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Abstract:

The objective of this study was to investigate how muscle-related enzymes, i.e., creatine kinase
(CK) and lactate dehydrogenase (LDH), depend on various degrees of physical exercise
intensity in apparently healthy individuals. The study participants, 180 in number, between 20
and 50 years old, were selected from Kirkuk city and divided into three groups according to
their physical activity: sedentary, moderately active, and highly active. Blood was taken before
and 30 minutes after exercise in the active groups, and serum creatine kinase and lactate
dehydrogenase levels were determined. In addition, heart rate and blood lactate concentrations

were measured.

There was no significant difference between the two groups in terms of initial levels of CK and
LDH enzymes, i.e., (p > 0.05). However, after exercise, there was a significant increase in levels
of CK and LDH enzymes in moderate and high activity groups, i.e., (p < 0.001), with higher

levels of enzymes in highly active individuals.
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The increase in CK levels is related to muscle stress during exercise and is a result of temporary

changes in cell membrane permeability, and the increase in LDH levels relates to increased
demand during exercise. This combination of markers gives a picture of what happens in terms

of structure and metabolism in the muscles.

Keywords: Creatine Kinase (CK), Lactate Dehydrogenase (LDH), Muscle Enzymes, Muscle

Stress, Anaerobic Metabolism.
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1. Introduction:

Exercise is one of the pillars of human health, which aids in the maintenance of metabolic

homeostasis, heart performance, and skeletal health[1]. Exercise is characterized by repeated
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contracting and relaxation of skeletal muscles causing mechanical, metabolic and oxidative

stress to muscle fibres[2]. These stressors may cause temporary structural perturbation of the
muscle cells which causes the extraction of intracellular components into the blood[3].

The creatine kinase (CK) and lactate dehydrogenase (LDH) are some of the most frequently
studied biochemical markers of muscle stress and damage[4]. Creatine kinase is a mitochondrial
and cytosolic enzyme which catalyzes the reversible phosphate group exchange of phosphocreatine to
ADP [5]. Damage to muscle fibers is strongly associated with elevated serum CK levels following high-
intensity exercise [6]. Lactate dehydrogenase, nevertheless, is a significant enzyme related to
anaerobic metabolism[7]. It catalyzes the conversion of pyruvate and lactate to allow glycolysis
to take place in the anaerobic state[8]. High level of LDH indicates high metabolic demand and
cell membrane permeability changes during as well as after physical exercise[9].The increase
in CK and LDH with exercise is related to several factors including exercise intensity, length
and type of exercise (aerobic or anaerobic) and the fitness of the individual[10]. Intensive bouts
of vigorous exercise typically cause significant changes in these enzymes but long-term training
of the body to exercise leads to adaptation which restricts the amount of leakage of these
enzymes[11].

The response of CK and LDH to physical activity is important because it can be used to assess
muscle damage and recovery as well as to increase athletic performance and avoid
overtraining[ 12]. Furthermore, these biomarkers have clinical relevance in diagnosing muscle-
related pathologies and monitoring rehabilitation processes[13].

Thus, the current research will explore the changes in serum CK and LDH alongside various

exercise amounts of physical activity among seemingly healthy adults.
2. Materials and Methods
2.1 Study Design

This study was designed as an analytical cross-sectional study to assess the effect of physical

activity intensity on muscle enzyme levels and physiological parameters.
2.2 Study Population and Sampling Site

This study comprised 180 apparently healthy subjects between 20 and 50 years of age. The
subjects were selected from private clinics and diagnostic laboratories in Kirkuk city, where

routine health check-ups and investigations are carried out.
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Participants were recruited with the assistance of medical staff in these institutions, this

facilitated access to participants with different physical activity levels.

