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Abstract

Background: Main of agriculturists in Singburi was cultivated rice and major pesticides’ use is chlorpyrifos; 
however, farmers are applied bio-extracts to eliminate pest and trend to be organic farming. Hence, organic 
farmers may become lower risks from pesticides rather than non-organic farmers. Aim: To determine biochemical 
and hematological status between organic and non-organic farmers, Bang Rachan district, Singburi, Thailand. 
Materials and Methods: Farmers were separated into organic farmer group (N = 35) and non-organic farmer 
group (N = 45). Individual data for pesticide exposure were included, and pesticide-exposed relating symptoms 
were recorded. All demographic data of participants were documented before blood collection. Serum samples were 
analyzed for butyrylcholinesterase (BuChE) activity, liver function test, kidney function test, and lipid profiles. Each 
ethylenediaminetetraacetic acid-whole blood was determined for complete blood count (CBC). NaF plasma was 
analyzed for determine fasting blood glucose. All biochemical parameters were principled according to enzymatic 
assays and CBC was automatic analyzers. The data were represented in average ± standard deviation, and difference 
of biochemical and hematological status of two groups was statistically tested by unpaired t-test (P < 0.05). Results 
and Discussion: Blood glucose and lipid profiles of non-organic farmers were higher than reference ranges and 
significantly difference with other groups. Mean corpuscular hemoglobin (MCH) and MCH concentration values of 
non-organic farmers were lower than reference range and interpreted as anemia. Conclusions: Non-organic farmers 
were suchronic pesticide exposure with normal BuChE values and no related symptom; therefore, subclinical 
symptoms were disturbed biochemical and hematological status; and prediabetes, dyslipidemia, and anemia appeared.

Key words: Biochemical test, cholinesterase, complete blood count, pesticide exposure, organic farming

Address for correspondence: 
Asst. Prof. Dr. Yuttana Sudjaroen, Faculty of Science 
and Technology, Suan Sunandha Rajabhat University, 
1 U-Thong-Nok Rd., Dusit, Bangkok 10300, Thailand. 
Phone: +(66)-2-160-1143-5. Fax: (66)-2-160-1143-6. 
E-mail: yuttana.su@ssru.ac.th

Received: 01-03-2017 
Revised: 21-03-2017 
Accepted: 29-03-2017

INTRODUCTION

Pesticides are broadly utilized for pest and 
pest-induced disease controls, especially 
in crop cultivation and vector-borne 

diseases control for public health work. World 
pesticides, including herbicides, insecticides, 
fungicides, and rodenticides, were annually 
applied approximately 2.4 million tons during 
2006 and 2007.[1] Developing countries were 
used pesticide about 20% of the world, and 
Thailand was the third rank of pesticide usages 
in Asia-Pacific region.[2-5] The health effects 
of intensive pesticide utilized and frequent 
pesticide exposures were caused acute and 
chronic intoxications, which were public health 
problems in Thailand. There was an increasing 

trend of pesticides imported from about 110,000 tons in 2007 
to approximately 172,000 tons in 2013. Herbicides were 
the major pesticides with the highest proportion of import 
(62-79%), followed by insecticides (12-23%) and fungicides 
(5-11%). There were about 49,000 to 61,000 reported cases of 
pesticide intoxication each year with morbidity rate between 
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76.4 and 96.6 per 100,000 populations. The reported cases of 
the toxic effects of substances during 2007-2013 were found 
predominantly in the Central region of Thailand (31-36%), 
followed by the North Eastern region (27-31%), whereas the 
annual proportion of the North (18-20%) were almost equal 
to those of the South (18-19%). The number of cases were 
usually increased during the growing season of many crops 
in rainy season (May - August) each year, and it was found 
mainly in farmers and farm workers.[4,6]

