apostoli P, Catalani S. Metal ions affecting 

reproduction and development. Met Ions Life 

Sci. 2011; 8: 263-303. 

62. R. Balakrishnan, C. S. V. Satish Kumar, M. Usha 

Rani, K. Kavita, G. Boobalan, and A. Gopala 

Reddy.Evaluation of protective action of α-

tocopherol in Cr-induced oxidative stress in female 

reproductive system of rats. J Nat SciBiol Med. 

2013; 4(1): 87–9. 

63. Samuel JB, Stanley JA, Vengatesh G, Princess 

RA, Muthusami S, Roopha DP, Suthagar E, Kumar 

KM, Sebastian MS, Aruldhas MM. Ameliorative 

http://www.ejbps.com/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=15834337
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kassab%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15834337
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berven%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=15834337
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zurakowski%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15834337
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zurakowski%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15834337
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hresko%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=15834337
http://www.ncbi.nlm.nih.gov/pubmed/?term=Emans%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=15834337
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kasser%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=15834337
http://www.ncbi.nlm.nih.gov/pubmed/15834337
http://www.ncbi.nlm.nih.gov/pubmed/?term=Docherty%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=16184071
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sack%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=16184071
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roffman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16184071
http://www.ncbi.nlm.nih.gov/pubmed/?term=Finch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16184071
http://www.ncbi.nlm.nih.gov/pubmed/?term=Finch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16184071
http://www.ncbi.nlm.nih.gov/pubmed/?term=Komorowski%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=16184071
http://www.ncbi.nlm.nih.gov/pubmed/16184071
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brownley%20KA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holle%20AV%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamer%20RM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamer%20RM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Via%20ML%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bulik%20CM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23751236
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23751236
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davidson%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=12559660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abraham%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12559660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Connor%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=12559660
http://www.ncbi.nlm.nih.gov/pubmed/?term=McLeod%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=12559660
http://www.ncbi.nlm.nih.gov/pubmed/?term=McLeod%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=12559660
http://www.ncbi.nlm.nih.gov/pubmed/12559660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brownley%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=24237190
http://www.ncbi.nlm.nih.gov/pubmed/?term=Girdler%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=24237190
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stout%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=24237190
http://www.ncbi.nlm.nih.gov/pubmed/?term=McLeod%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=24237190
http://www.ncbi.nlm.nih.gov/pubmed/24237190
http://www.ncbi.nlm.nih.gov/pubmed/?term=McLeod%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=10221284
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaynes%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=10221284
http://www.ncbi.nlm.nih.gov/pubmed/?term=Golden%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=10221284
http://www.ncbi.nlm.nih.gov/pubmed/10221284
http://www.ncbi.nlm.nih.gov/pubmed/10221284
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kegley%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=9222855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spears%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=9222855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20TT%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=9222855
http://www.ncbi.nlm.nih.gov/pubmed/9222855
http://www.ncbi.nlm.nih.gov/pubmed/9222855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhagat%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17888472
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=17888472
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tyagi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17888472
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saxena%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17888472
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saxena%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=17888472
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saxena%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=17888472
http://www.ncbi.nlm.nih.gov/pubmed/17888472
http://www.ncbi.nlm.nih.gov/pubmed/17888472
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kegley%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=8872723
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spears%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=8872723
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20TT%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=8872723
http://www.ncbi.nlm.nih.gov/pubmed/8872723
http://www.ncbi.nlm.nih.gov/pubmed/8872723
http://onlinelibrary.wiley.com/doi/10.1111/fim.2002.34.issue-1/issuetoc
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aghdassi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20163347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arendt%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=20163347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salit%20IE%5BAuthor%5D&cauthor=true&cauthor_uid=20163347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammed%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=20163347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammed%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=20163347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jalali%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20163347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bondar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20163347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Allard%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20163347
http://www.ncbi.nlm.nih.gov/pubmed/20163347
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rhee%20YS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hermann%20JR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burnham%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arquitt%20AB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stoecker%20BJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Afridi%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kazi%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Talpur%20FN%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arain%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arain%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arain%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kazi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Panhwar%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brahman%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=25185419
http://www.ncbi.nlm.nih.gov/pubmed/25185419