All the participants were informed of the purposes of the study and informed verbal consent

was obtained prior to inclusion.
The physical activity level was used to group the subjects into three groups:
e Group I (Sedentary): Individuals with minimal or no regular physical activity

e Group II (Moderately active): Individuals performing moderate exercise 3—4 times per

week

e Group II (Highly active): Individuals engaged in intense physical training or

competitive sports

2.3 2.3 Inclusion Criteria

The participants in this study were apparently healthy adults without a history of long-term
illnesses. Participants were not taking any medications that could interfere with muscle
metabolism., and all individuals were non-smokers to limit the possible confounding variables

that may impact the study results.
2.4 Exclusion Criteria

The participants were not allowed to include those whose history included cardiovascular or
metabolic diseases, recent infections or inflammatory diseases, or any injury of the muscles
during the previous two weeks. Also, the participants taking antioxidant supplements or
performance-enhancing drugs were not part of the study in order to eliminate possible

interference with the biochemical parameters under study.
2.5 Data Collection

Data from all participants were collected using a comprehensive and standardized method. All
the participants were given a structured questionnaire which contained data on age, lifestyle
habits, and degree of physical activity. Also, general body composition was measured through
anthropometric measurements, body mass index (BMI). Physical activity levels were assessed
using a standardized physical activity scoring system to be able to classify the participants in a

consistent and reliable way in terms of their activity status.

2.6 Exercise Protocol
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Participants in the moderate and high activity groups performed supervised treadmill-based

exercise sessions under standardized conditions.

Participants in the moderate activity group performed 30 minutes of moderate-intensity
jogging at 60-70% of maximal predicted heart rate.

Participants in the high activity group performed 45 minutes of high-intensity interval running
at 80-90% of maximal predicted heart rate.

Heart rate was continuously monitored throughout the exercise sessions to ensure consistency

of exercise intensity.
2.7 Blood Sample Collection

Blood samples (5 mL) were collected from participants under standardized conditions. All the
individuals were sampled at a rest position (baseline), and the other sample was done 30 minutes
after the exercise, in the case of the participants in the active groups. Biochemical analysis was
performed on the collected serum samples.; therefore, their samples were centrifuged at 3000

rpm, 10 minutes to separate the serum.
2.8 Biochemical Analysis

Biochemical analysis was performed to evaluate the levels of muscle-related enzymes. Creatine
kinase (CK) was measured using an enzymatic UV kinetic method, and the results were
expressed in units per liter (U/L)[14]. Lactate dehydrogenase (LDH) levels were determined

using a spectrophotometric method, with results also expressed in units per liter (U/L).
2.9 Blood Lactate Measurement

Blood lactate levels were measured using a portable lactate analyzer. Capillary blood samples
were obtained from the fingertip under aseptic conditions. Baseline samples were collected
prior to exercise, and post-exercise samples were obtained within 5 minutes after exercise

completion. Lactate concentrations were expressed in mmol/L.

2.10 Heart Rate Measurement

Measurement of the heart rate was conducted with the aid of a digital heart monitor. Resting
heart rates were recorded after a 10-minute resting period in a sitting position, while the post-
exercise heart rates were recorded immediately after the completion of the session of exercises.

All the values of the heart rates were recorded in beats per minute (bpm).
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2.11 Statistical Analysis

Results were presented as mean and standard deviation. One-way ANOVA followed by
Tukey’s post hoc analysis was used to compare study groups. In addition, Pearson correlation
analysis was performed to evaluate the relationships between CK, LDH, heart rate, and blood
lactate levels. Differences were considered statistically significant when the p-value is < 0.05.

The selected parameters were CK, LDH, heart rate, and blood lactate.
3. Results and Discussion
3.1 Participant Characteristics

One hundred and eighty apparently healthy adults were used in the study, with equal
representation on each of the three groups on the basis of their physical activity levels; low
activity (n = 60), moderate activity (n = 60), and high activity (n = 60). Table 1summarizes the

demographics and anthropometric measurements of the participants(Figure 1).

Table 1 summarizes the demographic and anthropometric measurements of the participants.

Parameter Low Activity (n=60) Moderate Activity (n=60) High Activity (n=60)
Age (years) 342+7.1 33.8+6.5 345+7.0

BMI (kg/m?) 26.1+£3.2 25.5+£29 24.8+2.7

Gender (M/F) 30/30 30/30 30/30

All values are expressed as mean + SD.

