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ABSTRACT 

Objective: This study was designed to investigate the impact of 
linseed consumption on blood pressure and laboratory tests in healthy 
individuals who do and do not exercise regularly.  
Material and Method: This study included 15 male subjects and 15 
female subjects between 25 and 45 years of age without any clinical 
complaints and manifestations, who have been exercising regularly 
for at least a year. Age-matched individuals who had not been 
exercising regularly were included as the control group. Subjects 
orally received 20 grams of freshly ground linseed daily on an empty 
stomach in the morning, 30 minutes before the breakfast for 12 
weeks. Blood samples were drawn into biochemistry and hemogram 
tubes at the start and end of the trial. The following parameters were 
investigated on these samples: glucose, urea, creatine, cholesterol, 
triglyceride, high density lipoprotein (HDL), aspartate 
aminotransferase (AST), alanine aminotranferase (ALT), Gamma-
glutamyl transpeptidase (GGT), Alkaline phosphatase (ALP), 
creatine kinase (CK), creatine kinase MB (CK-MB), lactate 
dehydrogenase (LDH), uric acid, calcium (Ca), iron (Fe) and 
haemogram. The cases were also monitored for blood pressure and 
body weight.  
Results: Changes in ALP, CK, Ca, Fe, red blood cell (RBC) and 
weight were significant of males who did not exercise (p<0.05, 
p<0.01). The males who exercised regularly exhibited significant 
changes in urea, cholesterol, triglyceride, HDL, AST, ALT, LDH, Fe, 
haemoglobin (HGB), haematocrit (HCT), mean corpuscular 
hemoglobin concentration (MCHC), platelet distrubition width 
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(PDV) and weight (p<0.05, p<0.01). Females who did not exercise 
had significant changes in glucose, HDL, ALP, CK, CK-MB and 
uric acid, RBC and HCT (p<0.01). Females who exercised 
regularly exhibited significant changes in glucose, cholesterol, 
triglyceride, HDL, AST, ALP, CK, LDH, Ca, Fe, RBC, HGB, 
lymphocyte (LYM) and diastolic blood pressure (p<0.05, p<0.01).  
Conclusion: Regular exercise and linseed consumption have a 
favorable impact on the lipid metabolism and regulate blood 
pressure. The absence of elevations in the hepatic and renal 
enzymes suggests that linseed is not toxic for the organism. The 
fact that some of the biochemical and hematologic parameters are 
in line with data reported in the literature while some exhibit 
differences relative to the data underlines the necessity of 
supporting these results on exercise combined with linseed 
consumption with future trials.  

Keywords: Exercise, Linseed, Blood pressure, Laboratory 
parameters. 

 

INTRODUCTION 

The term “health behaviour” is 
generally used to describe individuals’ 
attitudes towards protecting their health and 
how they react when they have healthcare 
issues. People exhibit certain behaviors in 
protecting their health, which result from 
various personal and social factors. Those 
who exhibit all or some of these health-
protecting behaviors were detected to be 
healthier than those who do not1. Adopting 
habits that increase quality of life and 
regular exercise are important for staying 
healthy as age increases. Trials have 
demonstrated the favorable effects of 
exercise on the human organism2,3. In a 
study performed on females between 15 and 
21 years of age, the results revealed that 
good health could be maintained by a 
healthy diet, exercise and by avoiding 
behavior that is harmful for the body4.  

Exercise has gained significance in 
daily life due to factors including developing 
economic conditions, industrialization, 
intense urbanization, increased free time, 

and individual health-related concerns. In 
addition to the exercise done for 
performance purposes, exercise done for a 
healthy life, in other words for increasing 
the quality of life, is becoming increasingly 
popular5.  

Regular exercise eliminates a 
significant portion of the risk factors 
involved in the development of coronary 
artery disease (CAD)6. Regular exercise 
decreases the risk of CAD events by 
inducing an increase in fibrinolysis, a 
reduction in the predisposition to thrombosis 
and improvements in endothelial functions. 
Regular exercise also has favorable effects 
on the structure of the blood, blood pressure, 
blood lipid and protein levels, and cardiac-
respiratory concordance as well as the 
effects on cardiovascular diseases7.  

People seek solutions when they 
have health issues. This solution seeking 
involves different methods ranging from 
modern to conventional medicine. 
Regarding the protection of health and the 
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solution of the healthcare issues, consulting 
methods other than modern medicine is 
increasing recently in the developed 
countries8,9. These methods are generally 
referred to as complementary or alternative 
medicine. One such remedy is linseed10.  

Linum (Linum usitatissimum) is a 
one-year cultivated plant of 30-100 cm 
length with blue flowers used for various 
purposes, which has been planted since the 
ancient Egyptian times. The seeds are of 4 to 
6-mm length, egg-shaped, flat, bright, dark 
reddish, odorless, oily and tasty11. Linseed 
flour and oil has been used as food in Asia, 
Europe and Africa for centuries. Linseed 
contains three major components that are 
significant for human nutrition. These 
include alpha linoleic acid (omega-3 fatty 
acid), and highly soluble and insoluble 
fibers and plant lignans (plant estrogen)12. 
Linseed also contains soluble 
polysaccharides, proteins, vitamins (vitamin 
A, E, C and B12) and minerals (a high level 
of K, low levels of Mg, Fe, Cu and Zn)13,14.  

Studies on linseed report that regular 
consumption of linseed results in a 
decreased risk a coronary heart disease due 
to the regular intake of alpha linoleic acid 
(ALA); potentially prevents vascular 
coagulation leading to heart attack or 
thrombosis, and the development of 
atherosclerosis; potentially indicates 
favorable effects in inflammatory and 
autoimmune diseases15,16,17; and it can 
prevent cancer owing to its lignan and 
vitamin E components with anti-cancer and 
antioxidant characteristics18.  

