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Summary

Introduction: Carthamus oil is a compound that has the potential to be used in 
numerous applications due to its anti-inflammatory, antioxidant, immunomodula-
tory and neuroprotective effects. Chromium picolinate has been indicated for the 
control of insulin resistance. Aim: To evaluate the effect of Carthamus oil (30 mg/kg) 
and chromium picolinate (5 µg/kg) interaction with oral glyburide in chemically 
diabetes-induced Wistar rats and its influence on drug therapy. Method: Diabetes 
mellitus was induced with streptozotocin, and the animals were randomized into 
experimental groups (n= 6/group), who received gastric gavage treatments for ten 
days, G1: control, G2: diabetic and received glyburide, G3: diabetic and received the 

www.farmacia.unal.edu.co
mailto:gmsg@puc-campinas.edu.br


Carthamus oil and chromium picolinate in diabetic rats

231

interaction of Carthamus oil and chromium picolinate, G4: diabetic and received 
the interaction of glyburide, Carthamus oil and chromium picolinate. After the treat-
ment period, fasting blood glucose, post-sucrose blood glucose, total cholesterol and 
triglyceride levels, alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) in blood serum were compared, in addition to urine analysis. Results: In 
this study, the only altered parameters were the post-sucrose blood glucose measure-
ment with the lowest result for G4 (P <0.05) and the ALT measurement, with lower 
values ​​for G4 (P <0.05) compared to G1. Conclusion: It can be concluded that the 
unprecedented interaction of Carthamus oil, chromium picolinate and glyburide 
contributed to the reduction of blood glucose and serum levels of ALT in diabetic 
rats and is promising for future studies in humans.

Keywords: Hepatoprotection, diabetes mellitus, streptozotocin, Carthamus oil, 
chromium picolinate.

Resumo

Associação do óleo de cártamo, picolinato de cromo e 
glibenclamida sobre a glicemia capilar, enzimas hepáticas e no 
perfil lipídico em ratos com diabetes quimicamente induzida

Introdução: o óleo de cártamo (Carthamus oil) tem sido utilizado em diversas apli-
cações devido suas ações antiinflamatória, antioxidante, imunomoduladora e neuro 
protetora. O picolinato de cromo tem sido indicado para o controle da resistência 
à insulina. Objetivo: avaliar o efeito da interação de óleo de cártamo (30 mg/kg) 
e picolinato de cromo (5 µg/kg) com glibenclamida em ratos com diabetes indu-
zida. Metodologia: a indução de diabetes mellitus foi realizada com injeção intra-
peritoneal de estreptozotocina e os animais foram aleatoriamente distribuídos em 
grupos experimentais (n= 6/grupo), que receberam os tratamentos por gavagem 
gástrica durante dez dias, G1: controle, G2: grupo diabético que recebeu gliben-
clamida, G3: grupo diabético que recebeu óleo de cártamo e picolinato de cromo, 
G4: grupo diabético que recebeu glibenclamida, óleo de cártamo e picolinato de 
cromo. Após os dias de tratamento via oral, determinou-se o peso corpóreo, glicemia 
de jejum, colesterol total, triglicerídeos, glicemia após uma hora de gavagem gástrica 
com sacarose, transaminases hepáticas e a avaliação da urina. Resultados: a análise 
estatística dos dados indicou que os únicos parâmetros alterados foram a glicemia 
após a ingestão de sacarose, os menores valores obtidos foram em G4 (P <0.05) e a 
redução dos níveis séricos de ALT em G4 (P <0.05) quando comparados com G1. 
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Conclusão: a interação inédita do óleo de cártamo, picolinato de cromo e glibencla-
mida contribuiu para a redução da glicose sanguínea e dos níveis séricos de ALT em 
ratos diabéticos, é promissora para estudos futuros em humanos.

Palavras-chave: Hepatoproteção, diabetes mellitus, estreptozocina, óleo de cártamo, 
picolinato de cromo.