The three groups were found not to have statistically significant differences based on age,
gender distribution, or BMI (p > 0.05), which means that the comparability of the baseline was
high. This homogeneity is essential in achieving the internal validity of the study since it
reduces the possibilities whereby confounding variables may obstruct the sampled biochemical

results[15].

The age is a well-known issue that can impact muscle metabolism and the activity enzymes
because physiological aging could influence muscle mass, muscle repair, and exercise-related
enzymatic reactions[16]. On the same note, it goes without saying that BMI has a close
relationship with body composition and metabolic status, which can influence pre and post
exercise levels of muscle related enzymes like CK and LDH[17]. These parameters indicate the

lack of notable differences between groups, which implies that the differences in enzyme levels
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in the later part of the study could be attributed with greater certainty to the physical activity

difference than to demographic or anthropometric differences between groups[18].

Values

Moderate
Activity Level

Figure 1 : Participant Characteristics (Age and BMI)

Also, males and females are distributed equally on each group of study and this minimizes any
sex-based bias possible[19]. This is especially so because hormonal dissimilarity and muscle
mass variation between the sexes can result in their enzyme excretion after the physical
activity[20]. The study achieves a balance of gender and therefore, increases reliability and

generalizability of the results[21].

In general, the similarity of the baseline traits of the study groups gives strong grounds to further
analyses and the suggestion that the reasons of the observed biochemical differences are the

differences in physical activity levels and not extrinsic confounding factors[22].
3.2 Creatine Kinase (CK) Levels

The baseline levels of CK were found to be similarly low in all the groups (Low: 112.5 + 28.4
U/L, Moderate: 115.7 + 30.1 U/L, High: 118.9 £+ 31.2 U/L), indicating the absence of pre-
existing muscle damage, as shown in Table 2. CK levels increased significantly in the moderate
and high physical activity groups, as shown in Figure 2. The CK increase after exercise is an
indication of exercise stress on muscle and temporary elevations of membrane permeability,
but not structural damage[23]. The higher enzyme levels observed in the high activity group

compared with the low activity group
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, indicates the relationship between the intensity of exercise and the releasing of muscle

enzymes[24].This suggests that CK is a sensitive indicator of acute muscular activity [25][26].

Table 2. CK levels (U/L) in study groups.

Group Baseline CK (U/L) Post-Exercise CK (U/L)
Low Activity 112.5+28.4 =

Moderate Activity 115.7 +30.1 1523 +35.6

High Activity 118.9+31.2 198.6 £40.2

200 - Il Baseline CK (U/L)
[ Post-Exercise CK (U/L)
175 1
150 4
125 4
3
2
— 100 -
[#]

75 +

Low Activity Moderate Activity High Activity

Figure 2 : Effect of Physical Activity on CK Levels
3.3 Lactate Dehydrogenase (LDH) Levels

LDH levels were significantly elevated. Baseline values were similar in low (210.3 £45.2 U/L),
moderate (212.5 + 46.1 U/L) and high activity groups (215.7 = 47.0 U/L) which means that
there were no pre-existing metabolic or muscular abnormalities. After exercises, the moderate
(245.7 £50.4 U/L) and high activity group (290.8 = 55.6 U/L) LDH levels were significantly
elevate significantly elevated (Table 3, Figure ¥).

The observed increase in LDH reflects increased metabolic demand and anaerobic energy
turnover in the course of bodily exercises. The LDH is, however, to be taken as a non-specific

signifier of tissue metabolic activity as it can be found in many tissues[27].
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These results are in accordance with former studies. As an example,[28] have recorded high

rises of LDH after high-intensity exercise with an increase reaching its highest point hours after
an exercise with the extent of anaerobic metabolism. On the same note, [29] is also noting that
repeated bouts of intense exercise by athletes portrayed significant post-exercise rises in LDH,
showing that LDH activity is sensitive to the intensity of exercises plus the duration. These
studies substantiate the idea that LDH can be considered an effective biomarker of the metabolic

stress under the influence of physical exercise[30].