As with every plant, an unbalanced 
intake of linseed may lead to undesirable 
effects. FDA (Food and Drug 
Administration) allows linseed content of up 
to 12% in foods19. The potential adverse 
effect of the nutritional components in 
linseed is related to the high amount of 
multiple unsaturated fatty acids. The large 
number of double bonds renders these fatty 

acids suitable for oxidation and free fatty 
acid formation. Therefore, a high amount of 
linseed taken over the long-term through 
diet increases oxidative stress and 
potentially reduces antioxidant compounds. 
In trials, mice fed on a diet containing 20% 
linseed were observed to have a reduced 
plasma and liver vitamin E content20. Trials 
report that the phytic acid present in the 
linseed binds to positively-charged minerals, 
such as zinc and calcium, leading to a 
deficiency of these minerals and the 
affecting of bone development21; linatine, an 
anti-nutritional compound, known to bind to 
vitamin B6 could lead to B6 vitamin 
deficiency and thus an increase in 
homocysteine and renal deficiency; 
consumption of a high amount of uncooked 
linseed could also lead to the production of 
cyanogenic glycosides (HCN), which are 
potentially toxic for the body19,21.  

Based on literature screening, we 
conclude that regular exercise and 
appropriate doses of linseed have favorable 
effects on the organism. This trial was 
designed to investigate the effects of linseed, 
a plant commonly used by the public, on 
certain blood parameters in healthy 
individuals who do and do not exercise 
regularly.  
 

MATERIAS AND METHOD 

This trial included 15 male subjects 
and 15 female subjects between 25 and 45 
years of age without any clinical complaints 
or manifestations, who have been exercising 
regularly (at a commercial gym) for at least a 
year (1 hour, 3 days per week). Age-matched 
individuals who have not been exercising 
regularly were included as the control group. 
Subjects orally received 20 grams of freshly 
ground linseed daily on an empty stomach in 
the morning, 30 minutes before the breakfast 
for 12 weeks. Blood samples were drawn at 
the start and end of the trial. The following 
biochemical and hematological parameters 
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were investigated on these samples, 
respectively: glucose, urea, creatine, 
cholesterol, triglyceride, HDL, AST, ALT, 
GGT, ALP, CK, CK-MB, LDH, uric acid, Ca, 
Fe, iron binding capacity; and white blood 
cell (WBC), RBC, HGB, HCT, mean 
corpuscular volume (MCV), MCHC, PDV, 
platelet (PLT), LYM, neutrophil, red cell 
distribution width (RDW), mean platelet 
volume (MPV); blood pressure and weight 
changes were also assessed.  

 
Statistical Analysis 

Statistical analyses were performed by 
using the MINITAB software. For the 
analyses, first the descriptive statistics of the 
investigated variables were calculated. 
Subsequently, the pre-procedure and post-
procedure values for the investigated 
parameters both for males and females were 
subject to the paired t-test.  
 
RESULTS 

The trial was conducted in a total of 
four groups, each containing 15 individuals to 
give a total subject number of 60. The 
descriptive statistical results for certain 
biochemical parameters, hematological 
parameters and blood pressure and weight 
changes obtained in healthy males who do not 
exercise regularly are presented in Tables 1, 2 
and 3, respectively; the same parameters 
obtained in males who exercise regularly are 
presented in Tables 4, 5 and 6; the results for 
healthy females who do not exercise regularly 
are presented in Tables 7, 8 and 9 while the 
results for females who exercise regularly are 
given in Tables 10, 11 and 12. In addition, the 
descriptive statistics for the age variability 
between males and females are presented in 
Table 13.  

Males using linseed without regular 
exercise exhibited no significant changes 
from day 0 to week 12 in the biochemical 
parameters of blood glucose, urea, creatine, 
cholesterol, triglyceride, HDL cholesterol, 

ALT, AST, GGT, CK-MB, LDH and uric 
acid levels (p>0.05) while the changes in 
ALP, CK, Ca and Fe were statistically 
significant (p<0.01, p≤0.05, (p<0.01, p<0.01, 
respectively). While there was no significant 
change in the hematological parameters of 
white blood cell (WBC), HGB, HCT, MCV, 
MCHC, PDV, PLT, LYM, neutrophil, RDW-
SD, RDW-CV and MPW (p>0.05), the 
change in the RBC level was significant 
(p<0.05). The change in weight from day 0 to 
day 90 was significant (p<0.01) while the 
change in the diastolic blood pressure was not 
(p>0.05). Males using linseed with regular 
exercise exhibited no significant changes 
from day 0 to week 12 in the biochemical 
parameters of blood glucose, creatine, ALP, 
CK, CK-MB, uric acid and Ca levels 
(p>0.05). The changes in Urea (p≤0.05), 
cholesterol (p<0.01), triglyceride (p<0.01), 
HDL (p<0.01), AST (p≤0.01), ALT (p<0.01), 
LDH (p≤0.05) and Fe (p≤0.01) were 
statistically significant. While the 
hematological parameters of WBC, RBC, 
MCV, PLT, LYM, neutrophil, RDW-SD, 
RDW-CV and MPV exhibited no significant 
change (p>0.05), the changes in HGB 
(p<0.05), HCT (p≤0.01), MCHC (p<0.05), 
PDV (p<0.05) were significant. The change 
in body weight from Day 0 to week 12 was 
significant (p<0.01) while the changes in the 
systolic and diastolic blood pressure were not 
(p>0.05). The healthy females using linseed 
without regular exercise exhibited no 
significant changes from day 0 to week 12 in 
the biochemical parameters of blood urea, 
creatine, cholesterol, triglyceride, ALT, AST, 
GGT, LDH, Ca and Fe levels (p>0.05). The 
changes in glucose (p<0.01), HDL (p<0.05), 
ALP (p≤0.01), CK (p<0.01), CK-MB 
(p<0.01) and uric acid (p<0.05) were 
statistically significant. While there were no 
significant changes in the hematological 
parameters of WBC, HGB, MCV, MCHC, 
PDV, PLT, LYM, neutrophil, RDW-SD, 
RDW-CV and MPV levels (p>0.05), the 
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changes in RBC (p<0.05) and HCT (p<0.05) 
were significant. The change in weight and 
blood pressure from Day 0 to week 12 was 
not significant (p>0.05). The females using 
linseed with regular exercise exhibited no 
significant changes from day 0 to week 12 in 
the biochemical parameters of blood urea, 
creatine, ALT, GGT, CK-MB and uric acid 
levels (p>0.05).The changes in glucose 
(p≤0.01), cholesterol (p<0.01), triglyceride 
(p<0.01), HDL (p<0.01), AST (p<0.05), ALP 
(p≤0.01), CK(p≤0.01), LDH (p<0.01), Ca 
(p<0.05) and Fe (p<0.01) were statistically 
significant. While there was no significant 
change in the hematological parameters of 
WBC, HCT, MCV, MCHC, PDV, PLT, 
neutrophil, RDW-SD, RDW-CV and MPV 
(p>0.05), the change in RBC (p<0.01), HGB 
(p<0.05) and LYM (p<0.05) was significant. 
The change in weight and systolic blood 
pressure from day 0 to week 12 was not 
statistically significant (p>0.05), while the 
change in diastolic blood pressure was 
significant (p<0.05). The age difference 
between males and females who do and do 
not exercise was not statistically significant 
(p>0.05). 
 