Pesticides exposures of agricultural workers were major 
occurred while were contact on mixing, loading, and 
spraying pesticides in farming and orchard area, and the 
rate of exposure may be several times of proportion in 
agriculturalist higher than in general people.[2,5,7] Intensively, 
pesticide usage was lead high accumulation of toxic residues 
in environment (such as in soil, sediment, and water 
resources) and may spread to ecosystem (including aquatic 
animals, livestock, and agricultural products). The top of 
the food chain is humans; thus, pesticides are also contained 
in human body and hence made harmful health outcome. 
Acute and chronic clinical symptoms were characterized by 
pesticide exposures through water and food consumption.[8-10] 
In literature reviews were mainly reported chronic effects of 
pesticides, which was focused on carcinogenesis in pesticide-
exposed workers.[11-13] However, other health effects were 
also related to pesticide exposure including effects in various 
human systems such as the immune, nervous, endocrine, 
and reproductive systems.[14-20] According to epidemiologic 
data, pesticides were affected on enzymes, which were 
responsible for liver function, blood cell characteristics, and 
other biochemical pathways in persons who were pesticide 
exposed and had occupationally diseases.[4,20-23] The current 
pesticide poisoning in Thailand was reported, and the chronic 
toxic effects of pesticide exposure were considered by 
worker, community, and government levels, which were pay 
attention to reduce the intensive pesticide usage. One way to 
reduce pesticide usage was the urgently promoted the organic 
farming practices, and search for the effective biopesticides 
or biological agents is used to control agricultural pests to 
substitute the chemical pesticides.[4,6]

Singburi province was a great city in Thai history for the 
heroic act of the villagers of Bang Rachan in battle, which 
located on the West bank of the Chao Phraya River, about 
142 km from Bangkok, and it is an area of around 841 km2. 
Geographically, it is a basin where three rivers: Chao 
Phraya, Noi, and Lopburi, flow through, are well known for 
abundant river fish, particularly the “Mae La” fish. More 
than 90% of agriculturists in Singburi were cultivated rice, 
and major pesticides’ use is chlorpyrifos, the member of 
organophosphates; however, Singburi farmers are applied to 
use bio-extracts for eliminate pest and trend to be organic 
farming by rapidly changing farming practices such as, 
relies on fertilizers of organic origin, i.e., compost, manure, 
green manure, and bone meal; crop rotation and companion 
planting; and biological pest control. Hence, organic farmers 

may become lower risks of health effects from pesticides 
rather than non-organic farmers. We were interested to the 
determined biochemical and hematological parameters and 
pesticide expose-related symptoms between organic and 
non-organic farmers who habitat at Bang Rachan district, 
the most rice cultivate area of Singburi. This research 
results may be used as a guideline to health awareness of 
occupationally workers or agriculturalists for changing from 
“risk” to more “safe” practices to prevent toxic effects from 
pesticide exposure. In case of non-organic farmers who 
were occurred subchronic effects, there may change the 
agricultural practices by public relations. These data were 
attractive for healthy consumers, which consumed safe rice 
products and may lead to increase organic rice demand in 
healthy food markets. Safety agriculture practices of farmers 
were benefited in organic farming due to health safety, cost 
reduction, and value added of agricultural products (as 
organic or high quality products).

MATERIALS AND METHODS

Subjects

Anthropometric data, characteristics of pesticide usage, and 
related symptoms for pesticide exposure were documented. 
Blood samples were collected from agriculturalists at Bang 
Rachan district, Singburi province that came for health service 
by Saun Sunandha Rajabhat University during November to 
December 2016. Farmers were separated into organic farmer 
group (N = 35), which were no past history of pesticide use in 
farming during the past 3 years ago, and non-organic farmer 
group (N = 45) was farmers who used pesticides frequently. 
Both of male and female farmers had same agricultural 
activities. Individual data for pesticide exposure were 
included the frequency of protective tool used and rate of 
pesticide exposure. The pesticide-exposed relating symptoms 
were recorded by interviewing. The participants with poor 
literacy had helped for filling the form of questionnaire. 
Informed consent of all participants was done, and study 
protocol was approved by the Ethical Review Committee. 
The demographic data, smoking habits, farming duration, 
and environmental habitat were significantly similar among 
two groups. After history documented, height and weight of 
each participant were measured using a fix stadia rod and 
an electronic scale, respectively, which were calculated the 
body mass index (BMI). All information of participants was 
documented before blood collection.