Compared to CK, which is mainly the evidence of membrane disruption of the muscle fibers,
the increase of LDH might also indicate the presence of more lactate processing and turnover
because of the increased usage of anaerobic pathways[31]. The simultaneous conditions of both
markers indicate that extensive activity does not only question the muscle structural integrity,

but also considerably raises the metabolic load[32].

Monitoring of LDH and CK is a more complete evaluation of muscular response to exercise,
clinically. Unlike CK elevations, which can be used to determine muscle stress or microtrauma,
LDH alterations could provide information about metabolic and energetic loads on tissues[33].
This complementary profiling may be especially applied in an athletic training and
rehabilitation context, where the knowledge of the structural and metabolic responses to

exercise can be used to develop personalized training intensity and recovery protocols[34].

Table 3. LDH levels (U/L) in study groups

Group Baseline LDH (U/L) Post-Exercise LDH (U/L)
Low Activity 2103 +£45.2 —

Moderate Activity 212.5+46.1 245.7+50.4

High Activity 215.7+47.0 290.8 + 55.6
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300 W Baseline LDH
B Post-exercise LDH

LDH (UL)

Low Activity Moderate Activity High Activity

Activity level

Figure 3 : Effect of Physical Activity on LDH Levels
3.4 Integrated Interpretation

One-way ANOVA showed that there were significant differences in post exercise CK and LDH
levels between high and low activity groups ( p < 0.001), and post hoc tukey tests showed the
high activity participants had significantly higher levels of enzymes than low and moderate
activity participants and moderate activity participants differed significantly with low activity
participants ( p <0.05).This shows that the amount of physical exercise performed has a direct
and quantitative effect on the enzymes in the muscle, with the intensity of the exercise being
proportional to the increase in the levels of the enzymes, CK, and LDH[35]. The similarity in
the baseline values shows that the conditions are the same in all the groups, and the differences
are only because of the physical activity [36]. Note that the levels of CK and LDH are normally
expected to peak 24-48 hours after the exercise, and the 30-minute test might not accurately
show the peak levels of the enzymes. The increased levels are part of the normal physiological
reaction, and the enzymes are important because they indicate the structural stress in the muscle
(CK) and the metabolic activity and anaerobic energy expenditure (LDH)[37]. This finding
agrees with previous studies , as the authors of [38] conducted a study found post-exercise CK
release of 30-70 % and LDH release of 15-40 % in healthy individuals, which agrees with the
idea that these enzymatic reactions are common after physical exercise[39]. Clinically, CK and
LDH can give useful information regarding safe exercise prescriptions and prevent
overtraining, and mild-to-moderate post exercise enzyme levels should be seen as normal
adaptive responses[40]. Nevertheless, the present study has some limitations, one of them being
the post-exercise measure at 30 minutes, which may fail to represent peak levels of enzymes,
which normally will be at 24-48 hours and the use of self-reported physical activity

questionnaires, which can create subjective bias [41]. The present study has several limitations.
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First, serum CK and LDH levels were measured only 30 minutes after exercise, whereas peak

enzyme concentrations are generally observed 24-48 hours post-exercise. Therefore, the
current findings mainly reflect early physiological responses rather than peak enzymatic
changes. Second, only total CK and LDH levels were measured without isoenzyme
differentiation. Future studies involving CK-MM and LDH isoforms may provide greater
specificity regarding tissue origin and muscle damage assessment. Additionally, physical
activity classification was partially based on self-reported questionnaires, which may introduce
subjective bias despite the use of supportive physiological measurements such as heart rate and

blood lactate.
3.5 Heart Rate (HR) Response

The heart rate of the participants at rest was similar for all three groups: Low — 72.4 &+ 6.8 bpm,
Moderate — 71.9 = 7.1 bpm, and High — 72.1 + 6.5 bpm. However, the heart rates of the
participants who performed moderate and high levels of activity were significantly higher at
98.6 = 10.5 bpm and 115.3 &+ 12.7 bpm, respectively, than those who performed low levels of
physical activity (Table 4, Figure 4). This response is attributed to cardiovascular adaptation to
increased exercise intensity, which increases with the workload and demands more oxygen
supply to the muscles [42]. This significant increase in the high activity group can explain the
increases in the levels of CK and LDH, which are directly proportional to the intensity of the

workout [43].