DISCUSSION AND CONCLUSION  

This trial investigated the effects of 
linseed on blood pressure, serum lipids, the 
hematopoietic system, and liver and kidney 
tests in males and females who do and do not 
exercise. In general, trials report the favorable 
effects of regular exercise on peripheral blood 
cells (erythrocytes, leukocytes, platelets)22,23. 
In addition to its favorable impact on the 
functions of the body, the unfavorable effects 
of acute exercise on blood circulation were 
also demonstrated to be characterized by an 
increase in post-exercise hematocrit value, 
blood flow rate, plasma viscosity and 
erythrocyte rigidity and reduction in 
sedimentation24. Additionally, various trials 
report the favorable impact of exercise 
training on the lipid and carbohydrate 

metabolism, mild reductions in body weight, 
fat stores, total cholesterol and serum 
triglycerides and LDL cholesterol and 
increases in antiatherogenic HDL cholesterol 
provided by exercise, and that these 
improvements could lead to significant effects 
on cardiovascular risk25,26. Thus, exercise is 
beneficial if it is continued for a long period 
of time27.  

Recently, the increasing will to reduce 
the risk of disease and live a healthy life, and 
the improved consciousness of healthy 
nutrition increasingly lead to a tendency to 
use herbal products. Health authorities 
recommend diets rich in cereals, fresh 
vegetables and fruits containing a reduced 
amount of animal meat and fats. Evaluating 
linseed in this respect, it is rich in α-linolenic 
acid and high-quality protein and also 
contains phytochemicals, such as flavonoids, 
lignans and phenolic acids11,28. In the trial by 
Bieranbaum et al29, 15 hyperglycemic 
patients received 15 grams of linseed and 800 
IU/g vitamin E daily for three months and 
exhibited a significant reduction in serum 
total cholesterol, LDL cholesterol and serum 
lipid oxidation products while HDL 
cholesterol did not change at all.  

The results from the trial performed 
by Harper et al30 on 56 subjects, of which 31 
received linseed capsules and the remaining 
25 received placebo capsules containing olive 
oil, demonstrated a 25% increase in the 
plasma values of docosapentaenoic acid 
(DPA), a cardioprotective fatty acid, in the 
linseed group, while the olive oil group 
showed no changes.  

In a trial by Stuglin and Prasad31, 
males between 22 and 27 years of age were 
administered 32grams of linseed daily for 
four weeks to investigate whether long-term 
use of linseed could be harmful to these 
individuals and to observe the changes it 
could potentially induce in blood pressure, 
and biochemical and hematological 
parameters. The results from this trial 
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demonstrated no harmful effects of long-term 
linseed use on the liver, kidneys and 
hematopoietic system and that linseed did not 
change the levels of blood pressure, serum 
lipids, hemoglobin level, red and white blood 
cells, neutrophil levels, serum totals 
cholesterol, HDL-C, LDL-C and VLDL C, 
serum total bilirubin, AST, ALP, protein, 
albumin, glucose and urea; however, it 
increased serum triglyceride levels and 
decreased serum creatine levels. Bhathena et 
al32 reported that linseed decreased blood 
cholesterol, triglyceride, uric acid and BUN 
levels while Lemay et al33 reported that 
linseed decreased blood glucose levels.  

While there was no significant change 
in the blood glucose level in males who do 
and do not exercise (p>0.05), females who do 
(p≤0.01) and do not exercise (p<0.01) exhibit 
a significant reduction in blood glucose level 
(p<0.01) at the end of 12 weeks. The glucose 
levels obtained in males are in line with the 
results from Stuglin and Prasad31 and the 
glucose levels obtained in females are in line 
with the results from Lemay et al33.  

The differences in results between the 
two genders may result from a metabolism 
difference between males and females or a 
change in the dietary regimen.  

While a significant reduction was 
observed in the blood urea levels after 12 
weeks in males who exercise regularly 
(p≤0.05), no such significant change was 
detected in females who exercise regularly 
(p>0.05). Among males and females who do 
not exercise regularly, there was no 
significant change in the results between day 
0 and week 12.  

