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  Abstract 

      In this study, it is aimed to determine the possible effects of curcumin on hematological parameters in aflatoxin applied 

rats. Thirty eight healthy male Wistar Albino rats were used in the study. Group I animals was no applied. Animals in Group II 

were orally given 1 ml 10% DMSO daily for 60 days. Animals in Group III were orally given 300 mg/kg curcumin dissolved in 

10% DMSO daily for 60 days. Animals in Group IV were orally given 250 µg/kg aflatoxin B1 dissolved in 10% DMSO daily for 

60 days. Animals in Group V was orally given 250 µg/kg aflatoxin B1 dissolved in 10% DMSO and 300 mg/kg curcumin 

dissolved in 10% DMSO daily for 60 days. At the end of the study, erythrocyte count, leukocyte count, platelet count, 

hemoglobin amount, hematocrit value, percentage ratios of leukocyte types, mean corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) were determined in blood samples 

taken from all animals. In the study, erythrocytes count, hemoglobin concentration, hematocrit value and MCHC level in the 

aflatoxin applied rats significantly decreased compared to the control group (p<0.05). MCV level in the aflatoxin applied rats 

was found significantly higher compared to the control group (p<0.05). In the group in which aflatoxin and curcumin were 

administered together, erythrocytes count, hemoglobin concentration, hematocrit value and MCHC levels were found to be 

significantly higher compared to the group administered only aflatoxin (p<0.05). In the study, the leukocyte count significantly 

decreased in the aflatoxin group compared to the control group (p<0.05). Granulocyte and monocyte percentage significantly 

increased depend on aflatoxin application (p<0.05). In the group in which aflatoxin and curcumin were administered together, 

the leukocyte count significantly increased compared to the aflatoxin group (p<0.05). We concluded that curcumin may 

alleviate the abnormalities in hematological parameters resulting from aflatoxicosis.  
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 INTRODUCTION 

In parallel with the economic 

developments of the countries, the demands of the 

societies for meat, milk and other animal products 

are increasing in order to get the necessary protein 

and essential minerals with nutrients (12). There are 

different environments and contaminations in which 

foodstuffs are exposed in many stages from the field 

and industrial production to consumption. 

Depending on any of these stages, the presence of 

mycotoxins in foodstuffs remains one of the most 

important obstacles to the developing food sector 

(19). Although there are many mycotoxins in the 

world, aflatoxins are the most common seen 

mycotoxins. Aflatoxin B1 is a secondary metabolite 

with hepatotoxic properties produced by 

Aspergillus species such as Aspergillus flavus, 

Aspergillus nomius and Aspergillus parasiticus. 

These cause contamination during the production 

and processing of foods and feeds (32). Recent 

studies have shown that humans and livestock are 

sensitive to aflatoxins and that aflatoxins have acute 

toxicity, mutagenicity and carcinogenic effects (16). 

Mycotoxins cause hepatotoxicity, nephrotoxicity, 

hepatocarcinogenicity in humans and animals due 

to their various negative effects (15). It is reported 

that the damage of tissues and cells due to aflatoxin 

intoxication especially causes the decrease in protein 

synthesis in the liver and intestines (7, 26). As a 
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result of aflatoxin B1 damaging hematopoietic 

organs, it is reported that it causes negative changes 

especially in erythrocyte counts and hemograms 

(33), as well as it reduced the levels of parameters 

such as hemoglobin and hematocrit value (7, 26). It 

is suggested that the decrease in erythrocyte counts 

indicates inhibition of protein synthesis (24, 26, 42). 

It is reported that stress caused by aflatoxin on liver 

and kidney tissue decreases the total erythrocyte 

count, which is the result of decreased 

erythropoietin activity depending on aflatoxin B1 

(30, 36). 

Curcumin(1,7-bis(4-hydroxy-3methoxyphenyl)-

1,6-hepadien-3,5-dion) is a herbal phenolic 

compound that is abundant in the roots of the 

Curcuma Longa plant. It is used as a coloring and 

spice in foods. It is among the notifications that 

curcumin can prevent oxidative stress occurring in 

erythrocyte membranes and can reverse the negative 

effects of oxidative stress on plasma proteins (22, 

43). Curcumin has been reported to have positive 

effects on mycotoxins-induced cell damage, free 

radical release and lipid peroxidation (11, 25). 