Blood collection, specimen preparation, and 
laboratory assay

Each blood sample was obtained by venipuncture from 
median cubital vein. 10 ml of fasting blood sample was 
collected and then divided into 6 ml of blood sample was 
drawn into clotting blood tube for prepare serum and the 
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remaining was drawn into ethylenediaminetetraacetic acid 
(EDTA) and NaF tubes (2 ml for each) for prepare EDTA-
whole blood and NaF plasma.[24] Each serum sample was 
analyzed for butyrylcholinesterase (BuChE) activity, liver 
function test (including total protein, albumin, aspartate 
aminotransferase [AST], alanine aminotransferase [ALT], 
alkaline phosphatase [ALP], total bilirubin, total bilirubin, 
and direct bilirubin), kidney function test (creatinine and 
blood urea nitrogen [BUN]), and lipid profiles (triglyceride, 
cholesterol, high density lipoprotein-cholesterol [HDL-c], 
and low density lipoprotein-cholesterol [LDL-c]). Each 
EDTA-whole blood was determined for complete blood count 
(CBC) including red blood cell indices, white blood cell count 
and differential of white blood cell, and platelet count; then 
hematological status was evaluated. Each NaF plasma was 
analyzed for determine fasting blood glucose. All biochemical 
parameters were principled according to enzymatic assays 
and operated by automatic analyzer, COBAS c501 (Roche-
diagnostics, Rotkreuz, Switzerland) and CBC was analyzed by 
Celltac E MEK-7222 (Nihon Kohden, Tomioka, Japan). The 
laboratory assay was repeated in the triplicate analysis of three 
blood sample types. Quality controls were done by calculation 
of coefficient of variation, which ≤10% and performed in 
certified clinical laboratories. The values of biochemical 
and hematological data were interpreted by reference values 
according to Clinical and Laboratory Standards Institute.[25]

Statistical analysis

The anthropometric, biochemical, and hematological data 
were represented in average ± standard deviation. Statistical 
analysis was performed using the SPSS computer program 
version 14.0 (SPSS, Chicago, IL, USA). The normal 
distribution and difference biochemical and hematological 
parameters between organic and non-organic farmers 
were statistically tested by Kolmogorov–Smirnov test and 
unpaired t-test, respectively. The statistical significance for 
each analysis was considered at P < 0.05.

RESULTS

The 80 farmers were joined in this study, which divided into 
35 and 45 for organic and non-organic farmers, respectively. 
Anthropometric data and working conditions of the 
participants were shown in Table 1. The average of BMI of 
both groups was risked to overweight (BMI = 23-24.9)[26] and 
no statistical different between age range and BMI value in 
both groups (P > 0.05). Main of non-organic farmers (more 
than 50%) had worked with pesticide exposure more than 
5 years. However, main of non-organic farmers (more than 
70%) was often utilized protective equipment and some of 
organic farmers were agriculture with pesticide usage in 
the part. BuChE activity values of both groups were within 
the reference range (4.65-10.44 U/mL) and no significantly 
different [Table 2]. Other biochemical parameters of organic 
and non-organic farmers were evaluated and had interpreted 
with reference values [Table 2]. The average of each 
biochemical values including ALP, bilirubin, total protein, 
albumin, BUN, and creatinine in both groups were also no 
statistical different and values were within reference range. 
AST and ALT values in non-organic farmers were slightly 
higher than reference values; however, there was no statistical 
difference when compared to liver enzymes in organic farmers. 
The level of fasting blood glucose and lipid profiles including 
cholesterol, triglyceride, HDL-c, and LDL-c between both 
groups was significantly difference at P = 0.047, 0.035, 0.026, 
0.023, and 0.039, respectively. Non-organic farmer group 
was risked to pre-diabetes and dyslipidemia and trended to 
higher risk of cardiovascular diseases rather than organic 
farmers by higher in levels of triglyceride, cholesterol, and 
LDL-c and lower in level of HDL-c [Table 3]. Hematological 
parameters were determined in organic farmers and in non-
organic farmers by CBC,[27] which were shown in Table 4. 
The mean corpuscular hemoglobin (Hb) (MCH) and MCH 
concentration (MCHC) of non-organic farmers were lower 
(22.8 ± 4.2 pg and 29.1 ± 1.5 g/dL, respectively) than normal 
(MCH = 23-33 pg and MCHC = 31-37 g/dL);[27] however, 

Table 1: Anthropometric characteristics and history for pesticide use in organic and non‑organic farmers
Parameter Organic farmers (n=35) Non‑organic farmers (n=45) P value
Age 61.5±10.8 62.1±12.3 >0.05

BMI 23.6±1.5 24.5±2.6 >0.05

Working duration for sprayers n (%)

1‑5 years 11 (31.4) 13 (28.9)

5‑10 years 2 (5.7) 22 (48.9)

>10 years 10 (22.2)

Frequently of protective equipment use n (%)

Never 4 (8.9)

Rarely 3 (8.6) 6 (13.3)

Very often 9 (25.7) 25 (55.6)

Always 1 (2.8) 5 (11.1)
BMI: Body mass index
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no significantly different between two groups for all 
hematological parameters. Significant symptoms of pesticide 
exposure such as burning sensation in eyes and/or skin, chest 
lightness, dizziness, headache, and weakness rarely occurred 
in both groups.

DISCUSSION

BuChE activity is a reliable biomarker of pesticide 
exposure and generally used to estimate pesticide toxicity 
in occupational and clinical toxicology[2,3,28] and experts 
have recommended BuChE activity lower 60% of the 
reference value as critical value.[5] In our results, BuChE 
activities in both groups were within the normal range 
and no statistical different. Normal BuChE levels in non-
organic farmers may due to good practice for pesticide 
usage by often used protective equipment; however, 
normal BuChE levels in organic farmers were due to low 
pesticide exposed. Liver function test in both groups was 
no statistical different and almost within reference range;[25] 
however, in non-organic farmers were slightly higher 
AST and ALT, which may unclear for the reasons between 
pesticide-exposed and/or may some medication of chronic 
diseases in elderly farmers, and this was the limitation of 
our study.[29] Lack of individual characteristics rather than 
age and BMI may also a limitation of this study. Fasting 
blood glucose and lipid profiles in non-organic farmers 
were trended to a higher risk of cardiovascular diseases and 
significant different, which should be focus. The previous 
studies had reported the relation between organophosphate 
exposure and alteration of biochemical metabolism in 
animal model and epidemiological studies. Subchronic 
exposure of chlorpyrifos, the one member of OPs in farmer 
use, caused hyperlipidemia, glycogen storage reduction in 
liver, and increased oxidative stress, which was the risk 
of many chronic diseases such as cardiovascular diseases, 
hypertension, and diabetes mellitus (DM).[19,20,30-32] DM, 
particularly Type 2, is considered a multifactorial disease, 
in which genetics and lifestyle play a significant role, 
as well as environmental and occupational factors.[20,26] 
Indeed, the previous study was demonstrated a strong 
correlation between the blood concentration of malathion, 
an organophosphate insecticide, and insulin resistance 
among farmers.[20,32,33] Corresponded previous studies 
have demonstrated increased levels of pro-inflammatory 
cytokines in rats exposed to organophosphates.[20,32,34,35] 
In addition, it has been demonstrated that the peripheral 
administration of interleukin-6 induces hyperglycemia and 
insulin resistance in humans and rodents.[36] A recent study 
hypothesized that organophosphate pesticides can attenuate 
the incretin effect and produce insulin resistance through 
lipotoxic effects, inflammatory stimulation, and the induction 
of oxidative stress.[20,32] The effects on hematological status 
by subchronic exposure were obtained not much attention. 
In our study, the mean of MCH and MCHC in non-
organic farmers was lower than reference values, which 
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corresponded to the previous report.[4] The lowering of 
MCH and MCHC values and normocytic anemia[27] caused 
by pesticide exposure, particularly organophosphates were 
still unclear; however, there may cause by general anemia 
in elderly caused by chronic blood loss, malnutrition, etc., 
and the subclinical symptoms caused by chronic pesticide 
exposure (particularly organophosphates) in long period 
may induce anemia in animal models.[4,20,31,32,37] Furthermore, 
anemia due to pesticide exposure had been reported in 
Indian pesticide sprayers, which were significantly low in 
levels of Hb, Hct, MCV, MCH and MCHC, and impaired 
liver and kidney functions also occurred.[38]