Creatinine plays a significant role in 
the creatine-phosphate type muscle 
contraction34. Serum creatinine level increases 
in patients with renal failure and renal arterial 
stenosis35. Among males and females who do 
and do not exercise, there was no significant 
change in blood creatine levels in the 12-
week period (p>0.05). These results support 

the idea that linseed has no unfavorable 
effects on the kidney in individuals using 
linseed. Cholesterol both includes the free 
cholesterol and the cholesterol esters. The 
measurement of the two is expressed as the 
total cholesterol35. HDL cholesterol is 
synthesized both in the liver and the 
intestines; its main function involves transport 
of cholesterol from the tissues to the liver. 
This process is called the reverse cholesterol 
transport. There is a reverse correlation 
between the development of coronary cardiac 
diseases and HDL36. While significant 
reductions are detected in the blood 
cholesterol level in males and females who 
exercised (p<0.01), the change in males and 
females who did not exercise was not 
statistically significant (p>0.05). While the 
HDL cholesterol level (p<0.01) increased 
significantly in females who did not exercise 
(p<0.05), the increase in males who did not 
exercise was not significant (p>0.05). In 
particular, the increase in HDL cholesterol in 
all the groups suggests the favorable effect of 
linseed.  

While the blood triglyceride level 
showed a significant decrease in males and 
females who exercised in this trial (p<0.01), 
the changes in males and females who did not 
exercise was not statistically significant 
(p>0.05). These results suggest that the 
reduction in the blood triglyceride level may 
result from the exercise rather than the 
linseed; whereas, Stuglin and Prasad31 
suggested that the linseed increased the 
triglyceride level while Bhathena et al32 
reported a reduction in triglyceride induced 
by the linseed. Therefore, given these results 
on the triglyceride levels, future trials are 
required on exercise and linseed.  

Serum ALT and AST levels, which 
represent the most commonly used tests in the 
diagnosis of liver diseases, are elevated before 
the onset of clinical manifestations. Serum 
GGT levels are investigated for assessing 
obstructive liver diseases35. In all liver 
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diseases involving hepatic cell damage, 
transaminase levels exhibit an increase. While 
AST (SGOT) is present both in mitochondria 
and cytoplasm, ALT (SGPT) is only present 
in the cytoplasm. In mild cellular damage, 
ALT levels are increased more relative to 
AST levels. As for cases involving cellular 
damage and necrosis, the AST increase is 
higher36. The increase in ALP activity may be 
the natural result of biliary damage, liver 
damage, steroids and some other drugs, 
diffuse bone diseases, certain neoplasias or 
endocrine diseases. The importance of a low 
activity of these enzymes is not known37. In 
this trial, there were significant reductions in 
the ALT and AST enzyme activities from day 
0 to week 12 (p<0.001 and p≤0.01, 
respectively) in exercising males, while the 
non-exercising males exhibited insignificant 
changes in enzyme activity (p>0.05). GGT 
levels showed statistically insignificant 
changes in exercising and non-exercising 
males. While the ALT and GGT activity 
changes were statistically insignificant in 
exercising and non-exercising females 
(p>0.05), the mild increases in the AST 
activity observed in exercising females were 
statistically significant (p<0.05) and 
insignificant in non-exercising females 
(p>0.05). Mert37 reported that a mild 
reduction in these enzyme levels is not 
important. While there was no statistical 
significance in the ALP enzyme levels in 
exercising males (p>0.05), the non-exercising 
males exhibited significant reductions 
(p<0.01).  

The exercising and non-exercising 
females exhibited statistically significant 
elevations in ALP activity (p≤0.01). 
Particularly, the increase in ALP observed 
both in exercising and non-exercising females 
is of interest and needs to be further 
elucidated by future trials. CK has three 
isoenzymes in the skeletal muscle, cardiac 
muscle and the brain. CK and CK-MB, 
representing clinical significance upon 

increase, are commonly used in diagnosing 
skeletal muscle disorders and myocardial 
infarction (MI)36,38. While the change in CK 
levels was insignificant in exercising males 
(p>0.05), it was significantly high in non-
exercising males (≤0.05). 

The exercising and non-exercising 
females exhibited significant increases in the 
CK level (p≤0.01 and p<0.01, respectively). 
While there were no statistically significant 
changes in the CK-MB level in exercising and 
non-exercising males and exercising females 
(p>0.05), the non-exercising females had 
significant reductions (p<0.01). Adam38 
reported similar elevations in CK and CK-
MB in case of MI. Particularly, the increase in 
CK with the decrease in CK-MB observed in 
non-exercising females seems to be 
contradictory. Future trials are required to 
elucidate this. LDH involves five enzymes, 
which are present in various body tissues, and 
particularly in the skeletal muscle, cardiac 
muscle, liver, erythrocyte, kidneys, pancreas, 
bones and the lungs. Elevations may occur in 
the disorders of the skeletal muscle, cardiac 
muscle and the liver. The total LDH level is 
sensitive but not specific37,38. In this trial, 
while the increase in the LDH level was 
significant in exercising males (p≤0.05), it 
was not in non-exercising males (p>0.05). 
The non-exercising females exhibited an 
insignificant change in LDH (p>0.05) while 
the exercising females had significantly low 
levels (p<0.01).  

In this trial, statistically insignificant 
changes were observed in serum uric acid 
levels in exercising and non-exercising males 
(p>0.05). While exercising females exhibited 
statistically insignificant uric acid changes 
(p>0.05), non-exercising females (p<0.05) 
showed significant changes.  

The change in Ca level was 
statistically insignificant in exercising males 
and non-exercising females (p>0.05). In non-
exercising males and exercising females, Ca 
levels showed significant changes at the end 
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of 12 weeks (p<0.01 and p<0.05, 
respectively). While there were significant 
reductions in the Fe level in exercising males 
(p≤0.01), non-exercising males (p<0.01) and 
exercising females (p<0.01), non-exercising 
females exhibited no statistically significant 
changes (p>0.05).  

Depending on the type, intensity and 
duration of the exercise, there may be 
variability in the hematological parameters. 
The hematological parameters may show 
variability during and after exercise due to the 
training status of the individual, the gender, 
age, environmental factors and nutrition. Due 
to long term exercise, sportsmen exhibit 
hematological changes39. There are many 
trials investigating the effects of exercise on 
hematological parameters. In fact, as the 
blood parameters affect the type and intensity 
of the exercise, the exercise also affects the 
blood parameters and is of significance with 
respect to various blood pathologies40.  