Based on the above information, this study is 

planned to determine the possible effects of 

curcumin on hematological parameters in rats 

administered aflatoxin. 

MATERIALS AND METHODS  

Thirty eight healthy male Wistar Albino rats (2 

weeks old) were used in the study. In the study, 

suitable living conditions (heat, humidity and light) 

were provided for the rats. The animals were 

divided into five groups and fed for 60 days with 

standard rat food as ad libitum. This study protocol 

was approved by Selçuk University Experimental 

Medicine Research and Application Center Ethics 

Committee (Report no. 2018-26). 

Group I (K) (n=6): Nothing was applied.  

Group II (DMSO) (n=6): The animals were 

orally given 1 ml 10% DMSO daily for 60 days. 

Group III (Cur) (n=6): The animals were orally 

given 300 mg/kg curcumin (Sigma Aldrich, St. 

Louis, MO, USA) dissolved in 10% DMSO daily for 

60 days.  

Group IV (AFB1) (n=10): The animals were 

orally given 250 µg/kg aflatoxin (Acros Organics, 

Geel, Belgium) B1 dissolved in 10% DMSO daily for 

60 days.  

Group V (AFB1+Cur) (n=10): The animals was 

orally given 250 µg/kg aflatoxin B1 dissolved in 10% 

DMSO and 300 mg/kg curcumin dissolved in 10% 

DMSO daily for 60 days (21, 31).  

In the study, blood was taken from animals in 

all groups at the end of 60 days. In these blood 

samples, erythrocyte count, leukocyte count, platelet 

count, hemoglobin amount, hematocrit value, 

percentage ratios of leukocyte types, mean 

corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH), mean corpuscular hemoglobin 

concentration (MCHC) were determined. 

Erythrocyte count, leukocyte count, platelet count, 

hemoglobin amount, hematocrit value, percentage 

ratios of leukocyte types, MCV, MCH and MCHC 

levels were measured by the impedance method in 

the Abbott Cell Dyn 1800 autoanalyser.  

The data obtained from the study were 

analyzed by one-way ANOVA (SPSS 19). 

Differences among the groups were determined by 

Duncan’s multiple range test. Differences were 

considered significant at p<0.05. 

RESULTS 

In the study, the effects of curcumin application 

in rats treated with aflatoxins on erythrocyte count, 

hemoglobin, hematocrit, MCV, MCH and MCHC 

levels are given in Table 1 and its effects on 

leukocyte count, granulocyte, lymphocyte, 

monocyte and platelet levels are given in Table 2. 
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Table 2. The effects of curcumin on leukocyte count, granulocyte, lymphocyte, monocyte and platelet 

levels in aflatoxin-applied rats (Mean±SE). 
Leukocyte count 

(x 103/mm3) Granulocyte (%) Lymphocyte (%) Monocyte (%) 

Platelet 

(K/µl) 

Group I 10.44±0.66a 16.62±0.76bc 79.52±2.54 2.87±0.23b 628.33±42.34 

Group II 10.63±0.90a 16.55±0.66bc 79.30±1.56 4.15±0.34a 638.67±29.57 

Group III 10.38±0.63a 15.23±0.45c 81.15±1.73 3.62±0.41ab 634.17±41.70 

Group IV 6.07±0.69c 18.97±0.67a 76.62±0.74 4.41±0.30a 581.50±36.39 

Group V 8.24±0.58b 18.43±0.55ab 77.63±1.44 3.94±0.25a 597.80±35.51 
a-c The difference between mean values with different superscripts in the same column is significant at the p<0.05 level. 

DISCUSSION 

In the study, erythrocyte count, hemoglobin 

concentration and hematocrit value from 

hematologic parameters of the rats administered 

aflatoxin for 60 days showed a significant decrease 

compared to the control group (p<0.05, Table 1). 