CONCLUSION

Age and BMI of organic and non-organic farmers in Bang 
Rachan district, Singburi, Thailand, were similar and no 
significant symptoms related to pesticide exposure which 
corresponded to normal levels of cholinesterase; however, 
AST and ALT values in non-organic farmers were slightly 
higher than reference values. Blood glucose and lipid 
profiles between non-organic farmers were higher than 
reference values, which were risked to pre-diabetes and 
dyslipidemia. MCH and MCHC values of non-organic 
farmers were lower than reference range and interpreted 
as normocytic anemia. In conclusion, non-organic farmers 
were subchronic pesticide exposure with normal BuChE 
values and no related symptom; therefore, subclinical 

symptoms were disturbed biochemical and hematological 
status, and pre-diabetes, dyslipidemia, and anemia 
appeared.

ACKNOWLEDGMENT

We are grateful to farmer group who cultivate organic 
riceberry, Bang Rachan district, for publicizing the study 
to farmers and supporting meeting place for interviewing, 
collecting samples and health service. We would like 
also thank the Research and Development Institute, Suan 
Sunandha Rajabhat University, for funding support and 
Faculty of Science and Technology, Suan Sunandha Rajabhat 
University for some instruments supports.

REFERENCES

1.	 U.S. Environmental Protection Agency. Pesticide 
Market Estimates: 2006-2007. Washington, DC: Office 
of Pesticide Programs; 2011 Available from: http://
www.epa.gov/opp00001/pestsales/07pestsales/table_of_
contents2007.htm. [Last accessed on 2015 Nov 10].

2.	 WHO, UNEP. Public Health Impact of Pesticides Used 
in Agriculture. Geneva: WHO; 1999.

3.	 Abhilash PC, Singh N. Pesticide use and application: An 
Indian scenario. J Hazard Mater 2009;165:1-12.

4.	 Sudjaroen Y. Biochemical and hematological status of 

Table 3: Fasting blood sugar and lipid profiles in organic and non‑organic farmers
Sample group Fasting blood 

sugar (mg/dL)
Lipid profiles

Cholesterol (mg/dL) Triglyceride (mg/dL) HDL‑c (mg/dL) LDL‑c (mg/dL)
Organic 
farmers (n=35)

93.4±12.5 192.9±20.66 163.2±13.08  47.9±3.28 129.1±25.15

Non‑organic 
farmers (n=45))

108.5±15.6 211.5±20.56 191.0±17.25 35.3±4.67 141.2±31.52

Reference range 70‑110 0‑200 50‑200 35‑100 70‑160

P value 0.047* 0.035* 0.026* 0.023* 0.039*
*Statistical significance at P≤0.05. HDL‑c: High‑density lipoprotein‑cholesterol, LDL‑c: Low‑density lipoprotein‑cholesterol

Table 4: Hematological parameters in organic and non‑organic farmers*
Sample group WBC  

(103/mm3)
RBC 

 (106/mm3)
Hb  

(g/dL)
Hct (%) MCV (fL) MCH (pg) MCHC  

(g/dL)
RDW (%) Plt  

(103/mm3)
Organic 
farmers (n=35)

6,235±2184 4.5±0.7 13.5±1.1 39.5±2.3 89.5±3.1 28.0±1.5 32.8±1.2 14.2±0.5 289,625

Non‑organic 
farmers (n=45)

5,926±1789 4.6±0.3 13.2±0.8 38.8±4.2 86.9±5.6 22.8±4.2 29.1±1.5 14.1±0.6 285,451

Reference 
range

4,000‑10,000 4.0‑5.5 M=13‑18
F=12‑16

M=35‑49
F=32‑42

80‑100 23‑33 31‑37 12‑16 140,000‑400,000

P‑value 0.56 0.245 0.667 0.910 0.566 0.105 0.149 0.961 0.267
*For WBC differential, data not shown. WBC: White blood cell, RBC: Red blood cell count, Hb: Hemoglobin, Hct: Hematocrit, MCV: Mean 
corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RDW: Red blood cell 
distribution width, Plt: Platelet count.