The results are in line with the findings of other studies which suggest that heart rate is a valid
measure of exercise intensity, which is highly correlated with the levels of muscle activity and
metabolism in the body. Hence, the results obtained from the heart rate measurements provide

a better understanding of the physiological adaptations to exercise [44].

Table 4. Heart Rate (bpm) in study groups

Group Resting HR (bpm) Post-Exercise HR (bpm)
Low Activity 724+ 6.8 =

Moderate Activity 71.9+7.1 98.6 £ 10.5

High Activity 72.1+6.5 1153 +£12.7
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Figure 4 : Heart Rate Response Across Activity Groups
3.6 Blood Lactate Levels

Blood lactate levels at baseline were found to be similar among the three groups (Low: 1.2 +
0.3 mmol/L, Moderate: 1.3 + 0.4 mmol/L, High: 1.2 + 0.3 mmol/L). After the exercise, the
lactate levels increased significantly in the moderate (3.8 = 0.7 mmol/L) and high activity
groups (5.6 + 0.9 mmol/L), with the highest levels being found in the high activity group (Table
5, Figure 5).

This increase can be attributed to an increased reliance on anaerobic glycolysis during more
intense physical activity. The increased levels of lactate are directly related to the increased

levels of LDH, as this enzyme is a major participant in the conversion of pyruvate and lactate
[45].

The concomitant increase in lactate and LDH levels is consistent with the notion that increased

levels of physical activity are associated with increased metabolic stress and energy
demands[46].

Table 5. Blood Lactate Levels (mmol/L) in Study Groups

Group Baseline Lactate (mmol/L) Post-Exercise Lactate (mmol/L)
Low Activity 1.2+0.3 =
Moderate Activity 1.3+04 3.8+0.7
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High Activity 1.2+0.3 5.6 +0.9

Il Baseline Lactate
Imm Post-Exercise Lactate

Lactate (mmol/L)

Low Activity Moderate Activity High Activity

Figure 5: Blood Lactate Levels Across Activity Groups
3.7 Correlation Analysis

Pearson correlation analysis demonstrated significant positive correlations between post-
exercise CK levels and blood lactate concentrations (r = 0.68, p < 0.001), as well as between
LDH levels and post-exercise heart rate (r = 0.72, p < 0.001). These findings suggest that

increasing exercise intensity is associated with greater muscular and metabolic stress.
4. Conclusion

These findings indicate that physical activity intensity plays an important role in modulating
serum CK and LDH levels, reflecting both muscular stress and metabolic demand. Heart rate
and blood lactate responses further support the physiological relationship between exercise
intensity and muscular adaptation. Future longitudinal studies incorporating delayed post-
exercise sampling and isoenzyme analysis are recommended to improve understanding of

exercise-induced muscular adaptations and recovery mechanisms.
7. References

[1] Srinivasan, J. D. (2025). Essentials of Physical Education: Health, Fitness, and Sports
Science. AG Publishing House (AGPH Books).

.
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

215



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nuha Hamza Khedhir', Muntaha Mezhir Abbas?, Galawesh Norri Tahers. / Al-Kitab Journal for Pure Sciences (2026); 10(2):203-220.
e —

[2] Smith, J. A., Murach, K. A., Dyar, K. A., & Zierath, J. R. (2023). Exercise metabolism
and adaptation in skeletal muscle. Nature Reviews Molecular Cell Biology, 24(9), 607-
632.