While MCV level, which is one of the erythrocyte 

indices, was found to be significantly higher with 

aflatoxin application compared to the control group 

(p<0.05, Table 1), the MCHC level was significantly 

lower than control group (p<0.05, Table 1). In the 

study, it was determined that erythrocyte count, 

hemoglobin concentration and hematocrit value in 

the group which aflatoxin and curcumin were 

administered together with the same duration were 

significantly higher compared to the group that only 

aflatoxin was applied (p<0.05, Table 1). With the 

application of curcumin together with aflatoxin, the 

change in the level of MCHC from erythrocyte 

indices was significant compared with aflatoxin 

group (p<0.05, Table 1). A marked decrease in the 

MCV level with the application of curcumin 

together with aflatoxin was observed, but this 

decreament was not impotant. There was no 

significant difference among the groups in terms of 

MCH level.  

The hematopoietic system acts as a mirror that 

reflects changes occurring the body depending on 

exposure to chemicals, toxic agents and drugs in  

humans and animals (2, 44). Aflatoxins have 

harmful effects in terms of many tissues and organs, 

especially liver, kidneys and hematopoietic system, 

in humans and animals (30, 36). In the study, 

negative changes in erythrocyte count, hemoglobin 

and hematocrit value related to aflatoxicosis can be 

attributed to many factors. These include the fact 

that aflatoxin B1 directly affects erythropoiesis in the 

bone marrow and decreases the production of 

erythrocytes, as well as the rapid destruction in 

erythrocytes produced by spleen and released from 

there into the circulation (30, 36). The significant 

decrease in hemoglobin level depending on 

aflatoxicosis observed in the study appears to reflect 

macrocytic hypochromic anemia. The reason for the 

decrease in hemoglobin level can be attributed to 

decrease in erythrocyte count and impairing of 

heme biosynthesis in the bone marrow (30, 36). On 

the other hand, it is suggested that aflatoxin B1 may 

cause hemolytic anemia depending on hemopoietic 

cellular defects, which may contribute to negative 

changes in erythrocyte count and hemoglonin level 

(2, 5, 40). It is suggested that another factor which 

causes negative changes in hematological 

parameters may be down-regulation of 

erythropoietin activity depending on the stress 

caused by aflatoxin in kidneys (30, 36). It is also 

reported that aflatoxins reduce serum total iron 

binding capacity and cause protein synthesis 

inhibition and low serum albumin level (1, 20, 23). 

Table 1. The effects of curcumin on erythrocyte count, hemoglobin, hematocrit, MCV, MCH and MCHC 

levels in aflatoxin-applied rats (Mean±SE). 
Erythrocyte count  

(x 106/mm3) 

Hemoglobin 

 (g/dl) 

Hematocrit 

 (%) 

MCV 

 (µm3) 

MCH 

 (pg) 

MCHC 

 (%) 

Group I 7.25±0.14a 13.23±0.42ab 38.12±0.60a 52.58±0.84b 18.27±0.53 34.72±0.55a 

Group II 7.21±0.44a 13.18±0.29ab 38.37±0.77a 53.22±2.22ab 18.28±0.66 34.35±1.04a 

Group III 7.39±0.47a 13.55±0.38a 38.93±0.69a 52.68±2.55b 18.33±1.01 34.82±0.79a 

Group IV 5.32±0.40b 9.43±0.60c 31.28±0.43c 58.80±1.54a 17.73±0.60 30.15±0.71b 

Group V 6.57±0.33a 11.79±0.41b 35.56±0.89b 54.12±1.87ab 17.95±0.56 33.16±0.85a 
a-c The difference between mean values with different superscripts in the same column is significant at the p<0.05 level. 
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There are several reasons for the decrease in 

hemoglobin level depending on aflatoxicosis, such 

as aflatoxin B1 increases the autooxidation rate of 

oxyhemoglobin and shortens cell life time with 

negatively affecting ATP energy support and sugar 

transfer as a result of aflatoxin B1 binding to cell 

membrane proteins (6, 8, 14). The decrease in 

erythrocyte count and hematocrit value is attributed 

to hemolysis caused by lipid peroxidation of plasma 

membrane due to aflatoxin B1 (29).  