Prasad41 reported the following in 
relation to his investigation on the effects of 
chronic administration of lignan complex 
isolated from linseed on the hematopoietic 
system of rabbits: lignan complex 
administered at a dose of 40 mg/kg daily for 
two months resulted in no change in blood 
MCV, RDW, Hct, Hb, MCH, MCHC, and 
platelet volume values, and thus lignan 
compounds have no adverse effects on the 
hematopoietic system. In the trials 
investigating the effect of exercise on the 
WBC values, Yeh et al42 and Banfi et al43 
reported no difference between the pre-
exercise and post-exercise WBC values. In 
the trial, the results revealed no statistically 
significant change in WBC levels due to 
linseed consumption in exercising and non-
exercising males and females (p>0.05). The 
results are in line with the literature 
data34,42,43. These results suggest that the 
linseed does not affect WBC levels.  

In sportsmen on an intense exercise 
program, Hb and Hct values are reduced 

characteristically, a condition considered as 
sportsman anemia44. In particular, a mild 
reduction in blood volume is observed during 
exercises as a result of dehydration. Blood 
volume may change during conditions where 
dehydration is high. In this trial, the increases 
in HGB were significant in exercising males 
and females (p<0.05) while they were 
insignificant in the other two groups (p>0.05). 
While the increases in HCT levels were 
statistically significant in exercising males 
and non-exercising females (p<0.05), the 
other two groups exhibited no statistical 
significance (p>0.05). Our results are not in 
line with the literature data with respect to 
exercise. This difference may be attributed to 
the linseed administration.  

Trials report increases in the RBC 
levels during various degrees of exercise 
intensity45,46 and that sportsmen have higher 
RBC levels relative to sedentary individuals47. 
In this trial, RBC levels showed an increase in 
all the groups; the level of statistical 
significance was p<0.05 in non-exercising 
males and females and p<0.01 in exercising 
females.  

In a trial by Unal et al44, no significant 
change was reported in the PLT values after 
eight weeks of chronic aerobic exercise 
(p>0.05). Similarly, Büyükyazı et al48 
reported no significant change in the PLT 
levels in the sedentary subjects after chronic 
exercise (p>0.05). This trial detected no 
statistically significant change in blood PLT 
levels in exercising and non-exercising males 
and females using linseed (p>0.05). Our 
results are in line with the literature data44,48.  

In this trial, no statistically significant 
changes were observed in the neutrophil, 
RDW-SD, RDW-CV and MPV levels in 
exercising and non-exercising males and 
females (p>0.05). These results are in line 
with the results of Prasad40. While MCHC 
and PDV levels showed a significant change 
in exercising males (p<0.05), the other three 
groups exhibited no significance (p>0.05). 
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While LYM levels increased in all groups, the 
increase in exercising females was 
statistically significant (p<0.05).  

While there were statistically 
significant reductions in body weight from 
day 0 to week 12 in exercising and non-
exercising males using linseed (p<0.01), the 
change was not statistically significant in 
females (p>0.05).  

The exercising and non-exercising 
males and females using linseed exhibited no 
statistically significant change in systolic 
blood pressure from day 0 to week 12 
(p>0.05), while the diastolic blood pressure 
showed significant reductions in exercising 
females only (p>0.05). The difference 
between the age of the subjects was 
considered statistically insignificant for all 
groups (p>0.05).  

In conclusion, these results 
demonstrate that regular exercise and linseed 
consumption regulate blood pressure and 
affect lipid metabolism. The absence of any 
increases in liver and kidney enzymes 
suggests that linseed is not toxic for the 
organism. The fact that some of the 
biochemical and hematologic parameters are 
in line with data reported in the literature 
while some exhibit differences relative to the 
data underlines the necessity of supporting 
these results on exercise combined with 
linseed consumption with future trials. 
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Table 1. The change in certain biochemical parameters in non-exercising males 

Biochemical Parameters n 
0. Day 

Mean + St Dev 
12. Week 

Mean + St Dev 
P 

Glucose (mg/dl) 15 101.98 ± 23.01 91.67 ± 11.18 P>0.05 

Urea (mg/dl) 15 26.66 ± 8.66 26.13 ± 11.44 P>0.05 

Creatine (mg/dl) 15 0.952 ± 0.342 0.822 ± 0.192 P>0.05 

Cholesterol (mg/dl) 15 174.1 ± 44.0 191.1 ± 41.0 P>0.05 

Triglyceride (mg/dl) 15 159.9 ± 120.9 185.3 ± 98.1 P>0.05 

HDL (mg/dl) 15 44.79 ± 12.87 50.48 ± 9.46 P>0.05 

AST (U/L) 15 18.71 ± 10.07 23.54 ± 9.37 P>0.05 

ALT (U/L) 15 27.79 ± 10.96 27.53 ± 15.19 P>0.05 

GGT (U/L) 15 30.07 ± 29.72 17.37 ± 5.12 P>0.05 

ALP (U/L) 15 149.1± 17.0 106.4 ± 53.8 P<0.01 

CK (U/L) 15 108.9 ± 41.1 181.4 ± 108.5 P≤0.05 

CK-MB (U/L) 15 15.32 ± 3.04 18.07 ± 7.82 P>0.05 

LDH (U/L) 15 261.6 ± 47.5 297.6 ± 122.8 P>0.05 

Uric Acid (mg/dl) 15 3.721 ± 1.319 3.874 ± 2.725 P>0.05 

Ca (mg/dl) 15 8.630 ± 0.532 9.55 ± 1.01 P<0.01 

Fe (ug/dl) 15 83.00 ± 11.33 64.60 ± 17.22 P<0.01 

*Abbreviations for biochemical parameters: HDL (high density lipoprotein), AST (aspartate 
aminotransferase), ALT (alanine aminotranferase) GGT (gamma-glutamyl transpeptidase), ALP 
(alkaline phosphatase), CK (creatine kinase), CK-MB (creatine kinase MB), LDH (lactate 
dehydrogenase), Ca (calcium), Fe (iron). 
 