[3] Mukund, K., & Subramaniam, S. (2020). Skeletal muscle: A review of molecular
structure and function, in health and disease. Wiley Interdisciplinary Reviews: Systems

Biology and Medicine, 12(1), e1462.

|4] Rahmanian, K., Hooshmand, F., Shakeri, M., Rahmanian, V., Jahromi, F. S., &
Jahromi, A. S. (2022). Creatine kinase and lactate dehydrogenase enzymes response to

lactate tolerance exercise test. Exercise Science, 31(2), 168-172.
[5] Aujla, R., Zubair, M., & Patel, R. (2024). Creatine phosphokinase. StatPearls.

[6] Leite, C. D., Zovico, P. V., Rica, R. L., Barros, B. M., Machado, A. F., Evangelista, A.
L., ... & Bocalini, D. S. (2023). Exercise-induced muscle damage after a high-intensity
interval exercise session: systematic review. International journal of environmental

research and public health, 20(22), 7082.

[7] Farhana, A., & Lappin, S. L. (2023). Biochemistry, lactate dehydrogenase.
In StatPearls [internet]. StatPearls Publishing.

[8] Chandel, N. S. (2021). Glycolysis. Cold Spring Harbor Perspectives in Biology, 13(5),
a040535.

[9] Zaib, S., Hayyat, A., Ali, N., Gul, A., Naveed, M., & Khan, 1. (2022). Role of
mitochondrial membrane potential and lactate dehydrogenase A in apoptosis. Anti-

Cancer Agents in Medicinal Chemistry-Anti-Cancer Agents), 22(11), 2048-2062.

[10] Leite, C. D., Zovico, P. V., Rica, R. L., Barros, B. M., Machado, A. F., Evangelista, A.
L., ... & Bocalini, D. S. (2023). Exercise-induced muscle damage after a high-intensity
interval exercise session: systematic review. International journal of environmental

research and public health, 20(22), 7082.

[11] Petriz, B. A., Gomes, C. P., Almeida, J. A., de Oliveira Jr, G. P., Ribeiro, F. M., Pereira,
R. W., & Franco, O. L. (2017). The effects of acute and chronic exercise on skeletal

muscle proteome. Journal of cellular physiology, 232(2), 257-269.

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

e —
216



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nuha Hamza Khedhir', Muntaha Mezhir Abbas?, Galawesh Norri Tahers. / Al-Kitab Journal for Pure Sciences (2026); 10(2):203-220.
e —

[12] Szydtowska, S., Blaszkéw, K., Elias, J., Biesiada, W., Zubiak, M., & Kazmierczak, D.

(2025). Regular monitoring of post-training biochemical markers as a tool for injury

prevention in professional athletics—review. Quality in Sport, 39, 58897-58897.

[13] LeDrew, M., Sadri, P., Peil, A., & Farahnak, Z. (2025). Muscle Biomarkers as
Molecular Signatures for Early Detection and Monitoring of Muscle Health in

Aging. Nutrients, 17(17), 2758.

[14] GILBERT, J. A. (2010). IMPACT DU LAIT ET DE SES COMPOSANTES SUR LE
CONTROLE DE L'APPETIT, LA PERTE PONDERALE ET LA CAPACITE A
L'EFFORT These présentée. Physiology & Behavior, 100, 67-75.

[15] Allen, N. E., Arnold, M., Parish, S., Hill, M., Sheard, S., Callen, H., ... & Collins, R.
(2021). Approaches to minimising the epidemiological impact of sources of systematic
and random variation that may affect biochemistry assay data in UK Biobank. Wellcome

open research, 5,222.

[16] Powers SK, Howley ET. Exercise Physiology: Theory and Application to Fitness and
Performance. 11th ed. New York: McGraw-Hill Education; 2021.

[17] Mohammed, S. N., Jasim, M. H., Mahmood, S. H., Saleh, E. N., & Hashemzadeh, A.
(2025). The role of irisin in exercise-induced muscle and metabolic health: a narrative

review. Naunyn-Schmiedeberg's Archives of Pharmacology, 398(9), 11463-11491.