Resumen

Asociación de aceite de cártamo, picolinato de cromo y 
glibenclamida sobre la glucemia capilar, las enzimas hepáticas y el 

perfil lipídico en ratas con diabetes inducida químicamente

Introducción: el aceite de cártamo (Carthamus oil) se ha utilizado en diversas apli-
caciones debido a sus propiedades antiinflamatorias, antioxidantes, inmunomodu-
ladoras y neuroprotectoras. El picolinato de cromo ha sido indicado para el control 
de la resistencia a la insulina. Objetivo: evaluar el efecto de la interacción de aceite 
de cártamo (30 mg/kg) y picolinato de cromo (5 µg/kg) con glibenclamida en ratas 
con diabetes inducida. Metodología: la inducción de diabetes mellitus se realizó 
con inyección intraperitoneal de estreptozotocina y los animales se distribuyeron 
aleatoriamente en grupos experimentales (n= 6/grupo), los cuales recibieron trata-
mientos por sonda gástrica durante diez días, G1: control, G2: grupo diabético que 
recibieron glibenclamida, G3: grupo diabético que recibió aceite de cártamo y pico-
linato de cromo, G4: grupo diabético que recibió glibenclamida, aceite de cártamo 
y picolinato de cromo. Después de los días de tratamiento oral, se determinó peso 
corporal, glucosa en ayunas, colesterol total, triglicéridos, glucosa después de una 
hora de sonda gástrica con sacarosa, transaminasas hepáticas y evaluación de orina. 
Resultados: el análisis estadístico de los datos indicó que los únicos parámetros alte-
rados fueron la glucosa en sangre después de la ingesta de sacarosa, los valores más 
bajos obtenidos fueron en G4 (P <0,05) y la reducción de los niveles séricos de ALT 
en G4 (P <0,05) cuando en comparación con G1. Conclusión: la interacción sin 
precedentes del aceite de cártamo, el picolinato de cromo y la glibenclamida contri-
buyó a la reducción de los niveles de glucosa en sangre y ALT sérica en ratas diabé-
ticas, es prometedora para futuros estudios en humanos.

Palabras clave: Hepatoprotección, diabetes mellitus, estreptozocina, aceite de 
cártamo, picolinato de cromo.
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Introduction

Diabetes Mellitus (DM) is a syndrome with metabolic impairment of carbohydrates, 
fats and proteins. The World Health Organization states that the prevalence of type 
2 diabetes (non-insulin dependent) has risen dramatically in countries of all income 
levels, type 2 is the most common. Complications represent one of the main causes of 
morbidity and mortality in the world [1]. The COVID-19 pandemic showed the prev-
alence and the severity of this disease, and its likely influence on the outcome of others 
[2]. Its origin is multifactorial and is related to genetic factors, diet and lifestyle [3]. 
Inflammation and oxidative stress are related to DM, therefore, the use of antioxidant 
substances is advocated, due to its potential for preserving beta cell function [4, 5].

In the diagnosis of this disease, parameters such as fasting blood glucose or post-load glu-
cose are considered, and in type 2 diabetes the plasma insulin concentration can be high 
and increase severely in the glucose tolerance test [6, 7]. By and large, the control of type 2 
diabetes mellitus (DM2) is performed by means of a strictly controlled diet, regular phys-
ical activity with body weight loss and, where needed, therapy with hypoglycemic agents 
[3]. Oral antidiabetics can act in different ways, increasing pancreatic insulin secretion 
(sulfonylureas, for example, glyburide and glinides), reducing glucose absorption (alpha-
glucosidase inhibitors), reducing hepatic glucose production (biguanides), and increas-
ing peripheral glucose use (glitazones). Glyburide is used together with exercise and diet 
to improve blood sugar control in adults with DM2, in addition, glyburide is not for 
treating type 1 diabetes [8]. The pharmacological approach to the treatment of diabetes 
mellitus is centered on achieving and maintaining glycemic control.

Although it is ideal to incorporate healthy habits it is known that part of the popula-
tion seeks alternative ways to lose weight, such as fat burners [9]. Several supplements 
are advertised with the proposal of gaining lean mass. As they are over-the-counter 
products, they are likely to be used by healthy or diabetic individuals, including those 
who extensively use DM2 medications.