 
 
 

Table 2. The change in certain hematological parameters in non-exercising males 

Haematological parameters n 
0. Day 

Mean + St Dev 
12. Week 

Mean + St Dev 
P 

WBC (fL) 15 7.86 ± 0.86 7.92 ± 1.01 P>0.05 

RBC (million/mm3) 15 5.03 ± 0.46 5.39 ± 0.67 P<0.05 

HGB (gr/dl) 15 14.87 ± 1.22 14.83 ± 1.52 P>0.05 

HCT (%) 15 44.72 ± 3.18 45.00 ± 2.79 P>0.05 

MCV (µm3) 15 89.03 ± 4.23 89.76 ± 4.55 P>0.05 

MCHC (gr/dl) 15 33.90 ± 1.26 34.48 ± 1.48 P>0.05 

PDV (%) 15 14.22 ± 1.15 14.10 ± 1.55 P>0.05 

PLT (/mm3) 15 282.90 ± 30.33 277.10 ± 24.00 P>0.05 

LYM (/mm3) 15 28.86 ± 4.50 29.36 ± 4.67 P>0.05 

NEUTROPHIL (/mm3) 15 58.00 ± 21.71 63.54 ± 15.45 P>0.05 

RDW-SD (%) 15 47.17 ± 4.88 47.65 ± 5.40 P>0.05 

RDW-CV (%) 15 13.65 ± 0.92 14.14 ± 0.94 P>0.05 

MPV (fL) 15 9.08 ± 1.08 9.41 ± 0.78 P>0.05 
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*Abbreviations for haematological parameters: WBC (white blood cell), RBC (red blood cell), 
HGB (Haemoglobin), HCT (haematocrit), MCV (mean corpuscular volume), MCHC (mean 
corpuscular hemoglobin concentration), PDV (platelet distrubition width), PLT (platelet), LYM 
(lymphocyte),  RDW-SD (red cell distribution width –standard deviation), RDW-CV (red cell 
distribution width –cell volume), MPV (mean platelet volume). 
 
 
 

Table 3. The change in weight. systolic and diastolic blood pressure in non-exercising males 

 N 
0.Day 

Mean + St Dev 
12. Week 

Mean + St Dev 
P 

Weight  (kg) 15 79.07 ± 8.13 77.60 ± 7.44 P<0.01 

Systolic blood pressure 
(mmHg) 

15 118.00 ± 9.41 116.67 ± 9.00 P>0.05 

Diastolic blood 
pressure(mmHg) 

15 76.00 ± 8.28 72.67 ± 8.84 P>0.05 

 

 

Table 4. The change in certain biochemical parameters in exercising males 

Biochemical Parameters n 
O. Day 

(Exercising Before) 
Mean + St Dev 

12. Week 
(Exercising  After) 

Mean + St Dev 
P 

Glucose (mg/dl) 15 104.60 ± 12.28 101.93 ± 11.32 P>0.05 

Urea (mg/dl) 15 26.60 ± 8.67 24.40 ± 8.39 P≤0.05 

Creatine (mg/dl) 15 0.973 ± 0.349 1.080 ± 0.833 P>0.05 

Cholesterol (mg/dl) 15 208.7 ± 59.4 141.3 ± 54.3 P<0.01 

Triglyceride (mg/dl) 15 185.6 ± 45.5 140.6 ± 41.0 P<0.01 

HDL (mg/dl) 15 42.33 ± 6.97 48.60 ± 8.01 P<0.01 

AST (U/L) 15 31.47 ± 11.19 28.40 ± 9.13 P≤0.01 

ALT (U/L) 15 29.53 ± 11.08 18.07 ± 6.04 P<0.01 

GGT (U/L) 15 41.67 ± 21.45 36.67 ± 16.18 P>0.05 

ALP (U/L) 15 141.7 ± 65.7 120.4 ± 41.1 P>0.05 

CK (U/L) 15 97.87 ± 24.22 74.87 ± 30.38 P>0.05 

CK-MB (U/L) 15 18.00 ± 4.05 15.53 ± 4.39 P>0.05 

LDH (U/L) 15 190.2 ± 32.1 230.6 ± 73.8 P≤0.05 

Uric Acid (mg/dl) 15 4.093 ± 0.630 3.827 ± 0.775 P>0.05 

Ca (mg/dl) 15 9.293 ± 0.581 9.200 ± 0.510 P>0.05 

Fe (ug/dl) 15 91.13 ± 27.60 72.20 ± 25.80 P≤0.01 

*Abbreviations for biochemical parameters: HDL (high density lipoprotein), AST (aspartate 
aminotransferase), ALT (alanine aminotranferase) GGT (gamma-glutamyl transpeptidase), ALP 
(alkaline phosphatase), CK (creatine kinase), CK-MB (creatine kinase MB), LDH (lactate 
dehydrogenase), Ca (calcium), Fe (iron). 
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Table 5. The change in certain hematological parameters in exercising males 