[18] Carobene, A., Roraas, T., Selvik, U. @., Sylte, M. S., Sandberg, S., Guerra, E., ... &
Ceriotti, F. (2017). Biological variation estimates obtained from 91 healthy study
participants for 9 enzymes in serum. Clinical chemistry, 63(6), 1141-1150.

[19] Plevkova, J., Brozmanova, M., Harsanyiova, J., Sterusky, M., Honetschlager, J., &
Buday, T. (2020). Various aspects of sex and gender bias in biomedical
research. Physiological research, 69(Suppl 3), S367.

[20] Landen, S., Hiam, D., Voisin, S., Jacques, M., Lamon, S., & Eynon, N. (2023).
Physiological and molecular sex differences in human skeletal muscle in response to

exercise training. The Journal of physiology, 601(3), 419-434.

[21] McKeon, J. M. M., & McKeon, P. O. (2016). A balancing act between control and
generalizability. International Journal of Athletic Therapy and Training, 21(2), 1-3.

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq
P,

217



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nuha Hamza Khedhir', Muntaha Mezhir Abbas?, Galawesh Norri Tahers. / Al-Kitab Journal for Pure Sciences (2026); 10(2):203-220.
e —

[22] Holmberg, M. J., & Andersen, L. W. (2022). Adjustment for baseline characteristics in
randomized clinical trials. Jama, 328(21), 2155-2156.

[23] Radisi¢ Biljak, V., Lazi¢, A., Nikler, A., Pekas, D., Saracevi¢, A., & Trajkovi¢, N.
(2025). Post-exercise creatine kinase variability: a literature review. Biochemia

medica, 35(2), 186-200.

[24] Powers, S. K., Goldstein, E., Schrager, M., & Ji, L. L. (2022). Exercise training and

skeletal muscle antioxidant enzymes: an update. Antioxidants, 12(1), 39.

[25] Brancaccio, P., Lippi, G., & Maffulli, N. (2010). Biochemical markers of muscular
damage. Clinical Chemistry & Laboratory Medicine, 48(6).

[26] Baird, M. F., Graham, S. M., Baker, J. S., & Bickerstaff, G. F. (2012). Creatine-kinase-
and exercise-related muscle damage implications for muscle performance and

recovery. Journal of nutrition and metabolism, 2012(1), 960363.

[27] Farhana, A., & Lappin, S. L. (2023). Biochemistry, lactate dehydrogenase. In StatPearls
[internet]. StatPearls Publishing.

[28] Duncan, L. M., Deeds, J., Cronin, F. E., Donovan, M., Sober, A. J., Kauffman, M., &
McCarthy, J. J. (2001). Melastatin expression and prognosis in cutaneous malignant

melanoma. Journal of clinical oncology, 19(2), 568-576.

[29] Suzuki, Y., & Shioi, Y. (1999). Detection of chlorophyll breakdown products in the
senescent leaves of higher plants. Plant and Cell Physiology, 40(9), 909-915.

[30] Todorovic, D., Stojanovic, M., Medic, A., Gopcevic, K., Mutavdzin, S., Stankovic, S.,
& Djuric, D. (2021). Four weeks of aerobic training affects cardiac tissue matrix
metalloproteinase, lactate dehydrogenase and malate dehydrogenase enzymes activities,
and hepatorenal biomarkers in experimental hyperhomocysteinemia in

rats. International Journal of Molecular Sciences, 22(13), 6792.

[31] Bartoloni, B., Mannelli, M., Gamberi, T., & Fiaschi, T. (2024). The multiple roles of
lactate in the skeletal muscle. Cells, 13(14), 1177.

[32] Stozer, A., Vodopivc, P., & Bombek, L. K. (2020). Pathophysiology of exercise-
induced muscle damage and its structural, functional, metabolic, and clinical

consequences. Physiological research, 69(4), 565.