Chromium picolinate is a supplement that has been used for weight loss [10] and in 
rats it was effective in reducing the damage caused by oxidative stress, suggesting its 
potential beneficial effect in diabetic patients [11]. In the United States, it is more 
common to find capsules containing 200 µg, however, this dosage reaches up to 1000 µg, 
according to information obtained in Micromedex® in 2017. Carthamus oil (Safflower 
oil or Carthamus tinctorius) is a compound that has the potential to be used in numer-
ous applications in food, cosmetic and pharmaceutical industries. This compound 
reduced the fetal malformation after supplementation of diabetic rats [12] and 200 
mg/kg for 30 days exhibited a hypoglycemic effect in rats [13]. Other authors attri-

https://www.drugs.com/cg/type-2-diabetes-in-adults-new-diagnosis.html
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bute Carthamus oil to an anti-inflammatory, antioxidant, immunomodulatory, neuro-
protective effect, protection against myocardial ischemia and other pharmacological 
practices. In its composition there are components such as quinochalcones, flavonoids, 
alkaloids, polyacetylenes, fatty acids, steroids and lignans [14].

Considering the possibility that both Carthamus oil, chromium picolinate and gly-
buride may be hypoglycemic, the hypothesis of this research is that the concomitant 
use of these drugs can lead to a reduction in blood glucose. Thus, researching the effect 
of the association of these three substances and the intensity of this effect is impor-
tant and requires in-depth studies, since they can be used freely by diabetics. Although 
there is some research on these substances in isolation, no studies were found to assess 
their interaction, therefore, the objective of this research was to evaluate the effects of 
chromium picolinate and Carthamus oil administered orally in diabetes-induced rats 
and their influence on the effectiveness of glyburide.

Material and methods

Reagents

Carthamus oil and chromium picolinate were purchased from masterly handling phar-
macy. Glyburide e streptozotocin were purchased from Cayman Chemical (Michigan, 
USA). Other reagents used in this study were of the highest quality available from 
commercial vendors.

Preliminary studies were carried out to define a vehicle for dispersion, which was added 
with Carthamus oil 15 mg/mL, glyburide 5 mg/mL and/or chromium picolinate 
2.5 µg/mL. The excipients used were: Polysorbate 20 (1.25 mL), Cellulose Gum (1 g), 
Methylparaben and Propylparaben solubilized in Propylene Glycol (2.5 mL) and puri-
fied water (qsp 100 mL).

Effects of the formulations on rats

Twenty-four male 35-day Wistar rats (weight: 95.55 ± 16.45 g) were obtained from 
the Multidisciplinary Center for Biological Research in the Area of ​​Laboratory Ani-
mal Science of the University of Campinas (SP, Brazil) and maintained at 21 °C ± 2 °C 
with a 12-h artificial light cycle, with free access to tap water. All animals were allowed 
to acclimatize for a week, followed by randomization and allocation [15].

All procedures were conducted in accordance with the Brazilian guidelines on animal 
experimentation of the National Council for the Control of Animal Experimentation 
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(Concea) and approved by the Committee on Ethics in the Use of Animals of Pontifi-
cal Catholic University of Campinas under the number 013/2017.

Diabetes induction

Diabetes was induced in overnight fasted rats by an intraperitoneal injection of freshly 
made solution of STZ (50 mg/kg) in sterilized 100 mM citrate buffer, pH 4.5. After 
three days, fasting capillary glycemia was determined [16, 17].

Treatments

The rats were randomized in four groups of 6 animals each. The treatments were 
administered by gastric gavage once a day for 10 days at 9 a. m.: G1: healthy group 
and received saline; G2: diabetic group and received 10 mg/kg glyburide; G3: dia-
betic group and received 30 mg/kg/day Carthamus oil and 5 µg/kg/day chromium 
picolinate and G4: diabetic group and received 10 mg/kg glyburide, 30 mg/kg/day 
Carthamus oil and 5 µg/kg/day chromium picolinate.

Capillary glycemia and enzyme determination

After the 10 days experimental period and a 12 h fasting period, blood samples from 
the caudal vein were used to determine fasting blood glucose. Then, gavage was per-
formed with 0.5 ml of 20% sucrose solution and after one hour the glucose was reevalu-
ated. The animals were anesthetized with ketamine (75 mg/kg) associated with xylazine 
(10 mg/kg) intramuscularly and blood was collected by direct cardiac puncture for the 
collection of 4 mL from each animal [18].

The levels of hepatic transaminases AST and ALT, total cholesterol and triglycerides 
were determined in the blood serum by using commercially available kits (Labor-
LabTM). Urine samples were analyzed with reagent strips. For the determination of 
blood glucose, a glucometer (AccuChekTM, Roche Diagnostics) was used. After the 
above procedures, the animals were euthanized with excess anesthesia [5, 17].