Haematological parameters n 
O. Day 

(Exercising Before) 
Mean + St Dev 

12. Week 
(Exercising  After) 

Mean + St Dev 
P 

WBC (fL) 15 7.84 ± 1.07 7.99 ± 1.01 P>0.05 

RBC (million/mm3) 15 5.97 ± 0.96 6.28 ± 0.58 P>0.05 

HGB (gr/dl) 15 15.98 ± 1.11 16.43 ± 0.94 P<0.05 

HCT (%) 15 49.20 ± 4.98 51.80 ± 4.80 P≤0.01 

MCV (µm3) 15 87.16 ± 7.15 88.37 ± 6.67 P>0.05 

MCHC (gr/dl) 15 36.36 ± 2.91 37.42 ± 2.18 P<0.05 

PDV (%) 15 15.37 ± 1.81 15.91 ± 1.55 P<0.05 

PLT (/mm3) 15 278.4 ± 24.1 261.7 ± 55.1 P>0.05 

LYM (/mm3) 15 30.76 ± 5.13 31.51 ± 5.23 P>0.05 

NEUTROPHIL (/mm3) 15 67.21 ± 10.95 62.57 ± 24.06 P>0.05 

RDW-SD (%) 15 52.14 ± 7.81 52.65 ± 7.89 P>0.05 

RDW-CV (%) 15 13.71 ± 2.57 13.41 ± 2.44 P>0.05 

MPV (fL) 15 9.26 ± 1.76 9.65 ± 2.20 P>0.05 

*Abbreviations for haematological parameters: WBC (white blood cell), RBC (red blood cell), 
HGB (Haemoglobin), HCT (haematocrit), MCV (mean corpuscular volume), MCHC (mean 
corpuscular hemoglobin concentration), PDV (platelet distrubition width), PLT (platelet), LYM 
(lymphocyte),  RDW-SD (red cell distribution width–standard deviation), RDW-CV (red cell 
distribution width –cell volume), MPV (mean platelet volume). 

 

 

Table 6. The change in weight. systolic and diastolic blood pressure in exercising males 

 N 
O. Day 

(Exercising Before) 
Mean + St Dev 

12. Week 
(Exercising After) 

Mean + St Dev 
P 

Weight  (kg) 15 82.67 ± 7.83 78.67 ± 7.30 P<0.01 

Systolic blood pressure 
(mmHg) 

15 118.67 ± 7.43 119.33 ± 7.99 P>0.05 

Diastolic blood 
pressure(mmHg) 

15 77.33 ± 5.94 73.33 ± 9.76 P>0.05 
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Table 7. The change in certain biochemical parameters in non-exercising females 

Biochemical Parameters n 
0. Day 

Mean + St Dev 
12. Week 

Mean + St Dev 
P 

Glucose (mg/dl) 15 118.47 ± 13.65 99.53 ± 12.12 P<0.01 

Urea (mg/dl) 15 22.20 ± 7.36 22.40 ± 7.83 P>0.05 

Creatine (mg/dl) 15 0.983 ± 0.488 0.813 ± 0.333 P>0.05 

Cholesterol (mg/dl) 15 188.9 ± 62.4 179.7 ± 32.4 P>0.05 

Triglyceride (mg/dl) 15 220.4 ± 65.2 209.7 ± 71.7 P>0.05 

HDL (mg/dl) 15 38.93 ± 7.10 44.67 ± 9.45 P<0.05 

AST (U/L) 15 26.67 ± 11.40 28.60 ± 10.27 P>0.05 

ALT (U/L) 15 25.07 ± 7.67 28.33 ± 7.93 P>0.05 

GGT (U/L) 15 30.27 ± 13.67 29.13 ± 13.75 P>0.05 

ALP (U/L) 15 83.9 ± 41.5 128.3 ± 43.5 P≤0.01 

CK (U/L) 15 79.00 ± 22.68 130.67 ± 36.84 P<0.01 

CK-MB (U/L) 15 20.73 ± 5.27 14.87 ± 3.98 P<0.01 

LDH (U/L) 15 215.3 ± 49.1 201.1 ± 62.0 P>0.05 

Uric Acid (mg/dl) 15 3.353 ± 1.169 4.007 ± 0.551 P<0.05 

Ca (mg/dl) 15 8.713 ± 1.309 9.167 ± 0.370 P>0.05 

Fe (ug/dl) 15 86.53 ± 32.54 78.47 ± 30.82 P>0.05 

*Abbreviations for biochemical parameters: HDL (high density lipoprotein), AST (aspartate 
aminotransferase), ALT (alanine aminotranferase) GGT (gamma-glutamyl transpeptidase), ALP 
(alkaline phosphatase), CK (creatine kinase), CK-MB (creatine kinase MB), LDH (lactate 
dehydrogenase), Ca (calcium), Fe (iron). 

 

Table 8. The change in certain hematological parameters in non-exercising females 

Haematological parameters n 
O. Day 

Mean + St Dev 
12. Week 

Mean + St Dev 
P 

WBC (fL) 15 7.11 ± 1.23 6.68 ± 1.10 P>0.05 

RBC (million/mm3) 15 5.26 ± 0.43 5.54 ± 0.56 P<0.05 

HGB (gr/dl) 15 13.31 ± 1.94 13.60 ± 1.29 P>0.05 

HCT (%) 15 40.61 ± 3.46 41.87 ± 3.57 P<0.05 

MCV (µm3) 15 77.04 ± 12.61 77.73 ± 12.72 P>0.05 

MCHC (gr/dl) 15 314.9 ± 18.5 329.8 ± 38.5 P>0.05 

PDV (%) 15 17.06 ± 1.53 16.81 ± 1.27 P>0.05 

PLT (/mm3) 15 274.6 ± 88.0 287.7 ± 71.3 P>0.05 

LYM (/mm3) 15 32.97 ± 5.01 34.33 ± 7.00 P>0.05 

NEUTROPHIL (/mm3) 15 55.56 ± 8.08 56.13 ± 8.06 P>0.05 

RDW-SD (%) 15 39.83 ± 3.87 40.46 ± 3.57 P>0.05 

RDW-CV (%) 15 14.92 ± 2.11 15.42 ± 1.71 P>0.05 

MPV (fL) 15 9.53 ± 2.55 9.67 ± 2.32 P>0.05 

*Abbreviations for haematological parameters: WBC (white blood cell), RBC (red blood cell), 
HGB (Haemoglobin), HCT (haematocrit), MCV (mean corpuscular volume), MCHC (mean 
corpuscular hemoglobin concentration), PDV (platelet distrubition width), PLT (platelet), LYM 
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(lymphocyte),  RDW-SD (red cell distribution width –standard deviation), RDW-CV (red cell 
distribution width –cell volume), MPV (mean platelet volume). 