Sudjaroen and Suwannahong: Biochemical, haematological parameters and pesticide expose related symptoms in organic farmers

Asian Journal of Pharmaceutics • Jan-Mar 2017 (Suppl) • 11 (1) | S240

pesticide sprayers in Samut Songkhram, Thailand. Ann 
Trop Med Public Health 2015;8:186-90.

5.	 WHO. The WHP Recommended Classification of 
Pesticides by Hazard and Guidelines to Classification. 
Geneva: World Health Organization Program on 
Chemical Safety; 2009.

6.	 Tawatsin A, Thavara U, Siriyasatien P. Pesticides used 
in Thailand and toxic effects to human health. Med Res 
Arch 2015;3:1-10.

7.	 Khan AA, Shah MA, Rahman SU. Occupational 
exposure to pesticides and its effects on health status of 
workers in Swat, Khyber Pakhtunkhwa, Pakistan. J Biol 
Life Sci 2013;4:43-55.

8.	 Younes M, Galal-Gorchev H. Pesticides in 
drinking water - A case study. Food Chem Toxicol 
2000;38 1 Suppl: S87-90.

9.	 Quackenbush R, Hackley B, Dixon J. Screening for 
pesticide exposure: A case study. J Midwifery Womens 
Health 2006;51:3-11.

10.	 Boobis AR, Ossendorp BC, Banasiak U, Hamey PY, 
Sebestyen I, Moretto A. Cumulative risk assessment of 
pesticide residues in food. Toxicol Lett 2008;180:137-50.

11.	 Weisenburger DD. Human health effects of agrichemical 
use. Hum Pathol 1993;24:571-6.

12.	 Blair A, Zahm SH. Agricultural exposures and cancer. 
Environ Health Perspect 1995;103 Suppl 8:205-8.

13.	 Ritter L. Report of a panel on the relationship between 
public exposure to pesticides and cancer. Ad Hoc Panel 
on Pesticides and Cancer. National Cancer Institute of 
Canada. Cancer 1997;80:2019-33.

14.	 Parrón T, Hernández AF, Pla A, Villanueva E. Clinical 
and biochemical changes in greenhouse sprayers 
chronically exposed to pesticides. Hum Exp Toxicol 
1996;15:957-63.

15.	 Ojajärvi IA, Partanen TJ, Ahlbom A, Boffetta P, 
Hakulinen T, Jourenkova N, et al. Occupational 
exposures and pancreatic cancer: A meta-analysis. 
Occup Environ Med 2000;57:316-24.

16.	 Ritz B, Yu F. Parkinson’s disease mortality and pesticide 
exposure in California 1984-1994. Int J Epidemiol 
2000;29:323-9.

17.	 Petrelli G, Figà-Talamanca I. Reduction in fertility in 
male greenhouse workers exposed to pesticides. Eur J 
Epidemiol 2001;17:675-7.

18.	 Pérez-Herrera N, Polanco-Minaya H, 
Salazar-Arredondo E, Solís-Heredia MJ, 
Hernández-Ochoa I, Rojas-García E, et al. PON1Q192R 
genetic polymorphism modifies organophosphorous 
pesticide effects on semen quality and DNA integrity 
in agricultural workers from Southern Mexico. Toxicol 
Appl Pharmacol 2008;230:261-8.

19.	 Gangemi S, Miozzi E, Teodoro M, Briguglio G, 
De Luca A, Alibrando C, et al. Occupational exposure to 
pesticides as a possible risk factor for the development 
of chronic diseases in humans (review). Mol Med Rep 
2016;14:4475-88.

20.	 García-García CR, Parrón T, Requena M, Alarcón R, 

Tsatsakis AM, Hernández AF. Occupational pesticide 
exposure and adverse health effects at the clinical, 
hematological and biochemical level. Life Sci 
2016;145:274-83.

21.	 Hernández AF, Amparo Gómez M, Pérez V, 
García-Lario JV, Pena G, Gil F, et al. Influence of 
exposure to pesticides on serum components and enzyme 
activities of cytotoxicity among intensive agriculture 
farmers. Environ Res 2006;102:70-6.

22.	 Remor AP, Totti CC, Moreira DA, Dutra GP, Heuser VD, 
Boeira JM. Occupational exposure of farm workers to 
pesticides: Biochemical parameters and evaluation of 
genotoxicity. Environ Int 2009;35:273-8.

23.	 Rojas-García AE, Medina-Díaz IM, Robledo-Marenco 
Mde L, Barrón-Vivanco BS, Girón-Pérez MI, Velázquez-
Fernández JB, et al. Hematological, biochemical effects, 
and self-reported symptoms in pesticide retailers. 
J Occup Environ Med 2011;53:517-21.

24.	 Young DS, Bermes EW. Specimen collection and 
processing: Sources of biological variation. In: Burtis 
CA, Ashwood AR, editors. Tietz Textbook of Clinical 
Chemistry. 3rd ed. Philadelphia, PA: Saunders; 1999. 
p. 42-72.

25.	 Horowitz GL. Reference intervals: Practical aspects. 
EJIFCC 2008;19:95-105.

26.	 American Diabetes Association. Standards of 
medical care in diabetes--2007. Diabetes Care 
2007;30 Suppl 1:S4-41.

27.	 Wintrobe MM, Lee Gr, Boggs DR, Bithell TC, Foerster J, 
Athens JW, et al. Wintrobe’s Clinical Hematology. 9th ed. 
Philadelphia, PA: Lee & Febeiger; 1993.

28.	 Worek F, Mast U, Kiderlen D, Diepold C, Eyer P. 
Improved determination of acetylcholinesterase activity 
in human whole blood. Clin Chim Acta 1999;288:73-90.

29.	 Kunutsor SK, Apekey TA, Khan H. Liver enzymes and 
risk of cardiovascular disease in the general population: 
A meta-analysis of prospective cohort studies. 
Atherosclerosis 2014;236:7-17.

30.	 Acker CI, Nogueira CW. Chlorpyrifos acute exposure 
induces hyperglycemia and hyperlipidemia in rats. 
Chemosphere 2012;89:602-8.

31.	 Elsharkawy EE, Yahia D, El-Nisr NA. Sub-chronic 
exposure to chlorpyrifos induces hematological, 
metabolic disorders and oxidative stress in rat: 
Attenuation by glutathione. Environ Toxicol Pharmacol 
2013;35:218-27.

32.	 Gangemi S, Gofita E, Costa C, Teodoro M, Briguglio G, 
Nikitovic D, et al. Occupational and environmental 
exposure to pesticides and cytokine pathways in chronic 
diseases (review). Int J Mol Med 2016;38:1012-20.

33.	 Raafat N, Abass MA, Salem HM. Malathion exposure 
and insulin resistance among a group of farmers in 
Al-Sharkia governorate. Clin Biochem 2012;45:1591-5.

34.	 Yurumez Y, Cemek M, Yavuz Y, Birdane YO, 
Buyukokuroglu ME. Beneficial effect of 
N-acetylcysteine against organophosphate toxicity in 
mice. Biol Pharm Bull 2007;30:490-4.



Sudjaroen and Suwannahong: Biochemical, haematological parameters and pesticide expose related symptoms in organic farmers

Asian Journal of Pharmaceutics • Jan-Mar 2017 (Suppl) • 11 (1) | S241

35.	 Hariri AT, Moallem SA, Mahmoudi M, Memar B, 
Hosseinzadeh H. Sub-acute effects of diazinon on 
biochemical indices and specific biomarkers in rats: 
Protective effects of crocin and safranal. Food Chem 
Toxicol 2010;48:2803-8.

36.	 Zou C, Shao J. Role of adipocytokines in obesity-
associated insulin resistance. J Nutr Biochem 
2008;19:277-86.

37.	 Patil JA, Patil AJ, Sontakke AV, Govindwar SP. Effect 

of methomyl on hepatic mixed function oxidases in rats. 
Indian J Pharmacol 2008;40:158-63.

38.	 Patil JA, Patil AJ, Sontakke AV, Govindwar SP. 
Occupational pesticides exposure of sprayers of grape 
gardens in Western Maharashtra (India): Effects on liver 
and kidney function. J Basic Clin Physiol Pharmacol 
2009;20:335-55.

Source of Support: Nil. Conflict of Interest: None declared.