Data analysis

Data are presented as mean ± standard error of the mean and the statistical analysis 
was performed by Kruskal-Wallis test, followed by Dunn’s Multiple Comparison Test, 
using Graph Pad prism® 3.0 software (San Diego, California, USA), with the level of 
significance set at p < 0.005.
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Results and discussion

In the clinical evaluation of the animals, higher water consumption was perceived in 
groups G2 to G4, however, as it was not quantified, it was not possible to analyze statis-
tically. All gained weight over the study period, with no statistical difference between 
groups. The results of the urine analysis were normal in all parameters, highlighting the 
absence of glucose.

Figure 1. Blood glucose (mean ± SE, n = 6). G1: Control group, G2: Diabetic group treated with 
glyburide, G3: Diabetic group treated with Carthamus oil and chromium picolinate, G4: Diabetic 
group and received glyburide, Carthamus oil and chromium picolinate. Different letters indicate 
significant differences (p < 0.05).

Figure 2. Dosages of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total 
cholesterol (TC) and triglycerides (TG) of rats after 10-days treatment period. G1: Control group, 
G2: Diabetic treated with glyburide (10 mg/kg), G3: Diabetic group treated with Carthamus oil 
(30 milligrams/kg/day) and chromium picolinate (5 µg/kg/day), G4: Diabetic group and received 
10 mg/kg glyburide, 30 mg/kg/day Carthamus oil, and 5 µg/kg/day chromium picolinate. *Statisti-
cal analysis: Kruskal-Wallis test (p < 0.05).
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There was no significant difference in the results obtained for fasting glucose from rats 
treated with STZ compared to healthy ones. However, after sucrose intake, there was 
an increase in blood glucose, as expected, due to damage to insulin-secreting cells by 
the effect of STZ (figure 1). The increase in blood glucose after sucrose intake was 
less evident in the group that received the interaction of glyburide, Carthamus oil and 
chromium picolinate, although it also occurred in the other groups. Thus, the compari-
son between G1 and G2 indicated significance (p < 0.0001) as well as between G1 and 
G4 (p < 0.05), with no difference between G2 and G3 (p > 0.05).

There was a reduction in ALT (p < 0.05) only for the diabetic group that received Car-
thamus oil + chromium picolinate + glyburide (G4). There was no difference in the 
values of AST, TC and TG (figure 2).

A topic that has received high attention in recent times is nutritional supplementa-
tion for different purposes and improvement of the general aspect of the human body. 
As quoted by Catic and Jusufovic [19]: “food or dietary supplements are becoming 
more and more used over past 20 years and it becomes a matter of consumer interest”. 
Given that they are over-the-counter products, they are likely to be used by healthy or 
sick individuals, including those who regularly use type 2 diabetes mellitus medica-
tions. However, diabetic individuals can consume herbal compounds along with their 
prescription medications, which could lead to an important interaction that is not 
described in the literature [20]. An important interaction was found by Abdel-Kader et 
al. that demonstrated that 500 mg of olive leaf extract increases the antidiabetic effect 
of glyburide in diabetic rats [21].

The interactions can be of a pharmacodynamic or pharmacokinetic nature. If an her-
baceous plant alters the expected pharmacological effect because of its biochemical 
or physiological effect, this is known as a pharmacodynamic interaction. In case of the 
same pharmacological effect, there may be an intensification of the therapeutic effect 
with its co-administration. Dose adjustment would probably be necessary, otherwise 
the resulting effect could be harmful if monitoring and evaluation are not done.

In the present study, fasting blood glucose from rats that received streptozocin (G2, 
G3 and G4) was considered normal and without statistical difference when compared 
to the control group (G1), at the beginning and again after 10 days of treatment (fig-
ure 1). This result may explain the absence of glycosuria in all groups. However, it can 
be stated that pancreatic injury did occur, a fact that was confirmed after the marked 
and significant elevation of blood glucose in animals after oral sucrose, what will be 
discussed ahead.
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Such data corroborate with Kumar et al. [6] who carried out a review on diabetes diagno-
sis. These authors indicate that in order to diagnose DM, it’s necessary to taken account 
a) fasting blood glucose is investigated, which should not exceed 7 mmol/L, a value 
that was not exceeded by any group and that could indicate the absence of pancreatic 
injury and b) post glucose, which should not exceed 11.1 mmol/L, which was exceeded 
by the groups that received sucrose solution, namely, for G4 the average value found 
was 11.8 mmol/L, for G2 it was 15.4 mmol/L and G3 showed 14.4 mmol/L, against 
7.3 mmol/L that was obtained in the G1 control group. In this case, we could say that 
animals have become prediabetic, a condition that increases the risk of various com-
plications, such as retinopathies, nephropathies and risk of cardiovascular diseases [6].