Curcumin, a yellow substance obtained from 

the roots of the Curcuma longa plant, is a crystalline 

compound. Since it has many biological activities, it 

is claimed that curcumin is used as a 

hepatoprotective based on its antioxidant and anti-

inflammatory properties, and it is also useful in 

various types of cancer (3, 17, 39). In the study, 

positive changes in erythrocyte count, hemoglobin 

amount and hematocrit value as a result of 

curcumin application together with aflatoxin 

support the reports that curcumin minimizes the 

negative changes occurring hemogram. It is stated 

that curcumin increases erythropoiesis, supports cell 

membrane stabilization and prevents cellular 

damage caused by reactive oxygen species, thereby 

restoring the amount of blood (2, 10, 35). It is 

reported that curcuminoids extracted from turmeric 

are a natural absorbent, can absorb toxins through 

polar ends, besides detoxifying epoxides, inducing 

drug metabolizing enzymes such as glutathione-S-

transferase and they increase their detoxifying 

properties against toxins (18, 29, 37, 38). It is stated 

that these properties reflect positive effects of 

curcumin on changes in blood parameters related to 

aflatoxin (29). In this study, positive findings related 

to curcumin can be attributed to the above 

mentioned features of curcumin.   

In the study, the leukocyte count, which is one 

of the hematological parameters, significantly 

decreased in aflatoxin B1 applicated rats compared 

to the control group (p<0.05, Table 2). When 

leukocyte fractions were examined, it was 

determined that while the percentage of 

granulocytes significantly increased depending on 

aflatoxin application (p<0.05, Table 2), the 

percentage of monocyte from mononuclear 

leukocytes significantly increased (p<0.05, Table 2) 

and the change in the percentage of lymphocyte was 

not significant. In terms of the number of platelets 

determined in the study, there was no significant 

difference between the groups depending on 

aflatoxin application. In the study, while the 

leukocyte count of group with curcumin application 

together with aflatoxin was significantly increased 

compared to the aflatoxin group (p<0.05, Table 2), it 

was still significantly lower than the control group 

(p<0.05, Table 2). In the study, the changes 

determined in the percentages of granulocytes and 

monocyte of group with curcumin application 

together with aflatoxin were not statistically 

significant compared to the aflatoxin group. 

In the study, the significant decrease in the 

leukocyte count in the aflatoxin group compared to 

the control group (p<0.05, Table 2) is evaluated as a 

reflection of the immunosuppressive effect caused 

by aflatoxin B1 (27, 28, 34, 36). The decrease in total 

leukocyte count depending on aflatoxin is in 

agreement with the findings of various researchers 

(2, 8). In the study, the reason of high granulocyte 

percentage determined in aflatoxin group may be 

the result of lymphopenia, as well as may be an 

indicator of the persistence of aflatoxin B1 related 

inflammation (13). The significant increase in the 

amount of monocytes can also be considered as a 

reflection of the inflammatory condition caused by 

aflatoxin in various organs and tissues. The decrease 

in the total leukocyte count may be the result of 

various factors such as impaired immunogenesis, 

decreased phagocytic activity, thymus aplasia, 

suppression of cell-mediated immunity and 

suppression in leukocyte migration, besides general 

suppression caused by aflatoxin B1 in the 

hemopoietic system (4, 28, 36). The fact that 

curcumin application has reducing effect negative 

results caused by aflatoxin B1 on the hematopoietic 

system supports that herbal products contains 

antioxidative and anti-inflammatory agents. 

Enhancing effect on total leukocyte count of 

Curcuma Longa extract and curcumin shows that 

curcumin has immunostimulatory activity (9, 36). 

On the other hand, it is suggested that curcumin as 

an anti-inflammatory agent can disrupt the 

interaction between circulating cells and 

endothelium, thereby improving the survival time of 

leukocytes (3, 41).  

CONCLUSION 

The results we obtained in the study are 

considered important in terms of revealing that the 

administration of curcumin together with aflatoxin 

for 60 days alleviated the negative changes in 

hematological parameters related to aflatoxicosis. 
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