http://www.ncbi.nlm.nih.gov/pubmed/25185419
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amr%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25850593
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdel-Rahim%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=25850593
http://www.ncbi.nlm.nih.gov/pubmed/25850593
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lucidi%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=16359984
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thyer%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=16359984
http://www.ncbi.nlm.nih.gov/pubmed/?term=Easton%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=16359984
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holden%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=16359984
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holden%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=16359984
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schenken%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=16359984
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brzyski%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=16359984
http://www.ncbi.nlm.nih.gov/pubmed/16359984
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lydic%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=16730719
http://www.ncbi.nlm.nih.gov/pubmed/?term=McNurlan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16730719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bembo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16730719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mitchell%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16730719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mitchell%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16730719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Komaroff%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16730719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gelato%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16730719
http://www.ncbi.nlm.nih.gov/pubmed/16730719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jamilian%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26279073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asemi%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26279073
http://www.ncbi.nlm.nih.gov/pubmed/26279073
http://www.ncbi.nlm.nih.gov/pubmed/26279073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ashoush%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26663540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abou-Gamrah%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26663540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bayoumy%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26663540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Othman%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26663540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Othman%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26663540
http://www.ncbi.nlm.nih.gov/pubmed/26663540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hepburn%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=12649323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xiao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12649323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bindom%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12649323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vincent%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=12649323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vincent%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=12649323
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Donnell%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12649323
http://www.ncbi.nlm.nih.gov/pubmed/12649323
http://www.ncbi.nlm.nih.gov/pubmed/12649323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elbetieha%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9020505
http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Hamood%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=9020505
http://www.ncbi.nlm.nih.gov/pubmed/9020505
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amooee%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parsanezhad%20ME%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parsanezhad%20ME%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ravanbod%20Shirazi%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alborzi%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alborzi%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Samsami%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marouani%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22850466
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tebourbi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22850466
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahjoub%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22850466
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yacoubi%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=22850466
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yacoubi%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=22850466
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sakly%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22850466
http://www.ncbi.nlm.nih.gov/pubmed/?term=Benkhalifa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22850466
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rhouma%20KB%5BAuthor%5D&cauthor=true&cauthor_uid=22850466
http://www.ncbi.nlm.nih.gov/pubmed/22850466
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chun%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CU%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Son%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Son%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=25178447
http://www.ncbi.nlm.nih.gov/pubmed/25178447
http://www.ncbi.nlm.nih.gov/pubmed/25178447
http://www.ncbi.nlm.nih.gov/pubmed/?term=Apostoli%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21473384
http://www.ncbi.nlm.nih.gov/pubmed/?term=Catalani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21473384
http://www.ncbi.nlm.nih.gov/pubmed/21473384
http://www.ncbi.nlm.nih.gov/pubmed/21473384
http://www.ncbi.nlm.nih.gov/pubmed/?term=Balakrishnan%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20CS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rani%20MU%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rani%20MU%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kavita%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boobalan%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20AG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20AG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Samuel%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stanley%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vengatesh%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Princess%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Princess%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muthusami%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roopha%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suthagar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sebastian%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22033423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aruldhas%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22033423


Selvanayagam et al.                                                       European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

 

221 

 

effect of vitamin C on hexavalent Cr-induced delay 

in sexual maturation and oxidative stress in 

developing Wistar rat ovary and uterus. ToxicolInd 

Health. 2012; 28(8): 720-33. 

http://www.ejbps.com/
http://www.ncbi.nlm.nih.gov/pubmed/22033423
http://www.ncbi.nlm.nih.gov/pubmed/22033423