Some authors mention that the time between dilution and injection of STZ in animals 
immediately interferes with toxicity, in other words, the activity on beta cells. In our 
study, the interval between dilution and use was about 30 minutes, depending on the 
experimental conditions. Thus, although the dose used is adequate, this interference 
possibly occurred.

Our findings indicated that the treatments influenced the glycemic level, especially the 
association of Carthamus oil, chromium picolinate and glyburide. It was found that 
the blood glucose levels after sucrose in the glyburide group (G2) were higher than in 
the group (G1) with p < 0.0001; and a similar result was obtained for the group Car-
thamus oil, chromium picolinate and glyburide (G4) with p < 0.05, as the group hav-
ing the lowest blood glucose values. It was found that there was no difference between 
groups G2 and G3 post sucrose, indicating that such treatments had equivalent effects, 
which were intensified when the three compounds were used together in G4. These 
results indicate that probably the joint use of such compounds can contribute to the 
reduction of the level of glucose in the bloodstream after the ingestion of carbohydrates 
by individuals, who have disorders in glucose uptake by cells and/or pancreatic injury.

In a study conducted by Pala et al. [22], there is a demonstration that supplementa-
tion with chromium picolinate may favor the expression of glucose transporters, which 
would be an indication of why the groups which received treatment with chromium 
picolinate present lower blood glucose results than the group which received only gly-
buride after the administration of sucrose solution at the end of the experiment.

The assessment of liver enzymes, cholesterol and triglycerides aimed to verify whether 
the proposed interaction could interfere with liver function and circulating lipids. 
There was a significant reduction in ALT values ​​in the G4 group in relation to the 
control (p <0.05) and this result is important, as the dosage of this enzyme is used, 
along with other parameters, to verify liver damage, thus suggesting that treatment 
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performed would be contributing to hepatic homeostasis (figure 2). These findings are 
in agreement with Moreira et al. [23], who described that chromium picolinate alone 
reduced liver enzymes, as well as glycemia and lipid profile in diabetic rats.

No differences were found among the AST, TC and TG values ​​of the groups that 
received treatment and the control group (figure 2). Even if DM leads to oxidative 
stress, some of these parameters could have changed, which did not occur probably due 
to pancreatic injury not being too much or oxidative stress not having been established 
during the study period, which may be considered as a limitation of our study.

Although Carthamus oil and chromium picolinate are compounds widely dissemi-
nated and used by the population, there are significant results in studies carried out 
with Carthamus oil in humans [24] and chromium picolinate in rats [22], we have 
however not found any other study that has associated them in a similar context, thus 
presenting an unprecedented study.

It should be noted that even if the treated rats showed glycemic disorders, the results 
obtained in the present study should not be extrapolated without a previous study in 
humans. Therefore, regarding diabetic individuals, it can be suggested that this treat-
ment is promising, however it requires dosage adjustments and study for a prolonged 
period, but apparently does not interfere with the lipid profile and is not hepatotoxic.

In a general way, the associated use of chromium picolinate and Carthamus oil was 
favorable to the action of glyburide. Therefore, more studies can be carried out by 
extending the time of use and carrying out studies in humans, in addition to the need 
to combine with other antidiabetics to assess their safety and effectiveness.

Conclusion

This study involved the combination of Carthamus oil (30 mg/kg) and chromium 
picolinate (5 µg/kg) interacted with glyburide (10 mg/kg) in treatment for ten days, 
which contributed to the reduction of blood glucose and serum ALT levels in pre-
diabetic rats, being promising for future investigations in humans.

Scientific contributions

GMSG, PPD and GHdS: Conception of work, analysis of results and conclusions.

JFW and ABdCE: Development of the methodology, bibliographical update and 
monitoring of statistical analysis of the results.



240

Gisele Mara Silva Gonçalves, Pedro Paulo Barros, Gustavo Henrique da Silva et al,

Disclosure statement

No potential conflict of interest was reported by the authors.

References

1.	 A.R. Saltiel, C.R. Kahn, Insulin signaling and the regulation of glucose and lipid 
metabolism. Nature, 414, 799-806 (2001). Doi: 10.1038/414799a.

2.	 L. Fang, G. Karakiulakis, M. Roth, Are patients with hypertension and diabetes 
mellitus at increased risk for COVID-19 infection? Lancet Respir. Med. 8(4), 
E21 (2020). Doi: 10.1016/S2213-2600(20)30116-8.

3.	 P. Zimmet K.G.M.M. Alberti, J. Shaw, Global and societal implications of the 
diabetes epidemic, Nature, 414(13), 782-787 (2001). Doi: 10.1038/414782a.

4.	 M. Valko, D. Leibfritz, J. Moncol, M.T.D. Cronin, M. Mazur, J. Telser, Free radi-
cals and antioxidants in normal physiological functions and human disease, Int. 
J. Biochem. Cell. Biol., 39(1), 44-84 (2007). Doi: 10.1016/j.biocel.2006.07.001.

5.	 A. Aboonabi, A. Rahmata, F. Othman, Antioxidant effect of pomegranate 
againststreptozotocin-nicotinamide generated oxidative stress induced diabetic 
rats, Toxicol. Rep., 1, 915-922 (2014). Doi: 10.1016/j.toxrep.2014.10.022

6.	 R. Kumar, L.P. Nandhini, S. Kamalanathan, J. Sahoo, M. Vivekanadan, Evidence 
for current diagnostic criteria of diabetes mellitus, World J. Diabetes, 7(17), 396-
405 (2016). Doi: 10.4239/wjd.v7.i17.396

7.	 M. Nauck,  A. El-Ouaghlidi,  I. Vardarli, Self-monitoring of blood glucose in 
diabetes mellitus: arguments for an individualized approach, Dtsch. Arztebl. 
Int., 106(37), 587-594 (2009). Doi: 10.3238/arztebl.2009.0587

8.	 Sociedade Brasileira de Diabetes,  Diretrizes da sociedade brasileira de diabetes, 
Grupo Gen-AC Farmacêutica, 2000.

9.	 S.R. El-Zayat, H. Sibaii, K.A. El-Shamy, Physiological process of fat loss, Bull. 
Natl. Res. Centre, 43, 208 (2019). Doi: 10.1186/s42269-019-0238-z

10.	 H.C. Lukaski, W.A. Siders, J.G. Penland, Chromium picolinate supplementa-
tion in woman: effects on body weight, composition and iron status, Nutrition, 
23(3), 187-195 (2007). Doi: 10.1016/j.nut.2006.12.001



Carthamus oil and chromium picolinate in diabetic rats

241

11.	 B. Sundaram, A. Aggarwal, R. Sandhir, Chromium picolinate attenuates hyper-
glycemia-induced oxidative stress in streptozotocin-induced diabetic rats, J. Trace 
Elem. Med. Biol., 27(2), 117-121 (2013). Doi: 10.1016/j.jtemb.2012.09.002

12.	 R. Higa, M. Kurtz, M.B. Mazzucco, D. Musikant, V. White, A. Jawerbaum, Folic 
acid and safflower oil supplementation interacts and protects embryos from 
maternal diabetes-induced damage, Mol. Hum. Reprod., 18(5), 253-264 (2012). 
Doi: 10.1093/molehr/gar080

13.	 P. Rahimi, S. Asgary, N. Kabiri, Hepatoprotective and hypolipidemic effects of 
Carthamus tinctorius oil in alloxan-induced Type 1 diabetic rats, J.  Herbmed. 
Pharmacol., 3(2), 107-111 (2014).

14.	 X. Zhou, L. Tang, Y. Xu, G. Zhou, Z. Wang, Towards a better understanding 
of medicinal uses of Carthamus tinctorius L. in traditional Chinese medicine: a 
phytochemical and pharmacological review, J. Ethnopharmacol., 151(1), 27-43 
(2014). Doi: 10.1016/j.jep.2013.10.050

15.	 P.P. Barros, G.M.S. Gonçalves, G.H. Silva, A.L.M. Fava, Pretreatment of hep-
atetctomized rats with Coleus forskohlii did not interfere with the course of 
hepatic hyperplasia, Acta Cir. Bras., 34(6), e201900607 (2019). Doi: 10.1590/
s0102-865020190060000007

16.	 A. Akbarzadeh, D. Norouzian, M.R. Mehrabi, S.H. Jamshidi, A. Farhangi, A.A. 
Verdi, S.M.A. Mofidian, B.L. Rad, Induction of diabetes by streptozotocin in 
rats, Indian J. Clin. Biochem., 22(2), 60-44 (2007). Doi: 10.1007/BF02913315

17.	 G.M.S. Gonçalves, P.P. Barros, G.H. Silva, J.F. Watanabe, A.B.C. Eisinger, Influ-
ence of silymarin and chromium picolinate on the pharmacotherapy of rats with 
induced diabetes, Rev. Colomb. Cienc. Quim. Farm., 49(1), 5-16 (2020). Doi: 
10.15446/rcciquifa.v49n1.81648

18.	 J. de Souza-Aquino, R. Leite-Tavares, L. de Brito-Medeiros, C.C. de Lima-Mar-
tins, D.C. Nepomuceno de Pontes-Pessoa, T.L. Montenegro-Stamford, Effect 
of the consumption on buriti oil on the metabolism of rats induced by iron 
overload, Arch. Endocrinol. Metab., 59(5), 422-427 (2015).  Doi: https://doi.
org/10.1590/2359-3997000000105

19.	 T. Catic, R. Jusufovic, Use of food supplements in Diabetes Mellitus treatment 
in Bosnia and Herzegovina from the pharmacists perspective, Mater, Sociomed., 
31(2), 141-145 (2019). Doi: 10.5455/msm.2019.31.141-145

https://doi.org/10.1590/2359-3997000000105
https://doi.org/10.1590/2359-3997000000105


242

Gisele Mara Silva Gonçalves, Pedro Paulo Barros, Gustavo Henrique da Silva et al,

20.	 I. Damnjanovic,  D. Kitic,  N. Stefanovic,  S. Zlatkovic-Guberinic,  A. Catic-
Djordjevic, R. Velickovic-Radovanovic, Herbal self-medication use in patients 
with Diabetes Mellitus type 2, Turk. J. Med. Sci., 45(4), 964-71 (2015). Doi: 
10.3906/sag-1410-60

21.	 M.S. Abdel-Kader, G.A. Soliman, R.F. Abdel-Rahman, A.S. Saeedan, R.M Abd-
Elsalam, H.A Ogaly, Effect of olive leaves extract on the antidiabetic effect of 
glyburide for possible herb-drug interaction, Saudi Pharm. J., 27(8), 1182-1195 
(2019). Doi: 10.1016/j.jsps.2019.10.001

22.	 R. Pala, M.A. Sari, F. Erten, B. Er, M. Tuzcu, C. Orhan, P.B.D. Deeh, N. Sahin, 
V. Cinar, J.R. Komorowski, K. Sahin, The effects of chromium picolinate on glu-
cose and lipid metabolism in running rats, J. Trace Elem. Med. Biol., 58, 126434 
(2020). Doi: 10.1016/j.jtemb.2019.126434

23.	 L.D.P.D. Moreira, J.V.P. Gomes, J.B. Mattar, L.O. Chaves, H.S.D. Martino, 
Potential of trace elements as supplements for the metabolic control of Type 2 
Diabetes Mellitus: A systematic review, J. Funct. Foods, 57, 317-327 (2019). Doi: 
10.1016/j.jff.2019.04.015

24.	 L.E. Norris, A.L. Collene, M.L. Asp, J.C. Hsu, L.F. Liu, J.R. Richardson, et al., 
Comparison of dietary conjugated linoleic acid with safflower oil on body com-
position in obese postmenopausal women with type 2 diabetes mellitus, Am. J. 
Clin. Nutr., 90(3), 468-476 (2009). Doi: 10.3945/ajcn.2008.27371

How to cite this article

G.M. Silva-Gonçalves, P.P. Barros, G.H. da Silva, J. Ferreira-Watanabe, A.B. de 
Camargo-Eisinger, Interaction of Carthamus oil, chromium picolinate and glyburide 
in blood glucose and its impact on liver enzymes and lipid profile in diabetes-induced 
rats, Rev. Colomb. Cienc. Quim. Farm., 51(1), 230-242 (2022).


	_gjdgxs