Table 9. The change in weight systolic and diastolic blood pressure in non-exercising females 

 n 
0.Day 

Mean + St Dev 
12. Week 

Mean + St Dev 
P 

Weight  (kg) 15 67.73 ± 6.04 68.00 ± 5.81 P>0.05 

Systolic blood pressure 
(mmHg) 

15 116.00 ± 11.83 116.00 ± 11.83 P>0.05 

Diastolic blood 
pressure(mmHg) 

15 68.67 ± 7.43 68.67 ± 8.34 P>0.05 

 

 

Table 10. The change in certain biochemical parameters in exercising females 

Biochemical Parameters n 
O. Day 

(Exercising Before) 
Mean + St Dev 

12. Week 
(Exercising After) 

Mean + St Dev 
P 

Glucose (mg/dl) 15 107.64 ± 13.40 102.21 ± 10.54 P≤0.01 

Urea (mg/dl) 15 19.07 ± 5.08 18.50 ± 4.59 P>0.05 

Creatine (mg/dl) 15 0.700 ± 0.262 0.891 ± *** P>0.05 

Cholesterol (mg/dl) 15 175.7 ± 23.3 135.1 ± 37.8 P<0.01 

Triglyceride (mg/dl) 15 184.2 ± 80.4 116.6 ± 31.2 P<0.01 

HDL (mg/dl) 15 47.43 ± 6.48 51.00 ± 4.99 P<0.01 

AST (U/L) 15 14.71 ± 2.67 17.86 ± 3.82 P<0.05 

ALT (U/L) 15 15.21 ± 2.39 15.71 ± 3.79 P>0.05 

GGT (U/L) 15 12.09 ± 2.71 11.64 ± 2.74 P>0.05 

ALP (U/L) 15 79.9 ± 14.2 120.1 ± 46.7 P≤0.01 

CK (U/L) 15 76.57 ± 6.85 101.07 ± 26.67 P≤0.01 

CK-MB (U/L) 15 14.1 ± 2.4 30.4 ± *** P>0.05 

LDH (U/L) 15 250.14 ± 22.86 179.36 ± 29.69 P<0.01 

Uric Acid (mg/dl) 15 3.37 ± 0.71 3.96 ± 0.70 P>0.05 

Ca (mg/dl) 15 8.87 ± 0.67 9.50 ± 0.72 P<0.05 

Fe (ug/dl) 15 116.71 ± 10.34 81.00 ± 27.19 P<0.01 

*Abbreviations for biochemical parameters: HDL (high density lipoprotein), AST (aspartate 
aminotransferase), ALT (alanine aminotranferase) GGT (gamma-glutamyl transpeptidase), ALP 
(alkaline phosphatase), CK (creatine kinase), CK-MB (creatine kinase MB), LDH (lactate 
dehydrogenase), Ca (calcium), Fe (iron). 
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Table 11. The change in certain hematological parameters in exercising females 

Haematological 
parameters 

n 
O. Day 

(Exercising Before) 
Mean + St Dev 

12. Week 
(Exercising After) 

Mean + St Dev 
P 

WBC (fL) 15 7.38 ± 1.10 7.08 ± 1.07 P>0.05 

RBC (million/mm3) 15 4.96 ± 0.66 5.83 ± 0.71 P<0.01 

HGB (gr/dl) 15 13.18 ± 1.61 14.02 ± 1.04 P<0.05 

HCT (%) 15 40.91 ± 2.64 41.52 ± 2.47 P>0.05 

MCV (µm3) 15 82.90 ± 7.95 84.00 ± 8.98 P>0.05 

MCHC (gr/dl) 15 34.15 ± 2.86 36.30 ± 3.65 P>0.05 

PDV (%) 15 16.82 ± 1.26 16.65 ± 1.26 P>0.05 

PLT (/mm3) 15 301.0 ± 64.1 307.2 ± 70.6 P>0.05 

LYM (/mm3) 15 34.94 ± 4.64 36.10 ± 5.09 P<0.05 

NEUTROPHIL (/mm3) 15 61.96 ± 14.90 65.43 ± 19.11 P>0.05 

RDW-SD (%) 15 66.32 ± 14.45 67.20 ± 16.34 P>0.05 

RDW-CV (%) 15 15.22 ± 2.83 15.42 ± 1.95 P>0.05 

MPV (fL) 15 8.94 ± 1.57 9.62 ± 2.11 P>0.05 

*Abbreviations for haematological parameters: WBC (white blood cell), RBC (red blood cell), 
HGB (Haemoglobin), HCT (haematocrit), MCV (mean corpuscular volume), MCHC (mean 
corpuscular hemoglobin concentration), PDV (platelet distrubition width), PLT (platelet), LYM 
(lymphocyte),  RDW-SD (red cell distribution width –standard deviation), RDW-CV (red cell 
distribution width –cell volume), MPV (mean platelet volume). 

 

 

Table 12. The change in weight systolic and diastolic blood pressure in exercising females 

 n 
O. Day 

(Exercising Before) 
Mean + St Dev 

12. Week 
(Exercising After) 

Mean + St Dev 
P 

Weight  (kg) 15 69.40 ± 7.28 65.33 ± 8.39 P>0.05 

Systolic blood pressure 
(mmHg) 

15 116.00 ± 11.83 117.33 ± 11.00 P>0.05 

Diastolic blood 
pressure(mmHg) 

15 70.67 ± 8.84 68.00 ± 6.76 P<0.05 

 

  

Table 13. The age difference in exercising and non-exercising males and females 

 n 
Exercising 

Mean + St Dev 
Non-Exercising 
Mean + St Dev 

P 

Males 15 32.00 ± 5.07 33.33 ± 5.46 P>0.05 

Females 15 33.93 ± 5.82 32.60 ± 4.73 P>0.05 
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