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq
P,

218



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nuha Hamza Khedhir', Muntaha Mezhir Abbas?, Galawesh Norri Tahers. / Al-Kitab Journal for Pure Sciences (2026); 10(2):203-220.
e —

[33] Szydtowska, S., Blaszkéw, K., Elias, J., Biesiada, W., Zubiak, M., & Kazmierczak, D.

(2025). Regular monitoring of post-training biochemical markers as a tool for injury

prevention in professional athletics—review. Quality in Sport, 39, 58897-58897.

|34] Spanakis, M., Fragkiadaki, P., Renieri, E., Baliou, S., Fragkiadoulaki, I., Vakonaki, E.,
... & Tsatsakis, A. (2025). Exploiting interrelated genomic, biochemical, nutritional and

pathophysiological data to optimize athletic performance. World Academy of Sciences

Journal, 7(4), 52.

[35] Furrer, R., Hawley, J. A., & Handschin, C. (2023). The molecular athlete: exercise
physiology from mechanisms to medals. Physiological reviews, 103(3), 1693-1787.

[36] BLuher, M. A. T. T. H. I. A. S., Brennan, A. M., Kelesidis, T., Kratzsch, J., Fasshauer,
M., Kralisch, S., ... & Mantzoros, C. S. (2007). Total and high—molecular weight
adiponectin in relation to metabolic variables at baseline and in response to an exercise

treatment program: comparative evaluation of three assays. Diabetes care, 30(2), 280-

285.

[37] Stepanov, G. (2023). Pathophysiological significance of creatinekinase and
lactatedehydrogenase in the mechanisms of adaptation of muscle tissue of

descendants. Journal of Education, Health and Sport, 50(1), 153-167.

[38] Brancaccio, P., Maffulli, N., & Limongelli, F. M. (2007). Creatine kinase monitoring in
sport medicine. British medical bulletin, 8§1(1), 209-230.

[39] Ball, D. (2015). Metabolic and endocrine response to exercise: sympathoadrenal

integration with skeletal muscle. Journal of Endocrinology, 224(2), R79-R95.

[40] Yparraguirre Salcedo, K. G., Rivera Prado, A. B., Lloja Lozano, L., Chambilla Quispe,
V. F., & Ramirez Atencio, C. W. (2024). Evaluating Muscle Damage Biomarkers in
Adolescent Athletes: Implications for Public Health in Tacna, Peru—2023. International
Journal of Environmental Research and Public Health, 21(11), 1394.

[41] Kelly, R. S., Kelly, M. P., & Kelly, P. (2020). Metabolomics, physical activity, exercise
and health: A review of the current evidence. Biochimica et Biophysica Acta (BBA)-
Molecular Basis of Disease, 1866(12), 165936.

[42] Smith, D. L., & Fernhall, B. (2023). Advanced cardiovascular exercise physiology.

Human Kinetics.

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq
P,

219



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nuha Hamza Khedhir', Muntaha Mezhir Abbas?, Galawesh Norri Tahers. / Al-Kitab Journal for Pure Sciences (2026); 10(2):203-220.
EE,———

[43] Rahmanian, K., Hooshmand, F., Shakeri, M., Rahmanian, V., Jahromi, F. S., & Jahromi,

A. S. (2022). Creatine kinase and lactate dehydrogenase enzymes response to lactate

tolerance exercise test. Exercise Science, 31(2), 168-172.

[44] Gronwald, T., Rogers, B., & Hoos, O. (2020). Fractal correlation properties of heart rate
variability: a new biomarker for intensity distribution in endurance exercise and training

prescription?. Frontiers in physiology, 11, 550572.

[45] L1, X., Yang, Y., Zhang, B., Lin, X., Fu, X., An, Y., ... & Yu, T. (2022). Lactate
metabolism in human health and disease. Signal transduction and targeted therapy, 7(1),

305.

[46] Lee, S., Choi, Y., Jeong, E., Park, J., Kim, J., Tanaka, M., & Choi, J. (2023).
Physiological significance of elevated levels of lactate by exercise training in the brain

and body. Journal of bioscience and bioengineering, 135(3), 167-175.

L
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

220



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

	1. Introduction:

